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Before the Storm:

Inside

Navigation Community Frets
Over Solar Max

A

s the 11-year cycle of solar activity
wheels back around toward its peak
(solar max) in 2011–12, interest is growing in anticipating and mitigating its effects
on radionavigation systems such as GNSS
and Loran.
Back-to-back meetings in May gathered
a range of experts from the scientific and
radionavigation user community to share
their expertise — and concerns — about
the effects of the next solar max on a world
with growing GNSS dependencies.

Highlights from the
IEEE/ION PLANS Conference,
Page 6-9

The next cyclic peak in sunspots —
the so-called “solar max” — will occur
in 2011, but may affect space weather for
1-1/2 to 2-1/2 years before and after the
peak. During the last solar max in 2000,
numerous instances of GPS receiver malfunctions were reported. Some scientists
believe that solar radio bursts (SRBs)
during the 2011 solar max will exceed the
levels reached in the previous one.
Storm continued on page 22
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From the ION President
Chris Hegarty

The Year Ahead

I

n January of this year, I was privileged
to become the ION’s 60th president. In
keeping with tradition, I am writing this
column to let you know about some of the
steps our non-profit professional society
is taking towards the Institute’s stated
objective of the “advancement of the art
and science of navigation” — advances
made possible only through the efforts of
our many volunteers and the ION’s small,
dedicated staff.
Conferences
The May 6–8, 2008, Position, Location, and Navigation Symposium (PLANS
2008), jointly sponsored by the IEEE
and the ION, was a great success with a
registered attendance of 440. Thanks to
the general chair Charles Bye, program
chairs Penny Axelrad and Frank van
Graas, the PLANS executive committee, the
many other volunteers, and participants
for an outstanding job in organizing and
executing this event.
The next ION meeting this year will be
ION GNSS 2008, September 16 – 19. The
technical program is now available on the
ION website www.ion.org/meetings/#gnss,
and I encourage you to take a look. Once
again, the meeting organizers have done
a tremendous job in arranging what
should be a very exciting and informative
conference.
New for ION GNSS this year are panel
discussions on GNSS policy issues, program updates, and business applications,
with participation by GNSS leaders from
around the world. Mark your calendar
and plan to join us in Savannah, Georgia,
in September.
Looking further ahead, the call for
abstracts is now being issued for our
International Technical Meeting, which
will be held January 26–28, 2009, at

Disneyland in Anaheim, California. This
will be the first year of a permanent
change in the title of our annual January
meeting from the historical “National
Technical Meeting” to the more appropriate “International Technical Meeting.”
Patricia Doherty, Boston College, will be
our program chair and will assist general
chair Jim Simpson, NASA, in organizing
this meeting.
In May 2008, the Joint Service Data
Exchange (JSDE) and ION entered into an
agreement to co-sponsor the Joint Navigation Conference (JNC) 2009. The conference will take place June 1–4, 2009 at
the Wyndham Orlando Resort in Orlando,
Florida, and will replace the ION’s summer meeting. JNC 2009 will be the largest
U.S. military navigation conference of the
year with joint service and government
participation.
JNC 2009 will focus on technical
advances in guidance, navigation, and
control (GN&C) with emphasis on joint
development, test, and support of affordable GN&C systems, logistics, and
integration.
Publications
Over a year and a half ago, the ION’s
quarterly journal NAVIGATION transitioned to an electronic submission system.
This transition has been a great success
— significantly speeding up the submission, review, and disposition process. The
Spring 2008 issue was mailed on time,
and the ION has submitted an application to the Science Citation Index (SCI)
beginning with this issue. Many thanks to
the editor, Boris Pervan, the associate/assistant/technical editors, reviewers, and
National Office staff for these successes.
NAVIGATION’s readership should
watch for “critters on the cover” of the
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Summer 2008 issue — a special issue on
bio-navigation, which promises to be a
very interesting read. Dr. Mike Miller and
Dr. Ken Lohmann served as guest editors
for this volume.
President continued on page 5
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DARPA TURNS 50
Happy Birthday to the agency that brought us cars
that drive themselves, the first voyage to the moon, the
mouse, the Internet . . . and PNT technologies galore

T

hink Silicon Valley or Stephen Spielberg invented the freewheeling idea
factory, full of brilliant techies, no red tape
and no boundaries? No way.
The original version had to be DARPA
— Defense Advanced Research Project
Agency—a small, select, secretive but
sprightly arm of the Defense Department,
formed in 1958 when Sputnik’s surprise
heated up the Cold War.
The new agency’s brief: Put the U.S. in
the driver’s seat with state-of-the-art technologies in every field imaginable — do it
fast if you can, but nothing is too far out or
too far in the future to consider.
And did they ever deliver!
The Arlington, Virginia-based agency
has funded and managed, among many
other things, the development of ARPANET,
the 1960s network technology that became
the Internet; the Saturn-V rocket that took
Apollo 11 to the moon in 1969; TRANSIT,
precursor to GPS; unmanned vehicles;
the computer mouse; lithography that put

100 billion transistors on a chip, leading
to today’s’ GPS receivers and cell phones;
and new technologies in GPS and non-GPS
positioning, navigation and timing.
On April 10, 1800 of DARPA’s closest
friends partied in Washington in a 50th
birthday bash. These alumni have enjoyed
possibly the least hindered agency in the
federal government, with a flat organizational structure and no dead wood.
DARPA program managers –scientists
and engineers from the military, academia,
and industry — are appointed for only
four to six years, in order to encourage
risk and an entrepreneurial mind set. The
technical employees number fewer than
150. (Support staff and directors are allowed to stick around.)
The agency invests in big visions,
working with universities and industry
to make those happen. Once a project is
successful, DARPA hands it off to the DoD
or the companies and universities that did
the work.
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2007 Urban Challenge: GPS and
Perception Technologies
DARPA combines serious innovation with a sense of whimsy designed
to attract new talent — witness last
November’s Urban Challenge for robotic
vehicles, held at a closed air force base
in Victorville, California.
Eleven university and company teams
competed for $3.5 million in prizes,
directing their autonomous vehicles
through a 60-mile obstacle course in 6
hours, untouched by human hands.
The driverless cars obeyed California
traffic laws, interpreted traffic lights,
and responded to slowdowns, speedups,
intersections, merges, parking lots, and
other real-life traffic situations.
Most of the contestants used GPS
technology and programmed GPS
coordinates of points along the course.
Carnegie Mellon University’s winning
Tartan Racing SUV used GPS technology, lasers, cameras, radar and 300,000
lines of software code.
The fourth-place MIT team, concerned about access to GPS data on
the course, primarily used electronic
perception technologies for navigation:
laser range finders, radar, and cameras.
The Urban Challenge followed the
2004 and 2005 DARPA Grand Challenges, which took driverless cars on more
rigorous, but less sophisticated courses.
Although other current projects involve positioning, navigation and timing,
DARPA’s ties to satellite navigation go
back 50 years. . . .
TRANSIT: the First Satellite
Navigation System
In 1958 the Applied Physics Laboratory/
Johns Hopkins University (APL/JHU)
brought the proposal for Transit, the
very first satellite navigation system, to
DARPA after the Navy decided it was too
expensive and high risk to pursue.
DARPA funded the feasibility studies
and provided the launch systems. APL
built the satellites and ground stations.
The first of the system’s 36 satellites was
DARPA continued on page 4
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DARPA continued from page 3
launched in 1959, and responsibility for
the program was transitioned back to the
Navy in the early 1960s.
Transit provided navigation information to military and civilian vessels and
the ballistic missile submarine force for
28 years.
New Navigation Technologies
Current projects involve GPS and non-GPS
navigation, such as: Micro Aerial Vehicle (MAV). DARPA and Oklahoma State
University are working on MAVs, including
improving technologies that navigate and
avoid collisions in indoor and outdoor
environments where GPS signals are
jammed or unavailable.

“DARPA has been
the place for people
with ideas too crazy,
too far out, too risky.
An organization willing to take a bet on
an idea long before
it is proven.”

Micro Inertial Navigation Technology (MINT). DARPA is looking for
proposals that will lead to “revolutionary
advances” in this area. The agency would
like to create precise micro- and nanoscale navigation sensors that will work
for hours or days where GPS signals
aren’t available.
DARPA envisions sensors small
enough to fit inside the sole of a shoe,
that use no energy except that created
during movement, and that would work
reliably under battlefield conditions.
Defense Underground Mapping
Satellite Tracking and Ranging
(DMSTAR). Failure Analysis will build
the Defense Underground Mapping
Satellite Tracking and Ranging (DUMSTR) system for DARPA. The project is

DARPA Director Tony Tether, at
the 50th Anniversary Celebration

DARPA’s command center for the 2007 Urban Challenge. Photo credit: DARPA.
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a low-earth-orbiting, satellite-based, underground mapping matrix that uses GPS
and Defense Mapping Satellite Program
(DMSP) technology to locate civil and
military facilities and provide geological
information for earthquake prediction.
Robust Surface Navigation (RSN).
Boeing and Argon-ST-led teams are
developing new technologies for DARPA
that can use all available signals —
electronic waves from satellites, cell
phone towers, or even television transmission towers — to provide precise
location and navigation information to
ground troops when GPS signals are
being electronically jammed or blocked
by foliage or buildings. Rosum, NAVSYS,
Shared Spectrum, Honeywell, and Ticon
Geomatics are also on the teams.

Of course, over 50 years everyone
will make mistakes. Who knows how
many are buried in the archives? But
here’s one that made it out: DARPA’s
mechanical elephant. During the Viet
Nam war, researchers decided to make
one that could stride through roadless jungle. According to legend, the
director called it a damn fool plan and
cancelled it before anyone could leak
it to the press. u
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President continued from page 2
The ION is also planning to publish a
monograph on Integrated Navigation Systems, edited by Dr. Maarten Uijt de Haag,
sometime this fall. The issue will include
an introductory tutorial followed by a selection of papers from both NAVIGATION
and ION conference proceedings.
Benefits and Services
In May, all members should have received
a request to participate in a survey seeking information on how well our organization is meeting individual needs and
how we can improve benefits and services
to better assist those involved in navigational operations, applications, studies,
and research.
We hope to use the results of this
survey to make informed decisions on
member benefits in the future. Thank you
to all that participated.
Finally, before signing off, I’d like to
take this opportunity to thank the many
volunteers and national office staff who
have contributed to ION’s success through
the years.
Throughout the year ahead, I will
welcome and encourage feedback from
the ION’s members. Your comments and
suggestions can reach me by e-mail at
president@ion.org. u
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Highlights from the 2008 IEEE/ION Position Location and Navigation Symposium
BEST PAPER IN TRACK AWARDS
$250 Honorarium
From Track A: Effect of Mutual Coupling on the Performance of GPS AJ Antennas: K. A. Griffith and I. J. Gupta, The
Ohio State University
From Track B: Carrier-Phase Multipath Calibration in
GPS-RTK Machine-Guidance Applications: L. Serrano, LeicaGeosystems AG, Switzerland/University of New Brunswick,
Canada; D. Kim and R. B. Langley, University of New Brunswick,
Canada
Above: PLANS 2008 Program Committee (from left to right): Dr. Alex Fax, Northrop
Grumman; Dr. Paul Kline, Honeywell; Dr. Penina Axelrad, University of Colorado;
Dr. Dorota Grejner-Brzezinska, The Ohio State University; Dr. Chris Hegarty, MITRE
Corp./ION President

From Track C: Indoor PDR Performance
Enhancement using Minimal Map Information and Particle Filters: S. Beauregard, (photo
left) University of Bremen, Germany; Widyawan,
M. Klepal, Cork Institute of Technology, Ireland
From Track D: Low Complexity Ultra-Wideband Ranging in Indoor Multipath Environments: G. Bellusci, (photo right) G.J.M. Janssen, J. Yan,
C.C.J.M. Tiberius, Delft University of Technology,
The Netherlands

See Page 7 for Fried Best Paper Award

BEST STUDENT PAPER AWARD
$400 Honorarium

Above: PLANS General Chair Chuck Bye receiving plaque of appreciation for his volunteer leadership from Barry Breen, IEEE/AESS Vice President of Meetings.
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From Session C6: TightlyCoupled GPS/INS System
Design for Autonomous
Urban Navigation: I. Miller
(photo left), B. Schimpf, M.
Campbell, Cornell University;
J. Leyssens, Septentrio Satellite
Navigation, Belgium

Spring 2008

Left: The Walter R. Fried Memorial Award for Best Paper is
presented to Robert Newgard by PLANS General Chair, Charles Bye.
Above: PLANS General Chair Charles Bye presents the Kerschner
Award for outstanding achievement to Dr. A.J. Van Dierendonck.

thank you to our exhibitors!
Acutronics USA, Inc.
Atlantic Inertial Systems
CAST Navigation LLC
Colibrys
GPS Test Center of Expertise
GPS World
Hemisphere GPS
Honeywell

Ideal Aerosmith, Inc.
Inside GNSS
Ixsea, Inc.
KVH Industries, Inc.
L-3 Communications IEC
MicroStrain, Inc.
Navhouse Corporation
Northrop Grumman

NovAtel, Inc.
Septentrio, Inc.
Spirent Federal
Systems
Virtus Advanced
Sensors
Wuilfert, Inc.
Zupt, LLC

ION Newsletter		

Spring 2008

Congratulations ION® Annual Award Recipients
Thomas L.
Thurlow Award

Dr. Maarten Uijt de Haag
For his significant contributions
to Laser Detection and Ranging
(LADAR)-based navigation, aircraft precision approach and integrity for synthetic vision systems.

Tycho Brahe
Award

Norman P. Hays
Award

Patrick Reddan
For his significant contributions
to the development of navigation systems, technical leadership
of the Wide Area Augmentation System, and oversight over
implementation of its geostationary satellites.

P.V.H. Weems
Award

Dr. Peter S. Maybeck
For lifelong accomplishments
in navigation education and
research at the Air Force Institute
of Technology.

Samual M. Burka
Award

Dr. Thao Nguyen, Dr. Chun Yang, Dr. Mikel Miller
For their paper “Symmetric Phase-Only Matched Filter (SPOMF) for
Frequency-Domain Software GPS Receivers” published in the Spring 2007
issue of NAVIGATION, The Journal of The Institute of Navigation, Vol. 54,
No. 1, p.31.

Distinguished Service Awards

Superior
Achievement
Award

Dr. Yoaz Bar-Sever
For his outstanding contributions
to the art of GPS satellite orbits
and signal modeling for high-accuracy spaceborne navigation
and science applications.

Captain Jens D. Lyndrup
For his superior leadership and
significant contributions to the
effective combat employment of
the United States and Iraq Air
Force C-130s as an Instructor
Navigator.
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Dr. Mikel Miller
For his visionary leadership in
promoting navigation education through the establishment,
promotion and administration
of the ION Satellite Division’s Robotic Lawn Mower Competition.

John Lavrakas
A Distinquished Service Award
was also presented to then outgoing ION President, Mr. John
Lavrakas, in January 2008
during the ION’s National
Technical Meeting. The award
was presented in grateful recognition of his leadership and
achievements on behalf
of The Institute of Navigation.
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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

Welcome to the ION’s
Newest Fellows

E

lection to fellow membership
recognizes the distinguished
contributions of ION members to
the advancement of the technology, management, practice and
teaching of the arts and sciences
of navigation; and/or for lifetime
contributions to The Institute.
Former ION members who are
not currently active may be elected to non-voting fellow membership. Election to honorary fellow
membership is authorized for
non-members qualified by their
accomplishments. Members of
other national institutes are also
considered in this category. Details of the nomination process
and deadlines can be found at at
www.ion.org.

Marvin B. May
For his many significant contributions in the fields of geophysical
navigation, inertial navigation,
and GPS that have significantly
advanced military capabilities and
his service to the community as an
educator in the field of navigation.

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

James T. Doherty
For extraordinary leadership,
technical contributions and
initiatives for the Loran and GPS
navigation systems and excellence in his extensive service to
The Institute of Navigation.
ION Newsletter

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.

Dr. Mikel Miller
For technical leadership in alternative navigation technologies,
significant navigation educational activities, and visionary
leadership within The Institute of
Navigation.
	

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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San Diego, California

Spring turned out to be a busy season for the world’s GNSS systems, with
significant program advances coming about for most of them.
GPS
About a decade after it was first proposed,
a new generation of GPS satellites — Block
III — has been funded and an award made
for their development and manufacture.
On May 15, the U.S. Air Force announced that it had selected a team led by
Lockheed Martin Space Systems Company
to build the first batch of GPS Block IIIA
satellites under a contract valued at up to
$3.568 billion dollars.
The acquisition covers the first of
three sets of Block III satellites currently scheduled to begin launching in
2014. Lockheed’s immediate award is for
$1,463,969,301 to build two research &
development satellites, with an additional
five options of two space vehicles (SVs)
each, for a possible total of 12 SVs.
However, the Air Force only expects
to purchase a total of eight IIIA satellites, including the fully operational R&D
spacecraft. Another 8 satellites would be
delivered under the GPS IIIB phase, to be
awarded about three years from now, and a
final 16 GPS IIICs later on.
The GPS IIIB will feature a cross-linked
command and control architecture, enabling these SVs to be updated from a single
ground station instead of waiting for each
satellite to orbit in view of a ground antenna. GPS IIIC will fly a high-powered spot
beam that can deliver greater M-code signal
power — about 100 times that of current
satellites — for increased resistance to
hostile jamming.
Meanwhile, the GPS program has passed
ION Newsletter

GPS launch March 2008. USAF photo.

a milestone of sorts with the first allocation
of funds from civil agencies to pay for a
portion of the core GPS budget.
The Fiscal Year 2008 (FY08) budget
for the U.S. Department of Transportation
(DoT) sets aside $7.2 million as the first
installment on the civil share of GPS modernization efforts. The money will fund the
L1C signal that will be transmitted on the
GPS Block III satellites a well as the costs of
10

monitoring the civil GPS signals in the modernized ground control segment (OCX).
For the FY09 budget, the Bush administration has requested a $20.7 million
allocation. The total five-year civil contribution (FY09-13) is expected to be more than
$200 million.
This marks a departure from a 34year-old practice of funding all corer GPS
development (space and control segment
infrastructure, operations & maintenance,
etc.) solely from Department of Defense
(DoD) funds channeled through the U.S.
Air Force. The FY08 allocation will be split
equally between the Federal Aviation Administration (FAA) and the Federal Highway
Administration (FHwA) while the allotments
for FY09–13 will all come from FAA.
President Bush’s total allocation for
GPS in his FY09 budget proposal, released
in February, is nearly $1.2 billion dollars,
according to the Space and Missile Systems
Center’s GPS Wing at Los Angeles Air Force
Base, California.
On March 15, the Air Force launched
GPS IIR-19M, which is the sixth in a line
of eight modernized GPS IIR satellites and
the third successful launch of a GPS IIR-M
satellite within a five-month period. The
IIR-Ms include a modernized antenna panel
that provides increased signal power to receivers on the ground, new military signals
(M-code on L1 and L2), and a second civil
signal (L2C).
With modernization back on track and
additional civil signals becoming available
(including L5 on the Block IIF satellites that
Spring 2008

begin launching next year, along with L2C
and L1C), the National Executive Committee
for Space-Based Positioning, Navigation,
and Timing (PNT) has drafted a plan that
would commit the Department of Defense
(DoD), as the operator of GPS, to continue
enabling codeless/semi-codeless GPS access until December 31, 2020.
A 30-day public comment period began
May 16 with a Federal Register notice on
the plan. The notice states that the U.S.
government acknowledges the global use of
GPS codeless and semi-codeless techniques
and intends to maintain the existing GPS L1
Y-code and L2 Y-code signal characteristics
— such as the received minimum RF signal
strength — until such time that an alternative capability exists to replace it. At that
time, a full complement of new civil signals
should be available on 24 or more modernized GPS satellites.
The PNT National Executive Committee
will take the public comments into account
as it prepares a final announcement on the
date for the codeless/semi-codeless GPS
transition, which will also be published in
the Federal Register. The final announcement would also state that should “unforeseen delays” occur in the GPS modernization program, the date will be reassessed.
Further information can be obtained
by contacting Jason Kim, Office of Space
Commercialization, U.S. Department of
Commerce, telephone, (202) 482-5827;
e-mail, jason.kim@noaa.gov; fax, (202)
482-4429.
Back on Earth, the U.S. Department
of Transportation (DoT) has decided to
continue full operations of the Nationwide
Differential Global Positioning Systems (NDGPS), which provides real-time corrections
for GPS satellite signals. The system’s design
is based on the USCG’s DGPS maritime
service and transmits real-time differential
corrections from the reference stations on
a medium frequency maritime radiobeacon
band of 285-325kHz.
Currently, 86 stations are operating with
support from three federal agencies: the
U.S. Coast Guard (USCG, 39 sites), the Army
Corps of Engineers (9 sites), and the DoT
(38 sites operated and maintained by the
USCG under contract).
ION Newsletter

First signals being received at the GIOVE-B control center in Fucino, Italy. ESA photo.

Discussions are ongoing regarding the
future funding mechanism for inland NDGPS and will be addressed in future budget
submissions
The 2007 DoT operating plan had
halted all new NDGPS site construction and
allocated only $5 million in the FY08 budget
to continue maintenance and operations
until a final decision could be made on the
inland portion of the system. The reversal
by DoT followed an assessment undertaken
by the DoT’s Research and Innovative Technology Administration (RITA), which has
overseen the program for the interim since
early 2007, and public comment period.

Galileo
Launch of the second Galileo In-Orbit Validation Element (GIOVE-B) satellite on April
27 followed a few days on the heels of the
European Parliament’s approval of a new
regulation on the European GNSS.
11

On May 7, GIOVE-B began broadcasting
signals on the E1/L1 and E5a/b frequencies,
including the multiplex binary offset carrier
(MBOC) waveform that will be the basis of
a common L1 signal transmitted on GPS
and Galileo. (See accompanying image recorded from a Septentrio Galileo receiver.)
The GPS version will be the L1C, scheduled
for the GPS III generation of spacecraft due
to begin launching in 2014.
The Galileo regulation sets the stage for
the next phase of the €3.4-billion program’s
development under a public procurement
plan, following the abandonment of efforts
to forge a public-private partnership (PPP)
with industry last year.
Much work, of course, remains to be
done: establishing the legal framework for
operation of the system, regulatory measures, intellectual property rights (IPR),
and liability regimes for the European
Galileo continued on page 12
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Galileo continued from page 11
Geostationary Navigation Overlay Service
(EGNOS) and Galileo itself.
The European Commission (EC), which
has been given firm leadership of the
development phase of the program, must
also complete a delegation agreement with
ESA to serve as the prime contractor outlining responsibilities and guidelines for the
procurement process.
The EC hopes to have selected vendors
and gained signatures on contracts by
late this year or early 2009. Parliament’s
measure targets the 2008–2013 time frame
for completion of the deployment phase of
Galileo, but program officials acknowledge
that acquisition contracts must be signed
before a more solid schedule can be determined, because the contracts with vendors
will have a real timeline for commitment of
deliverables.
Finalizing a Galileo Signal in Space
Interface Control Document (SIS ICD)
remains a priority so that private companies can begin designing and selling
Galileo-capable equipment. Researchers
at Stanford University, for example, have
discovered that the MBOC signal being
broadcast by GIOVE-B uses Gold codes
(as does GPS) rather than the memory
codes specified in the current provisional
Galileo SIS ICD.
Other unresolved issues include the
role of the European GNSS Supervisory Authority (GSA) in regards to EGNOS and ESA,
and the size and nature of non-European
companies’ participation in the contracts
to build the system, which the new Galileo
regulation specifically allows.
The GSA, which would have had a
more central role as overseer of a once-envisioned public-private partnership (PPP)
to deploy and operate Galileo, will retain a
board composed of representatives from
the 25 EU member-states and continue as
a separate agency but under the direction
of the EC.
Under the new regulation, the GSA
will now monitor the implementation of
security procedures and perform system
security audits, while respecting the EC’s
role as manager of the program “and in
ION Newsletter

M-BOC2 wave form as recorded by Septentrio receiver.

accordance with guidelines issued by the
Commission.”
Ultimate responsibility for management
of the security program remains with the
EC, which plans on establishing a GNSS
Security Board chaired by the commission
and composed of security experts with
representatives from each member state.
The GSA will be responsible for
establishing and operating the new Galileo
security center. The regulation also enables
the EC to assign other tasks to the agency,
including the promotion of Galileo applications and services and ensuring the certification of the components of the systems.
Meanwhile, ESA has already taken
over as prime contractor for the in-orbit
validation (IOV) phase of the program
after a billion-euro contract with European
Satellite Navigation Industries (ESNI) was
terminated in December. IOV includes construction and launch of four full-fledged
Galileo satellites in 2009–2010 to form a
mini-constellation for additional validation
testing before the other 26 spacecraft are
launched in 2011–13.

GLONASS
Russia has decided to join the GNSS CDMA
club — announcing approval earlier this
year of a new GLONASS requirements
document that adds code division multiple
access signals at the L1 (centered at 1575
12

MHz) and L5 (1176 MHz) bands, beginning
with the GLONASS-K satellites scheduled to
launch in 2010.
The long-debated measure represents
a departure from Russia’s 26-year practice of broadcasting frequency division
multiple access (FDMA) signals on swaths
of bandwidth slightly higher than other
GNSS systems at L1 and L2. GLONASS will
continue to broadcast FDMA signals at its
current frequencies, as well as new ones in
the future at L3 (1201–1208 MHz).
Use of FDMA signals has complicated
the design of combined receivers because
all the other GNSS systems use CDMA. As a
result, such equipment has been more expensive and typically limited to professional
or commercial applications.
The new GLONASS signals will also use
the binary offset carrier (BOC) waveform
that GPS and Galileo are implementing: BOC
(2,2) at L1 and BOC (4,4) at L5.
The program’s new direction is reflected
in a February 15, 2008, government decree
on GLONASS requirements. Under the
new requirements, Russia will continue
expansion of its ground control network,
including establishment of new monitoring
stations outside Russia’s borders for the first
time. Improved timing and orbit determination are planned to enable the system to
match GPS system performance by 2012.
GLONASS is in the seventh year of a
10-year plan to rebuild and modernize the
Spring 2008

system. Funding under that plan is committed through 2011, with additional revenues
now being sought to support the new
requirements document.
The system’s positioning and timing accuracy are currently about seven years behind that of GPS. However, improved atomic
clocks on board modernized GLONASS
satellites (GLONASS-M) launched in recent
years have already produced substantially
improved user range error (URE) figures:
dropping from 3.9 to 1.8 meters since the
first of the year — still well above that of
GPS, which is less than 1 meter.
Russia also plans to expand the
GLONASS constellation from the current
fully operational capability (FOC) of 24
satellites to 30 satellites at a minimum,
according to program officials. However,
creation of a larger constellation will
require upgrades to the GLONASS control
segment, which currently can handle only
24 spacecraft.
Russia currently has 16 operational
satellites in orbit and plans to add another
six GLONASS-M satellites this year with
triple-spacecraft launches in September and
November. Three remaining older-generation GLONASS satellites will be decommissioned by the end of this year.
Terrestrial and space-based augmentation systems are also under development
to improve real-time accuracy of GLONASS.
The modernization plan also supports
design and manufacture of GLONASS or
combined GLONASS/GPS for military and
other government users of navigation equipment, as well as assistance for designing
and manufacturing of combined equipment
GLONASS/GPS/GALILEO to help develop
mass-market navigation services.
Russian and U.S. technical working
groups have been discussing whether to try
to coordinate additional common features
in civil GPS and GLONASS signals, along the
lines of what the European Union and the
United States agreed regarding the Galileo
Open Service and the future GPS L1C signal.

Compass
After a pronounced push last year to have
its Compass program (or Beidou in ChiION Newsletter

nese) acknowledged as a full-fledged GNSS,
China has provided few additional details on
the status of the program.
In recent presentations at international
conferences, Chinese representatives have
underlined their intention to have an Asia
regional system in place within a couple of
years. Privately, however, Chinese officials
continue to express their expectation that

Compass constellation.

the Compass will be completed before
Europe’s Galileo.
Compass is designed to have 5 satellites
in geostationary orbit (GEO) and 30 satellites in medium Earth orbit (MEO). China
launched its first MEO satellite in April
2007, after having put four GEOs into orbit
since 2000.
Currently, position determination
is achieved using the Beidou Phase 1
constellation by a time-difference-of-arrival method. Signals are transmitted from
user terminals to the GEOs, which send the
precise time of the received signals to a
ground station, operated by Beijing BDStar
Navigation Company Ltd. The ground facility
calculates the longitude and latitude of the
remote terminal, transmits this information back to the GEOs, which in turn pass it
along to the mobile terminal.
The operational Compass system will
employ direct MEO satellite/receiver time
and ranging techniques similar to GPS,
GLONASS, and Galileo.
In the meantime, China continues to
take part in Europe’s Galileo program
13

under a 2003 agreement in which China
committed €200 million with which it is
establishing Galileo monitoring capabilities
in China and developing Galileooriented applications and user equipment.
The potential contradictions in this dualtrack GNSS development are epitomized by
China’s tentative plan to place a portion of
the Compass (Beidou) signals on the same
frequency planned for Galileo’s security-oriented public regulated service (PRS).
Another round of talks took place in
Brussels at the end of April between Chinese
and European representatives regarding
China’s proposal.
This is much the same situation as arose
a few years ago when Europe originally
proposed to overlay its L1 open service
signals on the new GPS military (M-code)
signal. That potential conflict was eventually
resolved in the course of negotiating the
2004 Galileo/GPS cooperation agreement
between the United States and the European
Union.
Nonetheless, China’s obligation to work
toward compatible and interoperable GNSS
activities is manifested in the country’s
participation in the UN-sponsored International Committee for GNSS (ICG). China is a
member of the ICG Providers Forum, which
agreed on an explicit set of principles and
objectives in a meeting last September in
Bangalore, India.
And, apparently for the first time, a U.S.
technical working group met with Chinese
representatives in early May in Xian, China,
in bilateral discussions on GNSS-related
issues.
Meanwhile, China is already using
Beidou I to track vehicles carrying hazardous materials and also is playing an important role in relief efforts in the wake of the
May 12 earthquake in Sichuan province.
According to a recent People’s Daily report,
China’s satellite navigation application
center provide more than 1,000 mobile
terminals for rescue troops.
Using the terminals, rescue workers
continue to report back information from
the front lines of the disaster, which has
provided important information to support
the command headquarters for earthquake
relief, according to the satnav center. u
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from the ion historian, Marvin May

RADAR

and The Battle of Britain

St. Paul’s cathedral seen through the smoke of the London Blitz, 1940. Photo, Imperial War Museum, London.

T

he Battle of Britain, predicted by British Prime Minister Winston Churchill
at the time of the French-German armistice
in June, opened on July 10, 1940. Great
German aerial flotillas, wave after wave
of Heinkel and Junkers bombers accompanied by phalanxes of Messerschmitt fighters, began bombing coastal installations
and prepared for a cross-Channel invasion.
“The Fuhrer has ordered me to crush
Britain with my Luftwaffe,” German air
ION Newsletter

minister Hermann Goering told his generals. “By means of hard blows I plan to
have this enemy . . . down on his knees
in the nearest future.” But this enemy,
unique in Hitler’s experience to date,
declined to genuflect.
Against forbidding odds, the Royal Air
Force struggled to drape a ragged protective curtain of Spitfire and Hurricane
fighter planes over the British Isles. Aided
by the new technology of radar, which
14

gave advance warning of German bombing
runs and by the cracking of the top-secret
German “Enigma” codes, which provided
further intelligence about the tactics and
targets of the attackers, British Fighter
Command managed to keep the Germans
at bay through July.
This successful defense had actually
begun in the 1930’s, when American,
Dutch, German, and British scientists all
contributed to new techniques that used
Spring 2008

reflected radio waves to detect ships or
aircraft. But it was only in Britain, necessity being the mother of invention, that a
mass development of both the radars and
the controls systems needed to support
them was undertaken.
Force Multiplier
Shortly before the outbreak of World War
II, several radar stations known as Chain
Home (or CH) were constructed along
the south and east coasts of Britain.
This relatively primitive system was
formed from two 300-foot tall steel towers
strung with a series of antennas between
them. Typical operating conditions were:
3 Frequency — 20 to 30 megahertz
3 Peak Power — 350 to 750 kilowatts
3 Pulse Repetition Frequency — 25
and 12.5 pulses/second
3 Pulse Length — 20 microseconds

A second set of 240-foot tall wooden
towers was used for reception, with a
series of crossed antennas at various
heights up to 15’. Most stations had
more than one set of each antenna,
tuned to operate at different frequencies.
CH proved highly effective during the
Battle of Britain, and is often credited
with allowing the RAF to defeat the much
larger Luftwaffe forces. Whereas the

his bombers to penetrate the British air
defense, shifted his target to RAF airfields
in August 1940, and then to terrorbombing of London in September of that
year. Londoners soon named this phase
of the battle “The Blitz.”
By May 1941, the Germans had
resigned from the Battle of Britain and
started preparing for the attack on the
Eastern Front.

“The whole fury and might of the enemy must very
soon be turned on us. Hitler knows that he will have
to break us in this island or lose the war . . . Let us
therefore brace ourselves to our duty, and so bear
ourselves that, if the British Empire and
its Commonwealth lasts for a thousand years,
men will still say, ‘This was their finest hour’.”
— Winston Churchill, June 11, 1940

CHL (Chain Home Low) masts, WWII. Radar
Recollections, CHHiDE, Bournemouth University, UK
ION Newsletter

Luftwaffe had to hunt all over to find
the RAF fighters, the RAF knew where
the Luftwaffe bombers were, and could
converge all of their fighters on them. CH
was a “force multiplier” in today’s terms.
CH transmitting and receiving masts
were open, lattice network structures
and difficult to destroy. But, apart from
that, the Germans never fully understood
the crucial role of radar to the British
and, therefore, did not place the highest
priority upon its destruction.
Germany’s inability to exploit radar
technology contributed greatly to its
defeat in the Battle of Britain and its inability to accomplish Operation Sealion,
the planned invasion of the British
mainland.
Goering, frustrated by the inability of
15

G-Day
Subsequent advances in radio navigation
during World War II derived largely from
the development of radar pulse techniques. These transformed radar from a
navigational aid to a primary navigational
system for night and bad-weather flying.
For example, the Gee system — a LORAN
forerunner — arose from the need for an
accurate and reliable radio-navigational
system that depended on stations based in
England.
With Gee, Allied bombers could navigate over the continent with an accuracy
of a few miles, in any weather, and be
guided back to their bases with an accuracy of a fraction of a mile. The system
Battle continued on page 16
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Battle continued from page 15
was capable of handling any number of
aircraft, unaffected by weather and ionospheric conditions, and quite free from
interference.
Gee was designed in 1940 and came
into full use in the British Bomber Command in March 1942. The command’s
massed raids that year would have been
impossible without such an accurate
navigational aid to ensure concentration
of aircraft at the right time over their
targets. Ranges on the order of 450 miles
at 15,000 feet were obtained enabling
penetration deep into Germany.
The British planned to use Gee as the
main navigational aid for the conclusive
invasion of Germany, and to install it on
most kinds of aircraft and ships for accurate navigation and timing.
They were most concerned about
Germany’s intensive efforts to jam Gee.
The research staff at the wartime radar
establishment of the British Ministry of
Aircraft Production developed a successful antijamming method that involved

synchronizing five separate transmissions,
three in the two frequency bands already
used and one each in the new bands.
With this new battery of frequencies
— assisted by bombing raids on enemy
jamming stations — Gee worked marvelously on D-Day. Some have even suggested
that the occasion of the allied invasion of
German-held Europe should have been
called G-Day!
Winston Churchill paid tribute to the
Royal Air Force pilots in the Battle of
Britain with the oft quoted: “Never have
so many owed so much to so few.” Those
RAF pilots would count the engineers
and scientists who developed the early
radar and radar-based navigation systems
amongst the “few”; we can count ourselves amongst the “many,”
This article referenced R. A. Smith,
“Radio Aids to Navigation”, Cambridge
University Press, 1948
Marvin B. May is chief scientist of the
Pennsylvania State University’s Navigation Research and Development Center
in Warminster, He is the 2007 winner of
the ION’s Captain Weems Award. u

Corporate
Profile

Overlook Systems Technologies,
Inc., is a specialized professional technical services and engineering firm.
Overlook provides a wide spectrum of
timely, responsive, and cost-effective
engineering, professional, technical,
and programmatic services to government and commercial clients.
In particular, Overlook has extensive knowledge and experience in
all aspects of the Global Positioning
System (GPS) and Positioning,
Navigation and Timing (PNT) technologies, operations and applications,
as well as Electronic Warfare, Space
and Information Operations and Space
Control. We have numerous senior
personnel who are the leaders in GPS
development, operations and policy
formulation. We are committed to
providing the highest quality service,
on time and within budget.
Overlook has supported many
United States Government Departments and Agencies in the military,
civil and intelligence sectors and has
become recognized as a leading technical services and engineering provider
with in-depth, specialized expertise in
GPS and the space arena. Our core
competencies span the spectrum from
government policy and planning for
radionavigation systems, technical
support for future GPS architecture,
structuring and conducting system
tests and demonstrations, developing
and conducting technical and programmatic training, extensive knowledge
of the GPS Control Segment and
operation of the GPS Support Center,
Navigation Warfare implementation
and test, and support to intra- and
intergovernmental deliberations.

Radar Memorial at Worth Maltravers, UK, the site of radar development during World War II.

ION Newsletter

16

Spring 2008

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,
3975 University Drive, Suite 390, Fairfax, Virginia 22030.

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.

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

ION Newsletter

◆ 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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Navigation Novelties

What’s New in the PNT World?
to the monitoring station. The GPS-enabled
devices are water-, shock- and tamperresistant. And if the device stops working
— if the wearer even forgets
to recharge the batteries — back to jail
he goes.
We certainly hope this doesn’t catch on
with our boss.

Rice Rodeo

Mayan Temple at Caracol, Belize.

LIDAR Maps The Past
A University of Central Florida team will
use canopy-penetrating LiDAR remote
sensing to see what the largest and most
powerful Mayan city/state looked like
1300 years ago.
This is the most extensive use of the
technology in archaeology so far — and
will enable the anthropologists and
biologists on the team to map more of the
historic area in two months than they have
by more conventional methods in the past
24 years.
In this summer’s study of 177 square
kilometers of Caracol, Belize, a plane will
make a number of passes over the Maya
Classic Era site now completely covered by
dense rainforest and shoot signals to sensors on the ground.
The technology will simultaneously produce a complete map of the forest canopy
and surfaces below the canopy, which
include buildings, roadways and farming
ION Newsletter

terraces used by the 100,000 residents
between about 500 and 800 C.E.
The UCF team is being funded by a
$412,000 NASA and Space Research Initiative grant.

Horse Thieves —
21st Century Version

Five hundred thousand acres of flooded
California rice lands need to be planted this
season . . . and chances are, it’s a pilot in a
single-engine GPS-equipped barnstormer
who will do it.
Ninety percent of the state’s rice fields
are planted by air, according to a May 8
New York Times story, and GPS enables
them to drop seed within three feet of a
target. (It costs about $75,000 to buy the
plane, $18,000 for the GPS system).
Seeding is an aerial rodeo, with riceladen planes flying as low as 30 feet above
the fields and taking off and landing 100
times per day. But with global demand
rising and rice prices sky-high, the risk
appears to be worth it.

Manitoba has had it with their 20 worst
auto thieves. The province will stop feeding
them once they are out of jail, but otherwise intends to keep a close eye on the
repeat offenders.
In a pilot project costing $336,000,
this Dirty Quintile will be fitted with beltand-ankle tracking devices that tell law
enforcement where they are, where they
are supposed to be, where they work, and
how fast they’re driving.
The terms of their parole or probation
are programmed into the device, and if they
do anything else, the device sends a signal
18
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GPS and the Afterlife
Australians will find their loved ones via
PND in New South Wales’ first eco-cemetery, according to an April 20 article in the
Sun Herald.
Burials will take place in biodegradable
coffins marked by natural rock in groves of
eucalyptus in a koala sanctuary. The coordinates will be noted, and you can borrow
a GPS device from the management when
you want to visit the relatives. They promise
not to bury anyone else within five meters
of your site.
The idea is catching on in Australia and
the UK - better for the earth, and a little
easier on the pocketbook than traditional
funeral practices, advocates say. u

JSDE, ION to Co-Sponsor JNC 2009
T

he Joint Service Data Exchange (JSDE)
and The Institute of Navigation (ION)
will co-sponsor the Joint Navigation Conference (JNC) 2009. The conference will
take place June 1-4, 2009 at the Wyndham
Orlando Resort in Orlando, Florida.
In May 2008, the JSDE and ION entered
into an agreement to cosponsor the JNC
2009. The ION Council approved the Institute’s participation at its January meeting.
JNC 2009 will be the largest U.S. military
navigation conference of the year with joint
service and government participation. The
event will focus on technical advances in
guidance, navigation, and control (GN&C)
with emphasis on joint development, test
and support of affordable GN&C systems,
logistics, and integration.
The Joint Service Data Exchange (JSDE)
is a joint service–supported organization
with representatives from the Army, Navy,
Air Force, Draper Laboratory, and Penn
State University comprising its executive
board. JSDE is the only tri-service organization that focuses on GN&C topics. Additional information can be found on-line at
http://www.jointnavigation.org.
ION’s leadership believes that the coopION Newsletter

eration on JNC, as with the collaboration
with IEEE on the PLANS conferences, will
help diversify its meeting products. With
this agreement the ION now has a technical
event (the International Technical Meeting
— reclassified from “National” — in
January), one large international/commercial event (ION GNSS), and now a uniquely
military event (JNC). The JNC will provide
a service to the ION’s military/military
contractor members and help differentiate
our products.
Consequently, JNC 2009 will replace the
ION summer (annual) meeting. ION’s annual awards have been permanently moved
to the Institute’s January meeting.
For 2009, the co-sponsored JNC meeting will be “for official use only” (FOUO)
for the first two days with a classified session on the third day. All attendees for the
“for official use only” (FOUO) classified
sessions require approved visit requests.
Advance visit requests and approvals are
required for all attendees.
JNC 2009 attendance will be controlled
by the Joint Navigation Warfare Center and
will be restricted to: U.S. government, U.S.
government contractors, and allied person19
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nel from Australia, Canada, and the United
Kingdom. Foreign national participation
will be limited to citizens of the latter three
countries only.
This “4 eyes” restriction for the entire
conference, which may change in 2010,
applies to the entire conference: unclassified and classified sessions. Most of
the U.S. ION membership, which has a
substantial overlap with JSDE, should probably be able to get an appropriate sponsor
to attend this meeting if they wanted. Mikel
Miller, a member of the ION Council as
well as the JSDE Board, will serve as 2009
JNC program chair. Phil Simpson will be in
charge of the JNC 2009 tutorials.
Foreign national attendees will need to
submit a visit request to the Joint Navigation
Warfare Center thru their embassy channels. Foreign national visit requests must
be received in accordance with USSTRATCOM policy.
The ION Natonal Office will serve as the
point of contact for JNC 2009 registration
and general information. Lisa Beaty, ION’s
director of operations, is the coordinator
for JNC 2009 exhibits. u
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ION Member News and Notes

Section News and Notes
DAYTON SECTION. Preparations
continue for the 5th Annual
Robotic Lawnmower Competition,
to be held 5-8 June. Thus far we
have 11 entrants:
• Auburn University (Alabama)
Blades of Glory
• Case Western Reserve University (Ohio)
CWRU Cut
• Cedarville University (Ohio)
The Beast
• Université du Québec L’École Technologie
Supérieure (Canada)
Herbinator
• Miami University (Ohio)
Miami Redblade
• Ohio University (Ohio)
OU Blades of Glory
• Stanford University (California)
AL the Autonomous Lawnmower
• University of Evansville (Indiana)
UEzMoe2
• University of New Haven (Connecticut)
[Undecided]
• University of Waterloo (Canada)
TronMower
• Wright State University (Ohio)
Lawnbot

At the section’s March luncheon, Dr. Jade
Morton, Miami University, previewed work on
second-order ionospheric effects on GPS signals
that will be reported at ION GNSS 2008. Dualfrequency receivers can remove most of the
first-order iono error, and previous work relying on simplified electron density distributions
and mean geomagnetic fields has suggested
that higher-order errors would range from
about 2 to 10 cm. Dr. Morton, collaborating
with Professors van Graas of Ohio University
and Q. Zhou of Miami, used a comprehensive set of high altitude, time-varying electron density profiles collected over two solar
cycles using the incoherent scatter radar at the
Arecibo Observatory in Puerto Rico. She also
used the 10th generation of the International
Geomagnetic Field Reference model to compute
the needed B field vector for a given satellite
elevation and azimuth over Arecibo. The results,
when analyzed, showed errors as large as 2-3
cm could occur, both positive and negative,
depending on angle of signal arrival. The sign
differences will likely amplify errors in the GPS
position calculation.
In April, Mr. Randy Hartman of Honeywell
described the project “Tactical Underwater
Navigation,” work requested by the U.S. Marine
Corps and funded by DARPA. A team organized
by Honeywell developed a prototype system
that functions as a surface or underwater navi-

Above: Dr. Jade Morton and Mr. Boyd Holsapple at
the March luncheon.

gator, integrating a GPS receiver, an inertial
measurement unit, a solid state magnetometer, a pressure sensor and a multi-axis Doppler
velocity sensor. The system can also be used for
underwater surveying and mapping. In a typical
scenario, a two-man team would be launched
from a submarine several miles off shore and
approach in a TUN-equipped submersible to
covertly map a possible landing site. Results of
testing off Kaneohe, Hawaii, in the first phase
of the project were encouraging. The system
will be upgraded with a Honeywell HP1930
MEMS inertial unit and a military GPS receiver
in the future.
On May 16, the section will convene at the
Ohio University Avionics Engineering Center,
Athens, Ohio. u

For further information, please visit
www.ion.org/satdiv/alc/index.cfm. u
The Institute of Navigation, through the Dayton Section provides an
annual award to Ohio University to recognize a graduate student who
demonstrates excellence in navigation related activities. This year’s
recipient is Ph.D. Candidate Dean Bruckner. Dean has made outstanding contributions to pedestrian navigation in urban environments using
GPS as well as to aircraft precision approach technology for land-based
and sea-based operations. Dean has also been an active participant in local
and national ION activities. The award consists of a certificate and a $2,000
cash prize. u
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WASHINGTON SECTION. The
ION DC Section met at the NASA
Goddard Space Flight Center
(GFSC) on May 21 to elect officers,
tour a variety of spacecraft and the GFSC facilities,
and hear a presentation by GFSC manager Rivers
Lamb, “Navigating around the Moon,” discussing
the mission of the Lunar Reconnaissance Orbiter
(LRO) that NASA will launch later this year.
LRO is a robotic mission that will map out the
surface of the moon to prepare for future manned
flights. As for many other NASA missions, groundbased antennas will provide tracking, telemetry,
and control capabilities for the LRO spacecraft.
Range and Doppler tracking data will be sent
to the NASA Goddard Flight Dynamics Facility
(FDF), which performs navigation functions on
a daily basis.
Lamb serves as the LRO Flight Dynamics
Ground System Lead. As such, he is responsible
for the FDF’s support of all flight dynamics functions for LRO, including maneuver planning and
navigation.
In the DC Section election, the following
officers were chosen to serve for the coming
year: chair, Chuck Schue, UrsaNav; vice chair,
John Carl Adams, NASA GSFC; secretary: Chris
Varner, ARINC; and treasurer: Karen Barker, U. S.
Department of Commerce. u

Alberta Canada SECTION.
The ION Alberta (Canada) section
held five mid-day meetings during the past year. Taking place
at the University of Calgary’s Schulich School of
Engineering, meetings have typically attracted
between 25 and 40 attendees.
Recent meetings, topics, and featured speakers include the following: January 25, “The ‘New’
Hemisphere GPS, Phil Gabriel, vice-president &
general manager, Hemisphere GPS; February 1,
“Low-Cost Integrated INS In Applications: TeKnol
Ltd Activities,” Oleg Salychev, TeKnol Ltd, Moscow,
Russia; April 17, “Acquisition of Composite GNSS
Signals,” by Daniele Borio, Politecnico di Torino/
University of Calgary.
The section continues to sponsor a CN$1,000
bursary for an undergraduate student enrolled
in the geomatics engineering program at the
University of Calgary and another CN$1,000 scholarship for a graduate student enrolled in the
program. The university handles selection of the
students receiving the awards, with input from
the ION section.
In addition, four scholarships are sponsored
directly by The Institute of Navigation.
This year’s schlarship recipients are Jacky Chow,
ION Undergraduate Bursary; Lindsay McEachern,
ION Alberta Chapter Undergraduate Bursary; Chris
Goodall and Ahmad Moghaddam, ION National
Graduate Award I; Cécile Mongrédien. ION
National Graduate Award II; and Aiden Morrison,
ION Alberta Section Graduate Award.u

Southern California
SECTION. Recent meetings
of the ION Southern California
Section have featured lectures
addressing aviation-related topics.
On March 11, 2008 Frank Boon of
Septentrio nv, a Belgian GNSS manufacturer,
talked about the probability computation
algorithm for Galileo hazardously misleading
information (HMI) at the offices of Raytheon
Company in El Segundo, California. Twenty
members attended the meeting.
On April 23, 2008, Per Enge, an engineering professor and director of the GPS Research
Laboratory at Stanford University, presented a
talk entitled “Modernized GPS for Worldwide
Vertical Guidance of Landing Aircraft.”The meeting took place at the offices of The Aerospace
Corporation in El Segundo, California, with 37
members in attendance. u
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Storm continued from page 1
According to researchers at Cornell
University’s GPS Lab, during sunspot maximum, the solar magnetic field is destroyed
in solar flares, giving up its energy in solar
ultraviolet (uV) light, x-rays, energetic particles (MeV protons), coronal mass ejections
(CMEs), and a “stormy” solar wind. Some
larger flares produce SRBs of broadband
noise in the RF spectrum from 10 MHz to10
GHz that may directly affect GPS receivers
on the dayside of the earth facing the sun.
GPS L1 is centered at 1,575.42 MHz and
GPS L2 is at 1,2276 MHz.
The average solar ultraviolet increases
substantially at solar maximum. Because
solar uV produces the ionosphere by direct
ionization, the ionosphere is denser and
thicker during solar maximum, which
means, among other things, that the integrated electron density — known as the
total electron content (TEC) — increases
along the GNSS signal path.
Variations in TEC affect the amount of
group delay or phase advance in GNSS signals propagating through the ionosphere.
As measured in TEC units (TECU=1016
electrons/m2), each TECU produces about
16 centimeters of code delay or range
error.
Scintillations are produced by signals
scattered in the ionosphere that add in a
phase-wise sense at the receiving antenna,
causing both amplitude increases and
amplitude decreases.
In the words of a Cornell University
white paper, “A Beginners Guide to Space
Weather and GPS,” these “ionospheric
irregularities are like a ‘picket fence’
moving across the sky, interrupting the GPS
signal and producing a time-varying signal
amplitude.”
Air Navigation Concerns
With these phenomena as a backdrop, the
National Weather Service (NWS) Space
Weather Prediction Center (SWPC) hosted
the second Space Weather Enterprise Forum to help the NWS refine its roadmap for
future space weather products. Then, on
May 22–23, the National Research Council
sponsored a workshop on the “Societal
ION Newsletter

Both code and phase ranging errors are created by signal propagation throughout the ionosphere. If ionospheric density
irregularities exist, the signals are scattered, producing amplitude scintillations. (Cornell University GPS Lab graphic.)

and Economic Impacts of Severe Space
Weather Events.” Both meetings were held
in Washington, D.C.
At the NRC Space Weather Workshop
Tom McHugh, technical director of the
Federal Aviation (FAA) Wide Area Augmentation System (WAAS), discussed the
vulnerabilities of aviation to space weather.
His list of vulernabilities included the
following: loss of accuracy and integrity
(satellite signal health alerts) for augmented and non-augmented single-frequency
GPS users, loss of service availability to all
GPS users during extreme events, radio
frequency interference (RFI) from the RF
component of solar flares, simultaneous
loss of reception on many or all GPS due
to scintillation, loss of oceanic position
reporting using high-frequency communications data links, and disruption of the
national power and telecommunications
infrastructure.
At the SWPC forum, Mitchell Narins,
chief systems engineer in the FAA’s Navigation Services branch, offered an aviation
perspective regarding space weather effects
on air navigational services. Focusing on
WAAS, Narins said that the ionospheric
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presents the largest limitation to vertically
guided service.
Noting the experience with a muchstudied solar storm October 29-30, 2003,
he said that WAAS endured a 30-hour
outage during the storm — but only for the
vertical component of positioning. Horizontal guidance was continuously available,
and the WAAS integrity was maintained
throughout the event for all users, according to Narins.
Looking ahead, Narins said the addition of a third GPS civil signal in the L5
aeronautical radionavigation service band
at 1176.45 MHz is expected to improve the
situation for several reasons. First, L5 is
separated from the L1 GPS band by almost
400 MHz. The L5 signal structure, including a faster data rate, should provide better
reception. And, finally, dual-frequency (L1/
L5) receivers will allow users to estimate
ionospheric delays directly using so-called
“wide-laning” techniques and not have to
depend upon a model broadcast by WAAS.
As for enhanced Loran (eLoran), which
was recently accepted by the Department
of Homeland Security as a backup for GPS,
solar storms create a different problem
Spring 2008

— the lowering of D/E/F layers in the
ionosphere that reflect radio waves back
toward the Earth. In turn, this can cause
the multiple Loran skywaves to arrive at receivers at different times and more quickly
than the more accurate groundwave that is
used for Loran positioning.
The FAA currently is studying how
and to what extent eLoran PNT service
capability should be utilized by aviation.
An early skywave warning mechanism is
being incorporated into the eLoran signal
structure. However, the solution may be
for equipment not to use signals from
Loran transmitters farther than 500 miles
from a user’s current position in order to
eliminate the possible use of skywave in a
position fix.
Issues for Land Applications
Another user perspective came from Lee
Ott, chief scientist for OmniSTAR Inc., a
commercial satellite-based differential
correction service that offers a satellite
status/space weather update through its
website.
He noted that the 2003 flare event and
corona mass ejection (CME) produced
a mid-latitude aurora and significant
single- and dual-frequency GPS positioning
anomalies worldwide. In the Gulf of Mexico, where OmniSTAR supports extensive
customer operations, the problems were
limited to single-frequency GPS users.
Ott suggested that users need a multilevel set of space weather information
services for the next solar cycle, including
scintillation predictions (Problem Regions
and likelihood of expected daily repeatability), improved CME estimates (velocity,
estimated time of arrival, geomagnetic
storm level), radio burst “nowcasting”
(frequency spectrum alerts, estimated
duration, expected region affected), and
advice on the combined effects of various
solar storm phenomena on GPS operation.
The 2003 “Halloween Storm” and a
solar flare in December 2006 demonstrate
that solar flare events are not limited to solar max. According to a Cornell analysis, the
December 2006 event produced “unprecedented” fades in received GPS signal power
at L1 and L2 over an extended period.
ION Newsletter

Numerous reports appeared of highquality, dual-frequency GPS receivers losing
lock on satellite signals during the incident,
although ironically some single-frequency
C/A-code receivers appeared to do better
during the solar event. Receiver “failures”
included many at International GNSS Service
(IGS) sites and an FAA WAAS receiver in
Houston Texas, according to the Cornell
report.
Coming as it did during the relatively
quiet interval between sunspot peaks, the
magnitude of the recent event was doubly
surprising. It also underlines the question
of whether the new GNSS system developments under way with GPS, GLONASS,
Galileo, and Compass will occur in time to
improve the situation for users. And whether the new signal designs and planned
improvements in satellite operations will
ameliorate the effects of SRBs.
Among the critical new activities that
SWPC wants to implement is development
of precision GPS forecast and correction
tools, according to SWPC director Thomas
Bogdan. By 2014, the SWPC expects to be
able to provide long-term forecasts (one
to three days) of geomagnetic storm and
ionospheric disturbance probabilities,
short-term regional and global forecasts
(less than a day) of geomagnetic storms,
and nowcasts of geomagnetic activity and
ionospheric disturbances.
On April 16 a U.S. Air Force team
successfully launched the Communication/Navigation Outage Forecasting System
(C/NOFS), an experimental satellite
designed to monitor the ionosphere and
predict conditions that would disturb radio
communications, including GNSS signals.
The low‑earth‑orbiting C/NOFS follows an equatorial track, providing data
from regions in which space weather is
particularly turbulent. The U.S. Department
of Defense will use information provided
by C/NOFS to forecast scintillation‑caused
communication outages from satellites to
military personnel, allowing them to plan
operations accordingly.
A GPS receiver that will sense ionospheric conditions using occultation
techniques is among the six‑sensor suite
carried by the spacecraft. u
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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
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
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
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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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Exhibit spaces go fast, reserve today!
Early Registration & Advance Hotel Reservation Date: August 25
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