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he Galileo Market Observatory assessed
the demand for GNSS and Galileo across
96 different navigation applications within
the mass market, professional and safety-oflife market sectors.
This Galilei market analysis has made
a significant advance to the understanding of the Galileo markets and market size
forecasts by:
• Reversal of the earlier view that Galileo
and GPS would be competing for a share
of the market. It is currently widely
accepted that, for open access services at
least, the default receiver will be a combined GPS and Galileo receiver.
• Confirmation of the growing size and
importance of mass market applications
for vehicles and mobile phones based
upon the Galileo Open Service. These will
far exceed the professional application
markets currently the largest.
• Removal of the uncertainty about the
location technology likely to be used for
mobile phones. It is clear that in response
to the US Federal requirements for identifying the location of emergency calls
(E911), assisted GPS (A-GPS) turned out
to be the technology of choice once the
receiver chips were on the market. Multimode chips that are suitable for use with
European GSM phones are now available.
• The importance of developing a Galileo
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The Institute of Navigation

avigation is both an art and a science,
demanding creative thought and concentrated study. So how can our community
foster interest in navigation and encourage
the development and participation of the
next generation of leaders? By providing tools
and techniques that fire the imagination of
today’s young people and help them become
acquainted with this fascinating field. It was
just that goal that led the Satellite Division
of the Institute of Navigation to sponsor the
University of Colorado’s Integrated Teaching
and Learning (ITL) program.
The ITL has developed 10 standardsbased navigation lessons with associated,
age-appropriate hands-on activities and
applicable tools for educators and students.
The development of these lessons is part of a
larger K-12 engineering curriculum development initiative currently underway by ITL.
Targeting middle-school students, the lessons can be used by teachers on their own or
with the help of an ION member volunteer.
They can be used in the classroom or as part
of a club or outreach program. Each lesson
includes motivation for the students, background material for the teacher or mentor,
hands-on activity descriptions and workshops, and additional tips and resources.
The ITL program is guided by the vision
statement:
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From the ION Executive Fellow
A Column By Bill Klepczynski

Bill Klepczynski

Starting at State

T

he Institute of Navigation has inauguof the U.S. government’s budget.
rated the position of Executive Fellow.
For the most part, Congressional Fellows
It is somewhat similar to the Congressional
have a more challenging time finding
Fellow position that the ION® has sponsored
placement than do Executive Fellows. The
the last few years. The role of the Executive
Congressional Fellow has to find a represenFellow is to provide and be a
tative or senator who is willsource of technical assistance
ing to supplement their staff
to the Executive Branch of our
As the importance
with someone who may not
government.
be from their home district
To prepare for this role,
of science and tech- or state but has an excellent
all fellows undergo a rigorbackground in S&T. On the
ous two-week orientation
nology becomes
other hand, the Executive
program that is conducted by
Fellow is assisted through
the American Association for
more pervasive,
the guidance and knowledge
the Advancement of Science
that resides with the ION
(AAAS). The orientation
the AAAS Science
technical director and the
provides essential facts about
ION council. Through their
Congress and the executive
Fellowship Program contacts at ION meetings,
branch and helps define the
these individuals are able to
role of a fellow.
takes on a more sig- provide the names of several
The two-week period
executive branch offices in
includes lectures by a variety
nificant function.
need of assistance.
of senior persons currently
Because of my backinvolved in science and technolground in GPS, Time &
ogy (S&T) policy within our government and
Frequency (U.S. Naval Observatory and the
are held in a wide sampling of government
Naval Research Laboratory) and the Wide Area
and private buildings and offices within the
Augmentation System (WAAS) of the FAA, the
Washington metropolitan area. In a short
choice of where to go was easy for me. Of the
period of time, you get to know a great deal
possible offices that had expressed an interof where and what is happening with regard
est in participating in the Executive Fellows
to S&T policy.
Program, the position within the U.S. State
Department’s Bureau of Oceans, International
Importance of S&T Policy
Environmental and Scientific Affairs (OES),
As the importance of science and technology
Office of Space and Advanced Technology
becomes more pervasive within our society,
(SAT), seemed most interesting to me.
I believe the AAAS Science and Technology
Through attendance at ION meetings, I
Policy Fellowship Program takes on a more
had become somewhat familiar with the work
significant function than it has in the past.
of Ralph Braibanti, the head of SAT. I knew
The latest developments in science and techthat SAT was involved with nurturing and
nology are becoming more and more a part
promoting the use of GPS among our allies
of our daily life and are being incorporated
and underdeveloped countries. After finishing
into it more quickly than ever before. Most
my two-week indoctrination (unfortunately
importantly, it is becoming a significant part
it caused me to miss ION GPS/GNSS 2003),
IO N Ne w s l e t t e r
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The Purpose of The ION®
The Institute of Navigation, founded in 1945,
is a nonprofit professional society dedicated
to the advancement of the art and science
of navigation. It serves a diverse community
including those interested in air, space, marine,
land navigation and position determination.
Although basically a national organization, its
membership is worldwide, and it is affiliated
with the International Association of
Institutes of Navigation.
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President: Larry Hothem
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Western Region Vice President:
Dan Crouch
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John Lavrakas
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How to Reach The ION
Telephone: 703-383-9688
Facsimile: 703-383-9689
Web site: http://www.ion.org
E-mail: membership@ion.org

ION National Office Staff
Director of Operations: Lisa Beaty
Technical Director: Carl Andren
Assistant to the Technical Director:
Miriam Lewis
Meeting Services/Author Liaison:
Connie Mayes
Member Services/Registrar: Wendy Hickman
Graphic Designer/Copy Editor: Paula Danko
Information Systems: Rick Buongiovanni

I started to realize the full impact that Ralph
Braibanti and his staff have on navigation
policy and the promotion of GPS.
The very first meeting I attended gave me
a broad overview of the range and scope of
what lies ahead. This meeting was a plenary
meeting on the discussions to develop an
agreement between the United States and the
European Community on the promotion,
provision and use of Galileo and GPS satellite
based navigation systems. While this is only
one phase of the work being carried on by
SAT, it is indicative of its activity.
I am sure that my tenure as ION Executive
Fellow will be marked by a wide variety of
interesting and challenging tasks. 
Fall 2003

reaching out!
By Jim Arnold

Jim Arnold

Students Use NDGPS
To Map Hiking Trails

T

raditional global positioning systems
use satellite transmissions to provide
information about the specific location of an
object within 4 to 20 meters (13 to 65 feet).
This level of accuracy, however, is insufficient for some transportation purposes, such
as developing collision avoidance systems
and providing in-route vehicle guidance.
In 1993, the Federal Highway
Administration (FHWA) and several
other agencies collaborated to create the
Nationwide Differential Global Positioning
System (NDGPS), which provides location
information within 1 to 3 meters (3 to 10
feet). Already recognized as a valuable tool
for transportation engineers and planners,
NDGPS recently proved useful to students
at an environmental education center who
were conducting a mapping project in
Maryland’s Catoctin Mountains.
Learning By Doing
In April 2003, researchers from the
FHWA Office of Operations Research and
Development taught students visiting
ThorpeWood, an environmental center
located on a 44-hectare (110-acre) nature
preserve in Thurmont, Maryland, how
to use NDGPS to survey and map a hiking trail near the center. By helping the
students, FHWA demonstrated its ongoing
commitment to environmental stewardship
and helped train the youngsters that may
become the next generation of transportation professionals.
When the mapping project is complete,
FHWA and ThorpeWood plan to use NDGPS
to plot the location of threatened and endangered plants on the property. These activities
will help ensure that future development in
the area does not encroach on valuable habitat. Staff at ThorpeWood also will save time
in the future when they develop other hiking
IO N Ne w s l e t t e r
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trails because they will know where to locate
the pathways to avoid endangered species
and land belonging to other owners.
Other NGDPS Uses
In addition to ThorpeWood, several Federal,
State, and local agencies are using NDGPS
for nontransportation purposes. The
National Weather Service, for example,
uses NDGPS to improve the accuracy of its
forecasts and minimize the distortion caused
by water vapor during transmissions from
traditional GPS systems. In the future, police
agencies anticipate using NDGPS to enhance
911 systems by providing more accurate
information about the location of incidents.
NDGPS works by comparing the location
calculated from traditional GPS satellite
to the location of a reference station. The
system then transmits information regarding the difference between the satellite
derived position and the reference station to
a nonstationary receiver held by a user. The
receiver uses the information to calculate
its exact location. In addition to increased
accuracy, NDGPS can provide location information anywhere in the country, including
places where most GPS systems are considered unreliable, such as urban and natural
canyons or under tree canopies.
For more information about NDGPS,
visit www.tfhrc.gov/its/ndgps.
—Jim Arnold is a research electronics engineer with the Federal Highway
Administration. As a technical expert for
radionavigation applications for land
transportation, he works with numerous
organizations, including railroad; federal, state and local highway; transit; and
defense. Arnold is involved in the deployment and modernization of the NDGPS
network.
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Joint Statement
Between the
European
Commission
and the United
States
The European Commission (EC) and
the United States held productive talks
the week of 17–21 November in The
Hague, the Netherlands, where the
Parties bridged several outstanding
issues regarding the EC’s Galileo satellite navigation system and the U.S.
Global Positioning System (GPS). Most
significantly, in view of national security and performance considerations, the
parties identified a mutually acceptable
modulation for Galileo Public Regulated
Service. In regard to the second part
of the package, concerning the Galileo
Open Service the Parties noted that the
technical discussions have made progress
in clarifying differences. Further discussions are foreseen.
Heinz Hilbrecht
Head of the EU Delegation
Ralph Braibanti
Head of the U.S. Delegation
Fall 2003

CALENDAR

Portney’s Corner

JANUARY 2004
26–28: ION National Technical
Meeting; Catamaran Hotel; San
Diego, California
Contact the ION®
Tel: +1 703-383-9688
Fax: +1 703-383-9689
Web: www. ion.org

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

Joe Portney

MARCH 2004
10–11: Civil GPS Service
Interface Committee (CGSIC),
Washington, D.C.
Contact: Ms. Rebecca Casswell
USCG Navigation Center
Tel: +1-703-313-5930
Fax: +1-703-313-5805
E-mail: rcasswell@navcen.uscg.mil
23–25: Munich Satellite
Navigation Summit
Tel: +49-89-6004-3019
E-mail: info@munich-satellite-navigation--summit.org
MAY 2004
16–19: The European Navigation
Conference 2004, Rotterdam
Contact the Netherlands Institute of
Navigation
Tel: +31-10-498-75-18
Fax: +31-10-452-34-57
Web: www.nlr.nl/nin
16–21: RTCM Annual Assembly,
Tradewinds, St. Petersburg,
Florida
Contact: Mr. Robert L. Markle
Tel: +1-703-527-2000
Fax: +1-703-351-9932
E-mail: rmarkle@rtcm.org
Web: www.rtcm.org
24–26: 11th Saint Petersburg
International Conference on
Integrated Navigation Systems;
Elecktropribor, St. Petersburg,
Russia
Contact: Dr. George T. Schmidt
Tel: +1-617-258-3841
E-mail: ed@draper.com
Web: www.elektropribor.spb.ru
JUNE 2004
7–9: The ION® Annual Meeting,
Co-sponsored by the AFIT and
AFRL, Dayton, Ohio
Contact the ION®
Tel.: +1 703-383-9688
Fax: +1 703-383-9689
Web: www.ion.org
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n early morning jogger in the northern mid-latitudes notes the passing of
the winter solstice (the longest night and the shortest day of the year). He
is perplexed to observe that as the days begin to get longer, the latest sunrise
occurs about two weeks later. Why? Select the best answer.
A. Precession of the equinox delays the emergence of the earlier sunrise after
the winter solstice.
B. The interaction of the rates of change of the equation of time (the difference between mean solar time and apparent solar time) and the Sun’s
declination is the significant factor for the delay in the arrival of earlier
sunrise.
C. The Earth traveling faster in the winter than the summer makes winter and
summer unequal in length, contributing to the delay in the arrival of earlier sunrise immediately after the winter solstice.
D. If the effect of refraction, the semi-diameter of the Sun, and the height of
the observer are considered, earlier sunrise would occur.

Portney, continued on page 6
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Galileo, Modernization, Civil Signals—

CGSIC Taps

SPACE SYSTEMS
FINLAND

HOT-BUTTON Issues
M

onitoring of GPS civil signals,
GPS’s relationship with Europe’s
Galileo system, and investigation of a
new civil signal at L1 drew the attention of attendees at the Civil GPS Service
Interface Committee (CGSIC) meeting
earlier this week.
Ralph Braibanti, director of the
State Department’s Office of Space and
Advanced Technology, described the negotiations with the European Commission
(EC) to ensure the compatible and
interoperable coexistence of GPS and
Galileo. In recent months, a European
proposal to overlay the Galileo Public
Regulated Service (PRS) on a part of the
L1 band where the United States plans to
put its new military M-code has created
considerable concern.
A two-day meeting on a classified
basis with the EC team in London last
week went over the U.S. navigation
warfare plans in greater detail than past
discussions. “After last week, I think
we’ve made a lot of progress in at least
convincing them that there’s a serious
problem [with a PRS overlay] that we
need to solve together,” Braibanti said.
He added that the negotiators hope to
reach agreement by the end of the year
on most major issues, which would
coincide with Europe’s deadline for finishing the design on Galileo satellites.
The agreement presently being discussed would only extend through the
design and validation phase that concludes with the deployment of Galileo’s
IO N Ne w s l e t t e r

Corporate
Profile

30 satellites (with a current target
date of 2008), according to Braibanti.
Meanwhile, the two sides are discussing a
process to shape an agreement for cooperative activities between GPS and a fully
operational Galileo.
Tom Nagle, the U.S. Department of
Transportation representative at the GPS
Joint Program Office (JPO), told the
CGSIC audience that JPO has decided
to exercise an option for monitoring
current and future civil signals as part
of its contract with Boeing Corporation
to modernize the GPS ground control
segment. Currently, the U.S. Air Force
operators of GPS only monitor the
P/(Y)-code signals. Under the current
schedule, a system for civil monitoring
would be in place by 2007.
Jason Kim, a senior policy analyst
in the U.S. Commerce Department’s
Office of Space Commercialization
and a member of the Interagency GPS
Executive Board (IGEB) executive secretariat, described the reorganized interagency (civil/military) requirements
process for GPS modernization. Kim
also enumerated the projects that the
IGEB will finance with its GPS “stewardship” funds, including a study on the
possibility of a new civil signal at L1 and
a GNSS market analysis.
—Reprinted from the Sept. 11,
2003, issue of the ION GPS/GNSS Show
Daily, as written by Glenn Gibbons,
Editor in Chief, GPS World
5

Space Systems Finland is one of
Europe’s leading space applications software providers. Since
its formation, over ten years ago,
Space Systems Finland has been
providing high reliability software
solutions for many of Europe’s most
ambitious space missions. Over the
years, their business has expanded
to cover other markets such as telecommunications and navigation.
SSF´s innovative NAVIndoor
solution is a versatile system that
extends the usage of satellite based
positioning methods into environments where the GPS signal coverage
is weak. NAVIndoor can be used both
as a complement to GNSS or as a
stand-alone system in environments
where GNSS signals are not available.
These environments include urban
and indoor areas where consumers
spend 95 percent of their time, as
well as large industrial facilities.
The NAVIndoor technology enables
GNSS-like navigation and location
detection solutions e.g. in warehouses, urban street canyons, public
buildings, etc., which have been so
far out of reach for the GPS system.
The NAVIndoor consists of
several synchronized pseudolites
that transmit a GPS-like navigation
signal and a control station that is
used to monitor and to synchronize
the pseudolites. There are no technological limitations for the number
of receivers utilizing the generated
signal. The same signal generation system can easily, without any
reinstallations, serve a scalable
number of end-users and there
are no limitations on the number
of applications using the location
information.

Fall 2003

Portney’s Corner from page 4

And the Answer is B

At the winter solstice, the Sun has reached its maximum
southerly declination and begins to return northward with a
lengthening of the day and shortening of the night. The change
is very gradual at this time (at the solstice it is zero). The time of
sunrise is influenced by two factors: the equation of time and the
Sun’s declination. The difference in time of the mean Sun and
the apparent Sun is known as the equation of time. The path of
the apparent Sun is in the ecliptic, a plane tilted with respect to
the equinoctial (the plane of the Earth’s orbit) at 23.5 degrees.
Time measured by the apparent Sun exhibits a variable rate. That
is why the fictitious mean Sun was created and travels in the
equinoctial plane at a constant rate each day making its yearly
circuit in the same time as the apparent Sun. Thus, the projection
of the apparent Sun’s path on the equinoctial in daily increments
is variable. During the winter solstice, the rate of change of the
equation of time is at a maximum (with the true Sun going from
a fast to a slow mode) and the sun’s declination change is minimum. These opposing effects account for the lag in the arrival of
the earlier sunrise until early January. In summary, the declination of the Sun governs the length of the day and night during
the course of the year. But the interaction of the rate of change of
the equation of time with the rate of change of the declination of
the Sun governs the time of sunrise (as well as sunset) with the
equation of time having the dominant influence at this time. This
phase difference between the two components accounts for the
earliest sunrise occurring a week before the summer solstice and
the latest sunset occurring a week after the summer solstice. The
graphs of the equation of time and the declination of the Sun are
shown in Figure 1.

IO N Ne w s l e t t e r
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RTCA Corner:
Special Committe e - 159
GPS Report
The 62nd meeting of SC-159, scheduled for Sept. 19,
was postponed due to hurricane Isabel that closed the
federal government and other facilities in Washington,
D.C. Working Groups 1, 2, 2C, 4 and 6 met and completed most Agenda objectives.
Next Meeting: January 12–16, 2004
Chair: Larry Chesto, Consultant
Vice Chair: George Ligler, PMEI
Secretary: Young Lee, The MITRE Corporation
Program Director: Harold Moses, RTCA, Inc.
Global Positioning (SC-150) Working Group
activities included:
WG-1, 3rd Civil Frequency, continued discussions
on L5 signal specifications and plans to revise DO-261.
WG-2, GPS/WAAS, received updates on the WAAS
and Galileo systems. Multiple issues associated with
the planned revision to DO-229C were discussed. They
included: tropospheric error, false alert FDE probability, the tropospheric model, wideband pulse interference
and iono/smoothing filter/code-carrier divergence.
WAAS L5 developments applicable to DO-228 and the
Signal and Data Specifications were addressed.

DETAILS AT
WWW.ION.ORG

WG-2C, GPS/Inertial, reviewed possible equipment
classes related to the development of a Technical
Standard Order (TSO) for GPS/Inertial receivers.
WAAS super truth data plots and observations were
presented. An overall goal is to develop requirements
and test procedures for tightly integrated GPS/Inertial
systems for Selective Availability (SA) OFF conditions.
WG-4, GPS/LAAS, received an update on the FAA
LAAS Program, the ICAO GNSS Panel status and the
activities of EUROCAE WG-28. Topics included the
LAAS MASPS, Category II/III requirements developments and terminal area path issues.
WG-6, GPS/Interference, continued work on the L5
Interference Report. Draft modifications to key chapters and associated appendices were reviewed.
Working Groups 1/2/6 met in joint session to discuss
common L5 RFI issues. Topics included a high altitude
pulse environment simulation update, a critical satellite
analysis for high altitude acquisition/track, strawman
receiver model processing thresholds, the L5 onboard
pulse environment and take-off guidance issues.
RTCA, Inc. is a private, not-for-profit corporation that
develops consensus-based recommendations regarding
communications, navigation, surveillance and air traffic
management (CNS/ATM) system issues. RTCA functions as
a federal advisory committee. Its recommendations are
used by the FAA as the basis for policy, program and regulatory decisions, and by the private sector as the basis for
development, investment and other business decisions.

IO N Ne w s l e t t e r
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A Special Report: ION GPS/GNSS 2003
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ION GPS/GNSS 2003

Johannes Kepler
Award Winner
TOM STANSELL is a pioneer
of satellite navigation and likely
holds the record for the longest,
continuously productive career in
satellite navigation and positioning where he has served the satellite navigation community over a
43-year career.
Tom began his career in
1960 when he joined the Johns
Hopkins University Applied
Physics Laboratory where he was
assigned to the Navy Navigation
Satellite System development
program. He led the team that
developed the first integrated
Tom Stansell
microcomputer based satellite
For his sustained and significant
navigation receiver. He also led
contributions to satellite navigation
the team that developed the first
microcomputer-based Doppler
survey instrument, also called Geoceiver, the primary instrument employed by
the Defense Mapping Agency for nearly two decades.
In the 1980s, he directed the transition of Magnavox’s commercial satellite navigation and positioning technologies and products from Transit to GPS.
Among other products, this included the first truly portable GPS survey products,
the first semi-codeless tracking of L2, and the first all digital GPS receiver architecture. He led Magnavox (and later Leica’s) development of miniature GPS
survey receivers, pioneered precise and real-time GPS control of earth moving
machinery and received patents for multipath mitigation techniques.
He was a designer of satnav receivers and the first to deliver the first fully
functional, multichannel GLONASS receivers available anywhere.
He has played a key role and contributed crucial ideas to the design of all
new signals: L5, L2C and M-code. In this role, he was appointed by the JPO to
lead a team to design the new civil signal on L2; an effort which eventually led
to him being recognized by the JPO with its 2002 GPS Navstar Award.
Stansell has also served The Institute of Navigation as an ION GPS meeting
program and general chair, he is an ION fellow and has received numerous
industry awards.
Today he is still an influential GPS consultant advising the GPS Joint
Program Office on modernization issues.
IO N Ne w s l e t t e r

Gaylord Green (right) of Navastro Company and colleague at the Boeing booth showing the original Raytheon X-set receiver used to test the GPS concept on the ground
as well as the commercial atomic clock on which the Boeing Company modeled its
onboard rubidium atomic clock.

Thank You ION GPS/GNSS Program Committee for a Job Well Done.
Pictured above from left to right: Dr. Charles Dixon, EADS Astrium, U.K.; Dr. Anna Jensen, The Technical
University of Denmark; Dr. Maarten Uijt de Haag, Ohio University; Dr. A.J. Van Dierendonck, AJ Systems;
Karen Van Dyke, U.S. Dept. of Transportation Volpe Center; Dr. Chris Hegarty, The MITRE Corporation; Prof.
Brian O’Keeffe, University of Canberra, Australia; Dr. Richard Langley, University of New Brunswick, Canada.

Above: ION GPS/GNSS 2003 Plenary Panel (from left to right): Wilfried Bornemann, Member of the Board, Galileo Industries; Rainer Grohe; Executive Director,
Galileo Joint Undertaking; Col. (BG Select) Larry James, Deputy Director of Operations for Air Force Space Command; Rob Conley, Panel Moderator, Overlook
Systems Technologies; Charles Trimble, Chairman, GPS Industry Council; Ray Swider, DoD, OASD C3, Space Systems; Mike Shaw, DOT, Director, Radionavigation and
Positioning.
Below: Fourteen of the 15 ION GPS/GNSS 2003 student winners who received travel grants to present their selected papers appear below. Congratulations all!
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ION GPS/GNSS 2003: Best Presentation Awards

T

he Satellite Division of the Institute of Navigation traditionally recognizes the best presentation given in each session. Recipients are selected by the session’s co-chairs. The
criteria used to evaluate each presentation is as follows:

Session A1: Marine
Applications and Tools
Experimental Verification of InternetBased Global Differential GPS: M. O.
Kechine, C.C.J.M. Tiberius, H. van der
Marel, Delft University of Technology, The
Netherlands

Session C2: Land Applications 2
The Use of Ground-Based Laser
Scanners, GPS and Digital Cameras
to Rapidly Create 3D Virtual Models:
X. Xu, C. Aiken, Center for Lithospheric
Studies, University of Texas at Dallas; B.
Neubert, RealEarthModels LLC

Session B1: Receiver Technology 1
A Prototyping Platform for Multi-Frequency GNSS Receivers: D. M. Akos,
A. Ene, Stanford University; J. Thor, Luleå
University of Technology, Sweden

Session D2: Algorithms
and Methods 1
A Simple RAIM and Fault Isolation
Scheme: R. Hatch, T. Sharpe, Y. Yang,
NavCom Technology, Inc.

Session C1: Land Applications 1
Evaluation of Positioning Service Level
for Intelligent Transportation Systems
in Urban Area Using A Simulation
Tool: Y. C. Suh, Y. Konishi, T. Hakamata, R.
Shibasaki, Center for Spatial Information
Science, The University of Tokyo, Japan

Session E2: Aviation Applications 1
GPS Align in Motion of Civilian
Strapdown INS: D. Weed, J. Broderick,
J. Love, T. Ryno, Honeywell Commercial
Aviation Products

Session D1: Atmospheric Effects 1
Statistical Analysis of GPS Ionospheric
Scintillation and Short-Time TEC
Variations Over Northern Europe: F.S.
Rodrigues, M.H.O. Aquino, A. Dodson, T.
Moore, S. Waugh, IESSG, The University of
Nottingham, U.K.
Session E1: GNSS Status, Operation and Control and Spectrum
Management
Assessment of the Proposed GPS
27-Satellite Constellation: P. Massatt,
F. Fritzen, The Aerospace Corporation; M.
Perz, GPS Joint Program Office/GPE
Session F1: Integrated
Navigation Systems 1
Improving INS/GPS Positioning
Accuracy During GPS Outages Using
Fuzzy Logic: M.M.R. Taha, Stantec
Consulting Ltd., Canada; A. Noureldin,
Royal Military College of Canada; N. ElSheimy, The University of Calgary, Canada
(All: Multi-sensor Research Group, The
University of Calgary, Canada)
Session A2a: Galileo Status,
Plans, Legal and Finance
Building an Optimum Public-Private
Partnership for Galileo: R. Peckham, J.
Gallimore, EADS Astrium Ltd., U.K.
Session A2b: Galileo and
Multi-System Local Component Applications, Services, and
Technologies
Upgrade an Indoor Positioning System
Using a Standard GPS Receiver: J.
Caratori, GET/INT Evry & IUT Cachan,
France; M. Francois, N. Samama, GET/
INT,Evry, France
Session B2: Receiver Technology 2
Solutions to the Cross-Correlation
and Oscillator Stability Problems for
Indoor C/A Code GPS: P.G. Mattos,
STMicroelectronics, U.K.

Session F2: Integrated Navigation
Systems 2
Integrated GPS/Loran Receiver for
ASF Propagation Studies: R. Hartnett,
USCG Academy; P. Swaszek, University of
Rhode Island; G. Johnson, John J. McMullen
Associates, Inc.
Session A3: Galileo System Design
Land Mobile Satellite Navigation–
Characteristics of the Multipath
Channel: A. Steingass, A. Lehner, German
Aerospace Center, Germany
Session B3: Military Applications
Targeting Applications Relevant to the
Military GPS Handheld: J.T. Kelly, Rockwell
Collins, Inc.
Session C3: Location-Based Services and Indoor Positioning 1
HSGPS Signal Analysis and Performance
Under Various Indoor Conditions: G.
Lachapelle, H. Kuusniemi, D.T.H. Dao, G.
MacGougan, M.E. Cannon, The University
of Calgary, Canada
Session D3: Algorithms and
Methods 2
A General Concept and Algorithm of
Projected DGPS for High Accuracy
DGPS Based Systems: Y. Zhang, C.
Bartone, Ohio University
Session E3: Aviation
Applications 2
Technology to Evaluate eLoran
Performance: B. Peterson, K. Dykstra,
Peterson Integrated Geopositioning,
LLC.; K. Carroll, U.S. Coast Guard Loran
Support Unit; M. Narins, Federal Aviation
Administration
Session F3: Network-Based Techniques for RTK
Applicability of Standardized Network
RTK Message for Surveying Rovers: H.-J.
Euler, O. Zelger, F. Takac, B.E. Zebhauser,
Leica Geosystems AG, Switzerland

70 percent: relevance, timeliness and originality of technical work/
information; 20 percent: quality of visual aids (legibility, relevance to
topic, etc.); and 10 percent, quality of presentation delivery (enthusiasm, enjoyment as a speaker, etc.).
Session A4: GNSS System Performance Validation, Modeling and
Testing 1
Signal Generation, Verification, and
Interaction Analysis of Legacy and
Modernized GNSS Systems: B.
Goodrich, B. Gonzales, L.H. Hughes, R.
Weaver, B. Deary, ARINC

Session D5: Space Applications
Autonomous Formation Flying RF
Ranging Subsystem: C. Bourga, C.
Mehlen, Alcatel Space Industries, France;
P. Colmenarejo, J.M. Lopez-Almansa,
V. Barrena, GMV, S.A. Spain; A. GarciaRodriguez, G. Seco-Granados, European
Space Agency-ESA

Session B4: GPS Modernization
GPS Accuracy Versus Number of NIMA
Stations: C.H. Yinger, W.A. Feess, V. Nuth,
R.N. Haddad, The Aerospace Corporation

Session E5: Ground-Based
Augmentation Systems 2
CUSUM-Based Real-Time Risk Metrics
for Augmented GPS and GNSS: S. Pullen,
J. Lee, G. Xie, P. Enge, Stanford University

Session C4: Location-Based Services and Indoor Positioning 2
Commitment to Design for a SafetyCritical Function Reliable GPS Antenna
Technology for E-911 in Handsets: O.P.
Leisten, A.P. Wingfield, Sarantel Limited,
U.K.
Session D4: Atmospheric Effects 2
4-D Troposphere Modeling Using a
Regional GPS Network in Southern
Alberta: N. Nicholson, V. Hoyle, S. Skone,
M.E. Cannon, G. Lachapelle, The University
of Calgary, Canada
Session E4: Ground-Based Augmentation Systems 1
System Concept of the Honeywell
LAAS Ground Facility: R. Hartman, R.
Stangeland, M. Ahlbrencht, Honeywell
Commercial Aviation products
Session F4: Antenna Technology
A Dual-Band Reduced-Surface-Wave
GPS Microstrip Antenna with Low
Susceptibility to Multipath: L.I. Basilio, R.L.
Chen, J.T. Williams, D.R. Jackson, Applied
Electromagnetics Laboratory, University of
Houston
Session A5: Receivers and Applications for Galileo and Combined
Galileo and GPS
A Comparison of “Direct RF Sampling”
and “Downconvert & Sampling” GNSS
Receiver Architectures: M.L. Psiaki,
Cornell University; D.M. Akos, Stanford
University; J. Thor Luleå, University of
Technology, Sweden
Session B5: Unintentional Interference and Jamming
Automatic Gain Control (AGC) as an
Interference Assessment Tool: F. Bastide,
ENAC/STNA, France; D. Akos, Stanford
Universiy; C. Macabiau, ENAC, France; B.
Roturier, STNA, France
Session C5: Carrier Phase-Based
Positioning 1
Synergy of CP-DGPS, Accelerometry
and Magnetic Sensors for Precise
Trajectography in Ski Racing: J. Skaloud,
P. Limpach, Swiss Federal Institute of
Technology, Switzerland

Session F5a: GPS In Safety and
Security Applications
GPS-Based Bistatic Radar for Terrain
Awareness–Methods and Preliminary
Results: P. Sturtevant, D. Masters, P.
Axelrad, University of Colorado; S.J.
Katzberg, NASA Langley Research Center
Session F5b: Autonomous
Vehicle Navigation
Development of the PLS Tactically
Deployable Dual-Thread Landing
System: D. King, J. Wright, J. Hansen, Sierra
Nevada Corporation
Session A6: GNSS System Performance Validation, Modeling and
Testing 2
New Empirically-Derived Solar
Radiation Pressure Model for GPS
Satellites: Y. Bar-Sever, D. Kuang, Jet
Propulsion Laboratory, California Institute of
Technology
Session B6: Receiver Technology 3
Deeply Integrated Code Tracking:
Comparative Performance Analysis: D.
Gustafson, J. Dowdle, The Charles Stark
Draper Laboratory, Inc.
Session C6: Carrier-Phase-Based
Positioning 2
Strategy of Reliable Ambiguity
Resolution for Static and Kinematic
Applications: H. Kotthoff, C. Hilker, C.
Ziegler, Leica Geosystems AG, Switzerland
Session D6: Scientific/Timing
Applications
GPS Block IIR Non-Conservative
Force Modelling: Computation and
Implications: M. Ziebart, S. Adhya, A.
Sibthorpe, P. Cross, University College
London, U.K.
Session E6: Space-Based Augmentation Systems
On the Ionospheric Impact of Recent
Storm Events on Satellite-Based
Augmentation Systems in Middle and
Low-Latitude Sectors: A. Komjathy, L.
Sparks, A.J. Mannucci, X. Pi, Jet Propulsion
Laboratory, California Institute of Technology
Session F6: Inertial
Navigation Systems
Inertial Sensors Errors Modeling Using
Allan Variance: H. Hou, N. El-Sheimy, The
University of Calgary, Canada
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teach navigation courses. I have been
teaching navigation courses for about
twenty-five years. As a small segment of my
introductory course, I include a few lessons
that address the theory and practice of celestial navigation. One vexing question keeps
increasingly haunting me: Why teach celestial
navigation?
Virtually all of my students are career
oriented professionals. The course tuition
is almost always paid for by their employers. Sometimes part of myself argues that
in today’s world money talks and how does
teaching celestial navigation help the students in their careers or their employers in
their pursuit of profits. My internal ramblings
go on to tell me that the Global Positioning
System has all but completely replaced celestial navigation.
The celestial bodies used for GPS are manmade satellites instead of the sun, moon, and
stars. GPS routinely provides accuracies of less
than five meters, instantaneously and under
all conditions. Compare this to an experienced
navigator who must step out on the deck and
only under favorable conditions, sight three
celestial bodies with a sextant, note the time
of each observation, step back into the wheelhouse, do the arithmetic of sight reduction,
and plot a tight fix on a chart yielding an
accuracy of about two thousand meters.
Reinforcing the Fundamentals
At other times, part of myself argues that
teaching the techniques of celestial navigation reinforces fundamental methods which
are embodied in most navigation systems.
The basic approach of taking measurements,
ensuring that there are enough measurements
with adequate observability to solve for the
unknowns, forming lines of positions from
the measurements, and then solving for the
intersection of the lines of position is intrinsic
to most position fixing approaches.
The measurement of altitude to a celesIO N Ne w s l e t t e r

izing the lines of position about that approximate position, and solving the linear problem
for the corrections to the assumed position.
These operations are fundamental to modern range or range difference measurement
navigation fixing techniques employing radio
or acoustic timing measurements.

Top: A small
brass sextant by
Ramsden No.
1403. 41⁄4-inch
radius. This is
one of the last
instruments Ramsden made before he died in 1800. The
scale and vernier on silver are beveled at an angle of 45
to the frame. The arc is divided into 20 arcminutes and
with the vernier reads to 30 arcseconds.
Inset: A pillar-frame sextant by Troughton, London,
No. 1464, first quarter nineteenth century, 8-inch radius.
The frame is built from two brass sheets stiffened by
seventeen 5/8-inch pillars and at the points of attachment
of the elements of the optical system. The scale is divided
on platinum into 10 arcminutes readable with vernier to
1 arcminute.
Photos: Courtesy Peter Ifland’s “Taking the Stars,
Celestial Navigation from Argonauts to Astronauts.”

tial body creates a line of position which is
a circle on a spherical earth centered about
the subpoint of the star. This line of position is analogous to a line of position from
a radionavigation system which might be a
locus of positions of constant ranges or range
differences from a transmitter. As described in
the Peter Ifland and Michael Vanvaerenbergh’s
recent book, “Lines of Position” (Unlimited
Publishing, 2003), the methods of Captain
Thomas Hubbard Sumner and Lieutenant
Marcq St-Hilaire that were developed in the
mid-19th century, are excellent examples of
estimating an approximate position, linear11

A Back-up Fixing Source
I continue to rationalize that GPS vulnerabilities dictate the need for a backup fixing source
and that modern technology makes the celestial fixing process much more user friendly
than as described above. Comprehensive software such as STELLA developed by personnel
from the Naval Observatory, accurately and
effortlessly perform the sight planning and
sight reduction process. New advances in optics
promise to provide unparalleled accuracy even
under cloudy or daylight conditions. I furthermore tell myself that some of the world’s most
sophisticated and lethal weapons systems such
as the TRIDENT missile’s guidance system still
depend on celestial measurements.
Ultimately, the choice of whether to continue to teach celestial navigation in my navigation course remains a personal one. The
simplicity and beauty of the classical celestial
instruments coupled with their autonomy
from artificial energy sources evoke in me an
earthy, pioneering quest for a more natural
life. The knowledge that I can determine
where I am with only my trusted sextant, slide
rule, chronometer, nautical almanac and
some plotting tools excites nostalgic memories
from a simpler era.
Next time somebody asks me or I ask
myself “Why teach celestial navigation?”,
maybe my retort should be “Why learn about
art and history?”
—Marvin B. May teaches navigation
courses for the Navigation Research and
Development Center, Pennsylvania State
University.
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In Memoriam

Charlie
Bridge—

pioneer and
leader in inertial navigation
Charlie Bridge was a pioneer
and leader in inertial navigation. He received The Institute
of Navigation Norman P. Hays
Award for encouraging, inspiring
and support in managing the
advancement of navigation.
At Kodak, he worked on optical
navigation systems and developed
devices for celestial applications.
He then joined North American
Autonetics and headed an analytical group in inertial navigation. He developed the concept of
using doppler aiding of inertial
gyro compassing and headed the
Compass Island inertial navigation
testing and evaluation group at
the Brooklyn Navy Yard.
In 1959 at Litton Industries,
he inaugurated the advanced
systems group and headed the
development of stellar inertial
navigation systems and the Litton
Aero Products Division which pioneered the introduction of inertial
navigation systems for commercial
aviation.
Charles Bridge was born in
Camden, New Jersey and served in
the Army in WWII as a scout in the
infantry. He graduated Lafayette
College in 1950, where he later
received an honorary doctorate
degree.
He is survived by his wife of
56 years, his three children and six
grandchildren.
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Section News
ALBERTA SECTION.
The Alberta Section held
its September meeting
at the Calgary Centre
for Innovative Technology. Following
introductory remarks by Section Chair
Dr. Gérard Lachapelle, Neil Gerein
from NovAtel addressed the group
about the status of the Galileo/GPS
integration and Olivier Julien and M.
Elizabeth Cannon, University of Calgary
spoke about multiple frequency GPS/
Galileo integration for precise carrier
phase-based positioning. Their presentation discussed the impact of the wide
range of carrier phase combinations on
both ambiguity resolution and position
domain performance.

Two-Way Time Transfer (DTWTT)
were developed to correct the raw time
transfer data for platform motion and
measurement effects. These algorithms
were successfully demonstrated using
both satellite (Ku-band) and line-ofsight (L-band) communication links.
THE HOUSTON SECTION’s
September
meeting was sponsored
by Stigant Enterprises.
Rodney Calvert of Shell gave an engaging talk titled “4-D Seismic Positioning
Requirements and Well Navigation” to
more than 30 people. He described his
“bottle glass” metaphor for reproducing
4-D seismic images, with navigation
as the most critical factor for success.
Rodney gave the “perfect answer” to
the question of how tightly we must
specify position in order to hit small
targets with the drilling bit.

DAYTON SECTION. Dr.
Capt. Richard Beckman
from the Reference Sensors and Receiver Applications Branch,
Sensors Directorate, Air Force Research
Laboratory, Wright Patterson Air Force
Base spoke about the work being done
by the Air Force Research Laboratory (AFRL) in conjunction with Timing
Solutions Corporation.
In November 2002, the U.S. Air
Force Research Laboratory (AFRL)
in conjunction with Timing Solutions
Corporation demonstrated precision
(1ns) time recovery to an AFRL C-135E
aircraft with and without utilizing GPS.
Time was transferred to the aircraft
from the ground using Dynamic Time
Based Communications (DTBC) in
which timing signals were embedded in
a standard communication link’s channel overhead. This technique was used
to measure the difference between an
on-board precision atomic clock and a
precision atomic reference clock on the
ground. DTBC can be applied to both
standard and tactical communication
links. Algorithms to perform Dynamic

NORCAL SECTION. The following
officers were elected at the September meeting: Phil Stuehler, chair;
A.J. Van Dierendonck, vice chair; Paul
Montgomery, treasurer; Jock Christie,
secretary; and Todd Walter, program
chair. In addition to the elections, Jack
Reichel and Rudy Kalafus spoke about
the proposed ION Virtual Navigation
Museum that would become a part of
the ION Web site. Visitors would see
a timeline showing the evolution of
navigation equipment and could click
on various images to learn more about
a particular piece. The virtual museum
has received tentative approval from
the ION Executive Committee.
A.J. Van Dierendonck gave the
main presentation entitled, “An
update on L5, Galileo, E5A/E5B and
Galileo L1 Issues,” which covered
many of the technical and political
aspects of this complex issue.
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ROCKY MOUNTAIN
SECTION. Congratulations to Stephan Esterhuizen, winner of the 2003-2004 RMS
ION Scholarship competition. Stephan
is a senior in electrical and computer
engineering at the University of Colorado, Boulder. He has already had
significant exposure to the art and
science of navigation through his work
designing an avionics system for a
small, unmanned aerial vehicle and
in developing open source code for a
GPS software receiver. The RMS section looks forward to interacting with
Esterhuizen as he fulfills his apprenticeship activities. The committee
received several outstanding applications and encourages all applicants to
apply again next year.

WASHINGTON
SECTION. The section
held its August meeting at the U.S. Naval
Observatory.
Jamie Heller discussed the status
of satellite navigation programs
around the world, including Russia’s
GLONASS, Europe’s Galileo, and
the Chinese Beidou system, and the
potential benefits and challenges to
GPS users.
Heller has worked for over seven
years as a satellite navigation analyst
for the United States government.
After the presentation, Dr.
Demetrios Matsakis conducted a tour
of the facility.
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Section News
NEW ENGLAND SECTION. On
Oct. 29, the New England Section
held its thirty-second meeting at
the Museum of Science, Cambridge,
Mass. Alan Zorn of Dynamic Research
Corporation, opened the meeting
and made several announcements.
He introduced Dr. Chris Bartone from
Ohio University, who is currently the
vice president for the Eastern Region
of the ION®. Dr. Bartone made several announcements and encouraged
the New England Section’s participation in the ION® scholarship program
and on the ION annual awards program at the June meeting.
Dr. Bette Winer from The MITRE
Corporation introduced the main
speaker, Martin Nakashian, a professional lecturer of the Museum of
Science.
Back by popular demand, Martin
Nakashian repeated his presentation
in celestial navigation. Nakashian is a

long-time cruising sailor and instructor with a passion for navigation
and navigation history. He taught
courses in coastal piloting, navigation,
and celestial navigation since 1974,
and has taught the current Coastal
Piloting and Navigation and Celestial
Navigation courses at Boston’s
Museum of Science since 1991.
He explained how sailors could
find their way confidently and safely
across and ocean to their destination
using the sun, moon, and stars, and
a sextant, chronometer, almanac, and
sight reduction tables. After the talk,
the museum demonstrated these
concepts in the planetarium.
At the August meeting, Sigrid
Close of the MIT Lincoln Lab. and
Boston University gave a presentation on meteors. Dr. Timothy Hall
from the MIT Lincoln Lab. spoke on
radiolocation using AM broadcast
signals.

(Top) Dr. Alan Zorn
(standing) introducing Dr. Chris Bartone,
(seated, first row). NES
Program Chair Rochelle
More seated first row,
foreground.
(Right) Guest Speaker
Martin Nakashian
explaining the first lemma
in celestial navigation.

In Memoriam

Ivan A. Getting, Co-Inventor of GPS, Dies

I

van A. Getting, president-emeritus
of The Aerospace Corporation and
the company’s founding president,
died Oct. 11, in Coronado, California.
Getting, 91, served as president of
The Aerospace Corporation from 1960
through 1977. During most of his
60-year professional career, Getting
focused his formidable scientific, technical, and organizational energies on
support of the United States defense
effort.
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Among the many complex projects undertaken at Aerospace under
Getting’s direction were planning for
new ballistic missile systems, oversight
of space launch systems with major
contributions to NASA’s Mercury and
Gemini space programs, the development of high-power chemical lasers,
and the creation of the worldwide
Navstar Global Positioning System
(GPS), the most significant advance in
navigation in the 20th century.

Getting was recognized earlier
this year, along with Dr. Bradford W.
Parkinson of Stanford University, by
the National Academy of Engineering
for inventing the Global Positioning
System. Getting and Parkinson,
chair of the board of trustees at
Aerospace, were awarded the prestigious Charles Stark Draper Prize for
their achievement.
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In 2002, Getting was inducted into
the San Diego Aerospace Museum’s
International Aerospace Hall of Fame
for his contributions to the conception
and development of GPS.
Getting attended the Massachusetts
Institute of Technology (MIT) and
Oxford University where he received a
Ph.D in astrophysics in 1935.
He is survived by his wife, Helen,
and three children.
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Galileo continued from page 1

standard for use with mobile phones. This
has to be agreed with the mobile phone
community, but without it there will be no
market for Galileo with mobile phones.
• The potential importance of policy directives on the Galileo market, e.g. the US
E911 policy triggered the development
of A-GPS receiver chips and enabled the
GNSS mobile phone market; in Europe,
road charging policies based on GNSS
technology could trigger the more lucrative vehicle telematics market.
User Numbers
The market for navigation products and services is expected to undergo rapid expansion.
Mass market user numbers will overtake
those for professional and commercial applications by 2005, fuelled by strong demand
for navigation-based services via mobile telephones and in-car systems.
The forecast of up to 2.5 billion Galileo
users by 2020 differs markedly from earlier
studies due to the new assumption that GPS
+ Galileo chipsets will become widely available and that mobile phones will support this
combined use. With availability of the first
Galileo signals around 2008, and considering
the quality of Galileo services, particularly in
urban areas, and the added robustness from
a second constellation, it is expected that
there will be rapid uptake of joint Galileo /
GPS receivers. These combined receivers will
become the default by 2012. As older equipment is replaced, it is foreseen that over 2.5
billion Galileo enabled receivers will be in
use by 2020.
IO N Ne w s l e t t e r

Sales of Navigation Devices
Receiver sales will be driven primarily by the
high replacement rate in the mobile telephone
market. Current GNSS unit sales measured
in the tens of millions will be transformed as
assisted-GNSS technology is adopted.
By 2005 navigation functions will be performed on general purpose chipsets within
mobile phones, PDAs and other portable
devices. Market growth is currently being
driven from the US and Far East, with significant growth in Europe expected from 2004
onwards. Subsequent growth in developing
markets, especially China, India and South
America is expected to fuel further uptake
from 2010 onwards. It is estimated that global unit sales of navigation enabled devices
will exceed 1 billion per annum by 2020.
Revenues
Revenue streams—which are currently
dominated by professional, survey and commercial fleet management markets—are
expected to grow strongly as mass markets
come on-stream. Current global product revenues are estimated at s15 billion; a figure
expected to approach to s50 billion by 2006,
and just under s180 billion by 2020.
These gross product revenues represent the
total annual sales of navigation enabled devices (e.g. complete in-car navigation systems).
The market will remain dominated by
product revenues until 2014. However the
outlook for service revenues will improve as
the installed base increases. As the product
market begins to saturate after 2015, service
growth will continue to drive expansion of
14

the overall market up to 2020.
Personal Mobility Market
The promise of true mass market take-up of
location-based services via personal mobile
phones is showing signs of being realized. GPS
uptake is currently strongest in the Pacific
Rim where user demand has started to drive
the development of location based services.
At the same time the US regulation
requiring localization of emergency calls
(E911) has led to significant shipments of
GPS enabled cellular phones. Competitive
technologies (non-GNSS based) have been
found to underperform and thus industry
sources predict that the total shipment of
GPS-enabled mobile phone chipsets could
reach 50 million for the year 2003. The
approach in Europe has been much softer
than in the US, with location being required
only “where technically feasible” according
to Directive 2002/22 on Emergency Call handling (E112). Consequently A-GPS uptake is
lagging behind other regions and widespread
rollout of enhanced positioning capability in
Europe will depend on market demand and
financial returns to the operators. However,
based on the widespread availability of low
cost A-GPS GSM chipsets we should expect
to see these handsets available in Europe by
late 2003, providing a mature base for future
Galileo services.
Road Transport Market
Three GNSS application groups are recognized and analyzed in this market:
• Vehicle telematics.
Fall 2003

• Road charging.
• ADAS (Advanced Driver Assistance
Systems).
The number of vehicles likely to use a
GNSS terminal for one or all of these applications is large, 495 million in 2020. Although
it is smaller than the mobile phone market
(nearly 2 billion in 2020) in terms of numbers
of terminals installed, vehicle terminals are
larger, with more peripherals (e.g. CD players,
large colour screens), and are consequently
much more expensive than mobile phones.
Thus the GNSS purchase revenue from road
transport (s76 billion in 2020) approaches
that from mobile phones (s 94 billion). In
addition the very wide variety of potential
services to drivers, e.g. traffic information,
emergency rescue, theft recovery, route navigation, fleet management, entertainment (radio/
TV/films etc) means that the potential service
revenues are very large. A major market driver
for in-car navigation systems is the introduction of schemes for charging vehicles for using
roads. Here Europe has taken the lead and
road charging applications have already been
introduced in Switzerland, Germany, Austria
and is planned for in the UK. In mid 2003, the
EC adopted a directive to align the national
systems of road tolling in Europe for heavy
goods vehicles. With satellite navigation being
the only realistic mechanism to achieve a
flexible charging mechanism across European
countries, this seems to offer a significant
market opportunity for Galileo.
ADAS technology is now being introduced
into vehicles by manufacturers and this trend
looks set to continue. Not all ADAS functions
need positioning and it is not until ADAS
applications requiring precise lateral location
within a lane appear that GNSS technology
becomes a candidate to provide accurate
location in real time. The levels of accuracy
and integrity needed, however, imply the use
of augmentation signals from locally provided infrastructure.
—The following article was excerpted
from a summary of the results of the
Galilei project that was funded under the
European Union’s fifth framework program for research, technological development and demonstration (RTD), contract
no. GMA1-42031-2001-SI2.324007.
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Leaders continued from page 1
To create a K-16 learning community
in which students, K-12 teachers, and the
College of Engineering and Applied Science
explore, through hands-on doing, the role
of engineering and innovation in everyday
life, and to appreciate and apply the art of
engineering through designing and building
solutions to meet the needs of society.
As such, its curriculum aims to foster a
“learning-by-doing” approach to engineering education. This involves such activities as
creating grids in the classroom, constructing a
magnetic compass then using it to find north,
and looking for magnetic anomalies in the
classroom (investigating the difference between

magnetic and true north), using handheld
GPS receivers in the field, and much more.
For the GPS lessons, ITC hopes that local
ION sections or manufacturers might provide
technical assistance to interested educators
and perhaps provide GPS receivers on loan.
To learn more, or determine how you
may help with this forward-looking initiative,
contact Penina Axelrad, Malinda Schaefer
Zarske, or Janet Yowell from University of
Colorado at Boulder, or Jacquelyn Sullivan,
co-director of ITL, or visit the ION Web site,
which hosts the educational materials.
—Reprinted from the Sept. 12, 2003,
issue of the ION GPS/GNSS Show Daily, by
Scottie Barnes, Advanstar Communications.

ANNUAL AWARDS NOMINATIONS DUE
Members are encouraged to submit nominations for 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 L. 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 February 20, 2004.
The awards and accompanying engraved bronze plaques will be presented at the
ION’s Annual Meeting, June 7–9, 2004, in Dayton, Ohio. The ION® urges you to
participate in the nomination process so that a representative group of 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 the ION’s journal, NAVIGATION,
will be honored.
Address correspondence to Award Nomination Committee, The Institute of
Navigation, 3975 University Drive, Suite 390, Fairfax, VA 22030, fax: 703-383-9689
email: mlewis@ion.org.
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NTM 2004 Session Topics
GPS Modernization, Galileo
and QZSS
WAAS. LAAS, and Integrity
Interference and Spectrum
Management
Space Systems and
Applications
National Airspace, Aviation
Systems and Precision
Approach
Land and Precision Surveying
Applications
Military Systems and
Applications

Algorithms and Methods
Atmospheric Effects
Receiver and Antenna
Technologies
Integrated Multi-Sensor
Navigation
and Guidance Systems
Carrier Phase Positioning
MEMS and GPS Attitude
Systems and Applications
Marine Navigation
Applications
Indoor Navigation / Multipath
Mitigation
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