
in an era of budgetary 
constraints. 

In the same panel, 
Dr. Sergey Revnivykh, 
Deputy Director 
General of Roscosmos’s 
Central Research 
Institute of Machine 
Building provided a 
number of previously 
unpublished details on 
GLONASS’s current status and plans for 
future development. Further details can be 
found in the GNSS Program Updates article 
on page 16.

The “Big 3” Panel
The plenary panel discussion moderated by 
Dr. Bradford Parkinson, the founding com-
mander of the GPS Joint Program Office 
and a Stanford University professor emeri-
tus, drew a diverse set of experts to present 
their views on leading issues of GNSS.

Panelists included David Turner, deputy 
director, Office of Space & Advanced 
Technology, U.S. Department of State; 
Phil Ward, of Navward GPS Consulting; 
Dr. Mike Miller, Air Force Research 
Laboratory (AFRL); and Dr. Paul Massatt, 
senior engineering specialist, in The 
Aerospace Corporation’s Navigation and 
Geopositioning Systems Department.
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which serves as the federal agency interface for civil GPS affairs.

ION GNSS 2010 returned to Portland, 
Oregon, with a successful 23rd staging of 

the Satellite Division’s annual international 
meeting — marked by the appearance 
of the GPS Wing’s new commander, Col. 
Bernard Gruber, at the event; the ION’s first 
hosting of a Civil GPS Service Interface Com-
mittee (CGSIC) meeting, and a four percent 
increase in attendance over last year.

At the opening plenary session on 
Tuesday evening (September 21), speakers 
took up the “big three” issues of global 
positioning and timing: sustainment, 
robustness, and interchangeability. Over 
the following three days, more than 260 
papers were presented in 36 parallel 
sessions, and recipients of major ION 
awards were announced — including the 
Johannes Kepler award to Dr. Todd Walter, 
of Stanford University. 

More than 60 companies and organi-
zations filled booths in the commercial 
exhibition, including several new par-
ticipants. As usual, many companies took 
advantage of the world’s oldest and largest 
GNSS conference and exhibition to launch 
new products. (See accompanying article 
on page 8.)

At the GNSS Program Updates panel 
discussion, moderated by Dr. John Betz 
of The MITRE Corporation, Col. Gruber 
led off with a presentation to the standing 
room only audience that fused optimism 
with caveats about the prospects for GPS 

23rd event scores 
in portland
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A GNSS-aholic
no Recovery Required

At  ION GNSS 2010 this past September  
I confessed to being a GNSS-aholic. 

And for a GNSS-aholic, there was certainly 
no better place to be than with the rest of 
the world’s GNSS-aholics. A record number 
of abstracts were received for this past 
year’s conference (more than 600), and I 
am happy to report that attendance at ION 
GNSS this year 
was up over 
four percent 
from the prior 
year. I would 
like to thank 
the ION GNSS 
2010 program 
committee: 
Dr. Naser El-
Sheimy, General 
Chair; Patricia 
Doherty, 
Program Chair; 
as well as all 
the Satellite 
Division officers 
and many Track and Session Chairs, for 
all their hard work in making this year’s 
meeting such a success. 

The theme of ION GNSS 2010 
centered on sustainment, robustness 
and interchangeability. GNSS providers 
charted the progress of their programs. 
Col. Bernard Gruber, the new GPS Wing 
Commander, made his first official visit to 
an ION event and optimistically reported 
on next-generation initiatives.  I was also 
delighted to spend time in the exhibit hall 
and view industry’s recent improvements 
and advancements.

One of the ION GNSS 2010 event 
highlights is always the presentation of 
the coveted Kepler Award, presented for 
sustained and significant contributions to 
the development of satellite navigation. 

Until after the formal award presentation 
is made, the winner’s identity is a closely 
guarded secret – so much so that not 
even the recipient is given advance notice 
of the honor about to be bequeathed on 
them. In keeping with the Kepler award’s 
presentation traditions, Dr. Pratap Misra 
(Satellite Division Chair) provided the 

audience with 
clues to help 
identify the 
recipient and the 
audience was 
asked to stand 
once they had 
identified the 
recipient. I can 
only imagine the 
surprise when 
the unsuspecting 
recipient comes 
to the realization 
that indeed the 
accomplishments 
being expounded 

on to the group belong to them! It is 
with great admiration that I watched Dr. 
Todd Walter, Stanford University, accept 
the award with both humor and poise. 
Congratulations Todd! (Details on this 
award can be found of page 7 of this 
newsletter.) 

I would also like to remind all my 
fellow GNSS-aholics that the ION’s 2011 
International Technical Meeting (ITM) will 
be taking place January 24-26, 2011 at 
the Catamaran Resort Hotel in San Diego, 
California. It is with great anticipation that I 
am looking forward to the Robotics Naviga-
tion Plenary Session that Dr. Jade Morton 
(Miami University, Ohio) has organized for 
this event. Presentations will be made on 
bird-sized UAV’s, autonomous perception 
decision making in robotics, cost effective 

SLAM for consumer robotics and the dawn 
of personal robotics. 

Last, I want to encourage you to cast 
your ballot in this year’s election for ION  
officers. You can vote on-line from Novem-
ber 16 until December 6. Read about the 
nominees in this issue and vote for those 
who you believe will best serve our mem-
bership and industry (story on page 20).

I look forward to seeing you in  
San Diego! ◆

2010 ION GNSS Plenary Speakers, L to R: Dr. Mikel 
Miller, Air Force Research Laboratory; Mr. David Turner, U.S. 
Department of State; Mr. Phil Ward, Navward GPS Consulting; 
Dr. Bradford Parkinson, keynote and moderator, Stanford 
University; Dr. Paul Massatt, The Aerospace Corporation
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Chinese GPS Professionals 
Forum Draws 100s to Shanghai
As part of its international outreach 

efforts, The Institute of Navigation 
served as a technical sponsor for this 
year’s successful forum of the International 
Association of Chinese Professionals in 
Global Positioning Systems (CPGPS). With 
the theme, “Emerging Industries and 
International Exchange,” the event drew 
more than 450 people to its fourth annual 
meeting August 18–20 in Shanghai, China.

A non-profit, academic organization 
founded in 2002, the CPGPS promotes 
the professional development of its 
members and the exchange of ideas 
among professionals in the field of 
satellite navigation and positioning. GPS 
professionals, students, and anyone 
interested in GNSS technologies, regardless 
of nationality, are welcome to join the 
association.

Dr. Jade Morton, associate professor 
of electrical and computer engineering 
at Ohio’s Miami University, is the current 
CPGPS vice-president and was elected as 
the association’s next president earlier this 
year. At the Shanghai forum, she co-hosted 
a panel in which discussion revolved 
around GNSS professional education and 
outreach. (Dr. Morton currently serves as 
vice-chair of the ION Satellite Division and 
is an Eastern Division member at large on 
the ION Council.) 

Prominent experts in GNSS and related 
fields from Chinese Academy of Science 
and China Satellite Navigation Engineering 
Center spoke at the plenary session. 

“A common theme of the plenary talks 
was the push for Compass [China’s GNSS 
system, also known as Beidou-2] to be 
more open to international community,” 
says Dr. Morton. “It seems to me that 
China is now pushing more for opening 
up of Compass due to the need to expand 
[its] market share.”

Photo Top: CPGPS Student winners with their certificates L to R: Siming Shen, Information 
Engineering University; Shaoguang Xu, Southwest Jiaotong University; Yihe Li, Tongji University;  
Yang Le, Hehai University; Lei Han, Beihang University; Chaoqian Xu, Wuhan University;  
Li Jin, Qinghua University; Na Wei, Wuhan University; Shengfeng Gu, Wuhan University.  
Right: Dr. Jade Morton, Miami University, Ohio and current CPGPS vice-president. 
Bottom: CPGPS plenary session in Shanghai.

Although the majority of participants 
came from China, more than 30 forum 
participants were from North America, 
Europe, Australia, and other Asia countries. 
Forum co-hosts were the Chinese National 
Remote Sensing Center, a subordinate of the 
Chinese Ministry of Science and Technology; 
the Science and Technology Commission of 
Shanghai Municipality; and Wuhan Univer-
sity National Engineering Research Center 
for Satellite Positioning System.

A total of 154 presentations were made 
in 18 technical sessions divided among six 
parallel tracks during the two full days of 
conference. Among these, students submit-
ted 81 papers, 9 of which were selected to 

receive Best Student Paper awards. 
 “There were many more young people 

attending . . . than any other meeting I have 
been to,” says Dr. Morton, who served on 
the student awards committee.

At the Shanghai forum Dr. Morton was 
introduced to Ran Chengqi, director of the 
China Satellite Navigation Systems Center, 
which is in charge of Compass.

“He is very supportive of the idea of hav-
ing a Compass expert to advise ION on Com-
pass and promised to send me a representa-
tive,” says Dr. Morton. “We had a couple of 
nice conversations. He thinks highly of ION 
and wishes to have more open international 
understanding of Compass.” ◆

ION Serves as a  
Technical Co-Sponsor
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Parkinson laid the groundwork by 
outlining the elements of sustaining 
constellations to ensure positioning and 
timing availability, as well as to address 
interference and jamming threats in order 
to ensure GNSS robustness.

“Nibbling at the GNSS interference 
problem,” Parkinson described a variety of 
partial solutions, including improvements 
in signal power and frequency diversity, 
receiver techniques such as use of all 
“certified” phase-locked GNSS signals, 
approaches that employ back-up systems 
such as enhanced Loran (eLoran), and 
regulatory efforts to prevent, detect, and 
shut down interferers and jammers.

He finished up by focusing on the 
ideal interoperability: interchangeabil-
ity in which user equipment can “mix 
and match” signals from different GNSS 
systems with the same ranging accuracy.  
Attaining that goal will require agreements 
on signal designs and frequency plans, as 
well as true clock synchronization (i.e., 
a common clock) and common geodetic 
reference system.

Parkinson presented his concept for 
a cross augmentation reference system 
(CARS) as a path toward interchange-
ability. In CARS, each satellite broadcasts 
WAAS-like corrections to allow it to be 
seamlessly operated as a part of another 
constellation.

Ward highlighted the issue of robust-
ness, including taking ownership of the 
issue of ensuring GNSS resistance against 
interference. “The military takes owner-
ship for specifying interference robustness 
in military GPS user equipment,” said, but 
noted that “commercial GNSS manufactur-
ers take little or no ownership for interfer-
ence robustness.”

Federal laws and regulations are sup-
posed to protect the GNSS frequency bands 
from interference, and the Department of 
Homeland Security (DHS) has a role that 
assumes the eventual capability for rapidly 
detecting and locating jammers and inter-
ference sources.

Ward then took the plenary audience 
through an exercise investigating the 
nature of GNSS interference and possible 
mitigation techniques, focusing on low-
cost options at the receiver level.

Ultimately, Ward said, the best mitiga-
tion will come from use of un-jammed 
signal of opportunity, preferably a robust 
ground-based, low-frequency system such 
as was proposed for the United States in 
the form of eLoran.

In a presentation titled, “GNSS Sus-
tainment: The Challenge of Availability,” 
Massatt focused on the role of satellite 
constellations and associated policy and 
budgetary considerations in managing 
expectations. First off, Massatt pointed out, 
signal and positioning availability affects 
many areas of GNSS operations: coverage, 
robustness to failures, accuracy, integrity, 
anti-jamming, and bounded inaccuracy.

“The challenge of availability is to bal-
ance the cost of availability against the cost 
of unavailability,” Massatt said.

Robust constellations limit service 
interruptions, Massatt pointed out, and 
also improves worst-case performance, 
and reduces the cost to users of having to 
adopt of compensatory measures against 
the risk of unavailability. Satellite avail-
ability also enables receiver-based integrity 
monitoring techniques, improves accuracy, 
and facilitates anti-jamming applications.

For his part, Turner addressed the 
efforts of the State Department to achieve 
GNSS interoperability through international 
cooperation. He covered the long history 
of U.S. bilateral and multilateral activities 
and agreements with other GNSS provid-
ers, including Japan, Russia, China, India, 
and the European Union.

As for achieving interchangeability, 
Turner defined the goal as navigating using 
signals from four or more systems with no 
additional receiver cost or complexity.

But do users and manufacturers want 
it, he asked, adding that the answer is “not 
clear,” even though it may have some value 
for certain types of users and equipment. 
GNSS receivers “can self-correct for most 
system differences with enough satellites in 
view,” Turner argued.

In any case, he concluded, improv-
ing interoperability methods will require 
multi-GNSS constellation monitoring, more 
frequency commonality with common 
signal spectrum, and greater service provi-
sion transparency.

ION GNSS 2010 continued from page 1

Broumandan Wins Parkinson aWard

The 2010 Bradford W. Parkinson Award 
was presented September 24 during 

the ION GNSS awards luncheon to Ali 
Broumandan, University of Calgary, for 
Graduate Student Excellence in Global 
Navigation Satellite Systems in his thesis 
“Enhanced Narrowband Signal Detection 
and Estimation with a Synthetic Antenna 
Array for Location Applications”.

The award was established in June 
2003 and is awarded annually to an out-
standing graduate student in the field 
of Global Navigation Satellite Systems 
(GNSS). This award, which honors Dr. 
Bradford Parkinson for his leadership in 
establishing both the U.S. Global Positioning 
System and the Satellite Division of the 
ION, includes a personalized plaque and a 
$2500 honorarium.  

Ali Broumandan, University of Calgary, 
receives the esteemed Parkinson Award 
from Dr. Bradford Parkinson at the 2010 
ION GNSS Awards Luncheon.
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CGSIC Turns 50
A well-attended meeting of the CGSIC, 
which preceded the ION GNSS 2010 on 
Monday and Tuesday, underscored the 
interest of key stakeholders in re-forging 
closer ties with the U.S. Air Force stewards 
of the Global Positioning System. 

Organized by the U.S. Department of 
Transportation (U.S. Coast Guard and Re-
search and Innovative Technology Admin-
istration), the CGSIC has traditionally held 
one of its meetings around the ION GNSS 
event. However, this year the ION served as 
the formal host of the gathering.

Jim Doherty, a CGSIC founder and 
former co-chair now with the Institute for 
Defense Analysis, led off the Tuesday plena-
ry session with a recap of the origins of the 
group, which first met in 1986. He chal-
lenged session attendees to re-assert the 
early interactive engagement that enable 
the civil community to make its needs and 
wishes known to the Air Force operators.

ION Thanks 
Pratap Misra

Dr. Pratap Misra, out-going Satellite 
Division Chair, was recognized by  

the Satellite Division for his visionary  
leadership. 

During the past four years Dr. Misra has 
served on the Satellite Division Executive 
Committee (two years each as Chair and 
Vice Chair) he has been an avid supporter 
of the Satellite Division’s outreach support-
ing developing technical events such as 
the ION’s Robotic Lawn Mower Competi-

Dr. Pratap Misra, Satellite Division Chair,  
2008-2010.

“Remember, you’re a committee, not 
an audience,” Doherty said.

Col. Rob Hessin, deputy director of the 
National Coordination Office (NCO) for 
Space-Based Positioning, Navigation, and 
Timing (PNT), reported on the work of 
the board that facilitates interagency GPS 
policy efforts. For the first time since the 
NCO’s formation nearly six years ago, the 
office is fully staffed with representatives 
from every member agency of the PNT 
Executive Committee.

Lt. Col. Stephen Steiner, the new chief 
engineer for the GPS Wing, described 
progress on that organization’s activities, 
while Lt. Col. Mike Manor, deputy com-
mander for the GPS Operations Center 
at Schriever Air Force Base, Colorado, 
briefed the committee on the status of the 
constellation. This included description 
of the satellite repositioning effort that 
comprises development of an “expand-
able 24” configuration, which will provide 

increased availability and accuracy for 
military and civil users in mountainous 
terrain and urban areas.

Rick Hamilton, U.S. Coast Guard, 
briefed CGSIC members on GPS interfer-
ence detection and mitigation (IDM) ini-
tiatives mandated under the 2004 national 
security directive on PNT.

Conference Organizers
The ION GNSS 2010 program organiz-
ers were led by general chair, Prof. Naser 
El-Sheimy, University of Calgary, Canada; 
program chair, Patricia Doherty, Boston Col-
lege; and technical chairs Dr. John Betz, The 
MITRE Corporation; Dr. Anthea Coster, MIT 
Haystack Observatory; Dr. Didier Flament, 
European Space Agency, France; Deborah 
Lawrence, Federal Aviation Administration; 
Martin Lopez, Overlook Systems Technolo-
gies; Dr. Alexander Mitelman, Cambridge 
Silicon Radio, Sweden; and Dr. Mark 
Petovello, University of Calgary, Canada. ◆

ION Satellite Division – Passing of the Torch      

This past summer the Satellite Division 
held its election for Satellite Division 

Officers who will take office at the conclu-
sion of ION GNSS 2010. 

The following individuals were elected 
and will serve on the Satellite Division 
Executive Committee for a two-year term 
of office:  

Chair: Dr. John Raquet, Air Force  
Institute of Technology

Vice Chair: Dr. Jade Morton, Miami 
University (Ohio)

Secretary: Mr. Tim Murphy, Boeing

Treasurer: Dr. Paul Kline, Honeywell

Dr. Pratap Misra, The MITRE Corpora-
tion, will continue to serve on the Satel-
lite Division Executive Committee for an 
additional two years as the Immediate Past 
Chair. Dr. Allison Kealy, University of Mel-
bourne, Australia and Dr. Syrjärinne, Nokia 
Inc., Finland were appointed as Interna-
tional Technical Representatives.

The Satellite Division would like to 
thank Dr. Demoz Gebre-Egziabher and 
Patricia Doherty who have served as Satel-
lite Division Secretary & Treasurer for the 

past two years, Dr. A.J. Van Dierendonck 
who has served on the Satellite Division 
Executive Committee for the past six years 
and Dr. Christian Tiberius, Dr. Andrew 
Dempster and Dr. Guenter Hein who have 
served as International Technical Advisors. 
The Institute also extends our thanks to all 
other volunteers that have provided coun-
sel and guidance over the past two years.◆

tion, ION GNSS Student Awards, the ION’s 
Autonomous Snow Plow Competition and 
initiatives for the sustainable development 
of navigation, science and technology in 
Africa. Additionally, he has participated in 
the further development of the ION GNSS 
conference’s organization and leadership. 
The Institute extends its thanks. ◆
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ION GNSS 2010 Student Award Winners posing with their awards.

A Final Look at ION GNSS 2010

ION GNSS 2010 Program Committee: L to R: Dr.  John Betz, The MITRE Corporation;  
Dr. Alexander Mitelman, Cambridge Silicon Radio, Sweden; Dr.  Anthea Coster, MIT Haystack 
Observatory; Prof. Naser El-Sheimy, University of Calgary, Canada; Patricia Doherty, Boston College; 
Deborah Lawrence, Federal Aviation Administration; Dr. Didier Flament, European Space Agency, 
France; Martin Lopez, Overlook Systems Technologies. Not pictured: Dr. Mark Petovello, University 
of Calgary, Canada.
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ION GNSS 2010 

Kepler Award 
Goes To ... 
Dr. Todd Walter
dr. Todd Walter has an extensive history 

of significant contributions to the field 
of satellite navigation. He has developed 
many of the safety analyses used by the 
wide area augmentation system (WAAS) 
including the design of the algorithm to 
bound errors caused by the ionosphere. He 
continues to serve as a leading system en-
gineer for WAAS. Additionally, Dr. Walter is 
recognized for his role in early prototyping 
of WAAS and the creation of an end-to-end 
demonstration of the system in operation. 
This demonstration included validation of 
the user algorithm for WAAS. This effort 
coded the entire airborne algorithm in-
cluding the message unpacking, differen-
tial correction application, and protection 
level calculation. This algorithm was later 
licensed to SiRF and today operated in more 
than 30 million non-aviation receivers. He 
is also recognized as a gifted educator and 
has co-advised some 20 PhD. Students who 
have all benefited from Dr. Walter’s gener-
osity and intellect.

More recently, Dr. Walter has turned his 
attention to the multi-frequency future of 

Dr.  Todd Walter shown with the prestigious 
Kepler Award presented at the ION GNSS 
2010 Awards Luncheon. Dr. Walter was cited 
for his contributions to space based augmenta-
tion systems and the education of the next 
generation of navigation engineers.

satellite navigation for aviation. He is central 
to this development at RTCA and Eurocae. He 
is a member of the International Interoper-
ability Working Group coordinating with Eu-
rope, Japan, and India on the implementa-
tion of space based augmentation systems. 
In addition, he is one of the technical leaders 
of L5 planning for WAAS, and the GNSS Evolu-
tionary Architecture Study that contemplates 
the best use of multiple-constellation navi-
gation for aviation in the 2025 timeframe.
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ION GNSS exhibitions have long been  
the launch site for new products, and 

the 2010 event in Portland, Oregon, was 
no exception.

The products ranged from OEM 
form factors to end user equipment and 
included non-GNSS technologies used 
to complement and augment equipment 
subject to satellite signal blockage and 
interference or to add capabilities such  
as imagery.

Two exhibitors from Calgary, Canada, 
for instance, introduced multi-GNSS 
modules targeting system developers: 
NovAtel’s OEM6 GNSS receiver platform 
and Hemisphere’s miniEclipse GPS/
GLONASS board. Both are compact dual-
frequency, high-performance, low-power 
GNSS OEM designs that target system 
integrators and manufacturers of high-
precision user equipment.

The OEM6 platform offers comprehen-
sive support for all current and upcom-
ing GNSS constellations and satellite 
signals including GPS, GLONASS, Galileo, 
and Compass (Beidou-2). NovAtel also 
launched its OEM628 board, the first in 
the new receiver line.

Hemisphere’s miniEclipse uses the 
same digital and analog ASIC design as the 
recently released Eclipse II OEM board.

The Greatest GNSS Show on Earth! More than 60 companies and organizations participated in the commercial exhibition, 
including several new participants.

Also in the OEM space, CSR (SiRF 
Technology) introduced the SiRFatlasV 
multifunction GPS system processor, a 
system-on-chip (SoC) device designed for 
integration into high-volume consumer 
navigation and location-aware products.

Other manufacturers focused on 
extending the capability of product lines. 
Javad GNSS promoted its new Triumph-
VS that incorporates a spectrum analyzer 
that detects and quantifies the level of 
interfering (including jammer) signals in 
all GNSS bands, both before a receiver’s 
RF component and after its digital section. 
The Triumph-VS comes with an “in-band 
interference rejection” option that removes 
those interferences.

Similarly, Septentrio displayed its 
new PolaRxS, an ultra-low noise multi-
frequency, multi-constellation receiver 
dedicated to ionosphere monitoring and 
space weather applications. The receiver 
offers 136 channels capable of tracking 
simultaneously GPS, GLONASS, Galileo and 
SBAS signals in L1, L2, L5 and E5ab/AltBOC 
bands. Coupled with an oven-controlled 
crystal oscillator (OCXO), the PolaRxS 
provides an extensive set of specific 
measurements for ionosphere monitoring, 
including signal phase and intensity at up 
to 100 hertz.

Topcon Positioning Systems (TPS) 
announced the addition of the IP-S2 HD 
Mapping System to its line of mobile  
mapping solutions. The system incorpo-
rates high-precision GNSS receivers,  
an inertial measurement unit, vehicle 
wheel encoder, 360-degree digital cameras 
and the HDL-64E S2.2 LiDAR scanner 
Velodyne Lidar, Inc.

Spirent announced a new online tool 
designed to create a Spirent-formatted 
User Motion File (*.umt) from a route 
defined by Google Maps. The generated 
User Motion File can provide the motion 
trajectory for the simulated vehicle in one 
of Spirent’s systems running SimGEN or 
SimREPLAYplus software. 

In the first appearance of a Chinese 
manufacturer at an ION GNSS exhibition, 
Beijing-based OlinkStar exhibited a variety 
of products based on its 32-channel 
OTrack-32 GNSS baseband processor chip, 
which can track Compass/Beidou-2 signals 
(also a first at an ION conference).

Another first-time exhibitor, Norway’s 
Sensonor, introduced its inertial product 
lines, including the STIM202 a multi-axis 
MEMS gyro module. A Swedish newcomer, 
Spectracom, introduced an eight-channel 
GPS constellation simulator — the 
Pendulum GSG-54. ◆

NEW PRODUCTS  

AT ION GNSS 2010 

ION 2010 
Exhibitors 
Roll Out 
Their New 
Products
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The 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: 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 B1: GNSS Algorithms & 
Methods 1 
Novel Multipath Mitigation Methods 
Using a Dual-polarization Antenna:  
P.D. Groves, Z. Jiang, B. Skelton, P.A Cross, 
University College London, UK; L. Lau, 
Institut De Geomatica, Barcelona, Spain;  
Y. Adane, I. Kale, University of Westminster, 
London, UK

Session C1a: Autonomous Vehicles 
Integrity Monitoring of Vision-Based 
Automotive Lane Detection Methods:  
C. Mario, J. Rife, Tufts University 

Session C1b: RAIM and/or Multi-
Constellation RAIM
Advanced RAIM Based on Inter-
Constellation Comparisons to Detect 
Consistent Faults for LPV-200: Y.C. Lee,  
T. Cashin, CAASD/The MITRE Corporation

Session D1: Atmospheric Sciences 
Observing Traveling Ionospheric Distur-
bances Caused by Tsunamis Using GPS 
TEC Measurements: D. Galvan,  
A. Komjathy, NASA Jet Propulsion Labora-
tory, California Institute of Technology;  
M. Hickey, Embry Riddle Aeronautical Uni-
versity; J. Foster, University of Hawaii at 
Manoa; A.J. Mannucci, NASA Jet Propulsion 
Laboratory, California Institute of Technology

Session E1: Urban & Indoor Navigation 
Technology 1 
Signal Simulations in Urban 
Environments: A. Steingass, B. Krach, 
F. Schubert, German Aerospace Center, 
Germany; M. Crisci, R. Prieto-Cerdeira, 
European Space Agency, The Netherlands 

Session F1: Pedestrian Navigation 
Vision-aided IMU for Handheld 
Pedestrian Navigation: C. Hide, University 
of Nottingham, UK; T. Botterill,  
M. Andreotti, University of Cantenbury,  
New Zealand 

Session A2: GPSIIF: From Inception 
to Launch 
GPS Block IIF Rubidium Frequency 
Standard Life Test: F. Vannicola, R. Beard, 
J. White, K. Senior, A. Kubik, D. Wilson, 
U.S. Naval Research Laboratory

Session B2: GNSS Simulation and 
Testing 
Modifications to GPS Reference Station 
Antennas to Reduce Multipath:  
A. Kerkhoff, R.B. Harris, C.P. Petersen,  
A. Pickard, ARL, The University of Texas  
at Austin  

Session C2: Enhanced and 
Developing Systems 
Alternative Positioning, Navigation,  
and Timing (APNT) Services Research 
Development Program: L. Eldredge, 
Federal Aviation Administration;  
M. Harrison, R. Kennagy, R. Lilly, Aviation 
Management Associates; M. Narins, Federal 
Aviation Administration; D. Chapman,  
R. Loh, Innovative Solutions International;  
V. Massimini, R. Niles, The MITRE 
Corporation; P. Enge, S. Lo, Stanford 
University 

Session D2: Remote Sensing with 
GNSS & Integrated Sensors 
The SGR-ReSI – A New Generation of 
Space GNSS Receiver for Remote Sensing: 
M. Unwin, R. de Vos Van Steenwijk, 
Surrey Satellite Technology Limited, UK; 
C. Gommenginger, National Oceanography 
Centre, Southampton; C. Mitchell, University 
of Bath, UK; S. Gao, Surrey Space Centre, UK

Session E2a: Consumer Applications 
GNSS Hybridisation for Indoor 
Positioning: J.F.M. Lorga, P.F. Silva,  
J.S. Silva, DEIMOS Engenharia, Portugal; 
T.F. Rocha da Silva, M.S. Nunes, INOV-INESC 
Inovacao, Portugal; F.D. Nunes, F.M.G. Sousa, 
Instituto de Telecommunicaoes, Portugal  

Session E2b: Regulatory Service Appli-
cations (Road User Charging, etc.)
Detection and Mitigation of GNSS Decep-
tion by Combination of Odometric Dead 
Reckoning and GNSS Observations for 
Vehicles: H. Niedermeier, H. Beckmann,  
B. Eissfeller, University FAF Munich, Germany; 
O. Pozzobon, Qascom S.r.l., Italy; R. Grzeszc-
zyk, T. Przybyła, Automex Sp. z o.o., Gdansk, 
Poland 

Session F2: LBS Technology and 
Applications 
Demonstration of Inter-Vehicle UWB 
Ranging to Augment DGPS for Improved 
Relative Positioning: M.G. Petovello,  
K. O’Keefe, B. Chan, S. Spiller, C. Pedrosa, 
University of Calgary, Canada; C. Basnayake, 
General Motors Technical Center   

Session A3: Integrating System 
Capabilities at the GPS Wing (Invited 
Papers Only)
GPS Capability Delivery Planning and 
Analysis: J.P. Silvas, J.C. McCanless, Booz 
Allen Hamilton, Inc.; C.J. Williams, U.S. Air 
Force GPS Wing  

Session B3: New Products 
Announcements 
An Innovative EGNOS/EDAS-Based 
Platform to Generate Advanced Solutions 
in the Winter Service Technology:  
G. Marucco, F. Dominici, P. Mulassano,  
A. Defina, K. Charqane, Istituto Superiore 
Mario Boella, Italy; G. Falco, Politecnico di 
Torino, Italy   

Session C3: Aviation Applications 
Operational Implementation of EGNOS and 
LPV Approaches in Aviation in Europe:  
J. Murcia, L. Chocano, INECO, Spain; P. Haro, 
Aena, Spain; R. Farnworth, Eurocontrol;  
H. de With, European GNSS Supervisory 
Authority 

Session D3: Surveying & Geodesy 
Operational Performance RTK Positioning 
When Accounting for the Time Correlated 
Nature of GNSS Phase Errors: C. Miller,  
K. O’Keefe, Y. Gao, University of Calgary, 
Canada 

Session E3: GPS and GLONASS 
Modernization and Other Emerging GNSS 
(Galileo, QZSS, IRNSS, COMPASS)
GPS in Mid-life with an International 
Team of Doctors Analyzing IIF-1 Satellite 
Performance and Backward-Compatibility: 
G.X. Gao, L. Heng, G. Wong, E. Phelts, 
J. Blanch, T. Walter, P. Enge, Stanford 
University; S. Erker, S. Thoelert, M. Meurer, 
German Aerospace Center, Germany  

Session F3: Land Based Applications 
Application of Particle Filters for Vehicle 
Positioning Using Road Maps: P. Davidson,  
J. Collin, Tampere University of Technology, 
Finland; J. Raquet, Air Force Institute 
of Technology, USA; J. Takala, Tampere 
University of Technology, Finland 

Session A4a: NATO Military PNT & 
NAVWAR (Invited Papers Only)
GPS Precise Positioning Service Equipment 
Certification Office (PECO) and Military 
Standard Order (MSO) Authorization:  
J. Tomaszewski, U.S. Air Force GPS Wing;  
K. Kovach, X. Tran, The Aerospace 
Corporation; J. Stripling, Epsilon Systems

Session A4b: Results of the ION’s 2010 
Robotic Lawn Mower Competition 
CWRU-Cutter C: Case Western Reserve 
University’s Autonomous Lawn Mower  
Design and Performance Review:  
B. Hughes, A. Smith, A. Schepelmann,  
D. Bennett, H. Snow, Case Western University 

Session B4: Software Receivers  
A Direct-Sampling Digital-Downconversion 
Technique for a Flexible, Low-Bias GNSS 
RF Front-end: J. York, J. Little, D. Munton, 
ARL, University of Texas 

Session C4: GNSS Space Based 
Augmentation Systems (SBAS)  
Vertical Protection Level Equations for 
Dual Frequency SBAS: T. Walter, J. Blanch, 
P. Enge, Stanford University  

Session D4a: Marine Navigation 
Seabed Mapping on an Earth Centered 
Earth Fixed (ECEF) Geocentric Reference 
Frame. Cooperative Validation with the 
US Navy and Brazilian Navy in Guanabara 
Bay, Rio de Janeiro: A.M. de Oliveira, Jr., 
Brazilian Directorate of Hydrography and 
Navigation & University Federal Fluminense, 
Brazil; E.N. Arroyo-Suarez, U.S. Naval 
Oceanographic Office; A.M. Ramos, M.F.R. 
Arentz, Brazilian Directorate of Hydrography 
and Navigation, Brazil

Session D4b: Timing & Scientific 
Applications  
Orbit Determination for CanX-2 
Nanosatellite Using Intermittent GPS 
Data: E. Kahr, S. Skone, K. O’Keefe,  
University of Calgary, Canada

Session E4: Integrity Monitoring for 
Next Generation Applications  
A Non-Traditional Approach to Analysis  
of Signal Structure Anomalies Observed  
in PRN 21: J. Little, J. York, A. Farris,  
D. Munton, ARL, University of Texas  

Session F4: Urban & Indoor Navigation 
Technology 2 
Estimation of Multipath Range Error for  
Detection of Erroneous Satellites: T. Iwase,  
N. Suzuki, Toyota Central R&D Labs., Japan;  
Y. Watanabe, Denso Corp., Japan  

Session A5: Military GPS & Host 
Applications Integrations for Robust 
PNT Solutions 
Antenna Configurations for a C-Band 
Global Navigation Satellite System:  
C. Bartone, Ohio University; T. Stansell, 
Stansell Consulting  

Session B5: Precise Point Positioning & 
Network RTK 
Implementation of Wide-Area Broadcast 
NRTK on a Communication Satellite 
Platform: L. Yang, C. Hill, T. Moore, 
University of Nottingham, UK  

Session C5: GNSS Ground Based 
Augmentation System (GBAS) 
A Study of Severe Multipath Error for the 
Proposed GBAS Airport Surface Movement 
Application: Y.S. Park, S. Pullen, P. Enge,  
Stanford University  

Session D5: Space Applications 
GEO Satellite Positioning Using GPS  
Collective Detection: P. Axelrad, B.K. 
Bradley, J. Tombasco, University of Colorado 
Boulder; S. Mohiuddin, J. Donna, Charles 
Stark Draper Laboratory   

Session E5: Multi-Constellation User  
Receivers 
Results from an Analytical Model for GNSS 
Receiver Implementation Losses:  
C.J. Hegarty, A.P. Cerruti, The MITRE 
Corporation 

Session F5: Portable Navigation 
Devices 
Reliable Real-Time Recognition of Motion  
Related Human Activities using MEMS 
Inertial Sensors: K. Frank, German 
Aerospace Center, Germany; M.J. Vera-
Nadales, German Aerospace Center, Germany 
& University of Malaga, Spain; P. Robertson, 
M. Angermann, German Aerospace Center, 
Germany   

Session B6: Statistical Signal 
Processing 
Performance Analysis of Collective 
Detection of Weak GPS Signals: B.K. 
Bradley, P. Axelrad, University of Colorado 
Boulder; J. Donna, S. Mohiuddin, Charles 
Stark Draper Laboratory

Session C6: Next Generation GNSS 
Integrity for Aviation 
Sequential Residual-Based RAIM:  
M. Joerger, B. Pervan, Illinois Institute of 
Technology 

Session D6: Algorithms & Methods 2 
GNSS Signal Tracking Using a Bank of 
Correlators: K.Q.Z. Chiang, M.L. Psiaki,  
Cornell University 

Session E6: Galileo System Design &  
Services, GPS/Galileo Interoperability 
In-Orbit Analysis of Antenna Pattern 
Anomalies of GNSS Satellites: S. Erker, 
S. Thoelert, M. Meurer, German Aerospace 
Center, Germany   

Session F6: Urban & Indoor Navigation 
Technology 3
Accurate Mapping of Wi-Fi Access Point 
Location for Indoor Positioning: R.M. Sabri, 
T. Arslan, University of Edinburgh, UK 

ION GNSS 2010 BEST PRESENTATION AWARDS
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U.S. Courts Get Location Awareness

What is a Reasonable  
Expectation of  
Geospatial Privacy?

In 1791, when the Fourth Amendment to 
the Constitution was ratified, it certainly 

seemed specific enough for the needs of 
the time. The new Americans were tired of 
colonial powers freely searching and seiz-
ing, with general warrants that were as full 
of holes as Swiss cheese.

The Founding Fathers said authorities 
must leave well enough alone or get a war-
rant detailing exactly what they expected 
to find and where they expected to find it. 
They weren’t allowed to beat down a citi-
zen’s door on a whim, but instead needed 
to present evidence of “probable cause” 
to a judge who decided whether to allow 
a search.

Since then, case after case have helped 
define the limits of search and seizure, the 
detail necessary on search warrants, and 
where and when a U.S. resident can expect 
privacy.

But what about now? 
With thermal imaging, wireless, satellite 

photos and satellite positioning, navigation 
and timing technology, and smart phones 
and other mobile devices, invasion of 
privacy is now a lot less personal — and 
a lot less detectable — than it used to be. 
Privacy concerns have already been raised 
regarding GPS-enabled social-networking 
tools like Facebook Places or FourSquare, 
or visualization and navigation-related ser-
vices such as Google Earth or MapQuest.

And anxiety about being tracked — 
whether by an suspicious spouse or a 
public toll-road authority monitoring pay-
ments may lead some citizens to consider 

buying a GPS jammer, which could lead to 
widespread problems of its own.

Judicial Irresolution
These concerns are showing up in an 
increasing number of court cases around 
the country in which GPS or other tracking 
technologies are playing a role.

On September 7, the U.S. Third Circuit 
Court of Appeals sitting in Philadelphia, 
Pennsylvania, ruled that the FBI and other 
police agencies don’t need a search war-
rant to track the locations of Americans’ 
cell phones. 

The three-judge panel overruled a 
lower court decision that denied a Justice 
Department attempt to obtain stored loca-
tion data in a drug-trafficking investigation 
without a search warrant, saying federal 

privacy law prohibited it. 
Instead, the appellate court said track-

ing cell phones “does not require the 
traditional probable-cause determination” 
enshrined in the Fourth Amendment. 

The court thus supported the Obama 
administration’s argument that warrantless 
tracking is permissible because Americans 
do not have a “reasonable expectation 
of privacy” in the location of their cell 
phones. Federal lawyers contended in the 
case that “a customer’s Fourth Amendment 
rights are not violated when the phone 
company reveals to the government its own 
records” that show where a mobile device 
placed and received calls. 

The court’s decision, however, left the 
issue unresolved because it focused on 
which federal privacy statutes apply. Indeed, 
the appellate judges noted that, in at least 
some cases, investigators may be required 
to obtain a search warrant, but that it was, 
“an option to be used sparingly.” 

“In the United States, we are only begin-
ning to discuss what a reasonable expecta-
tion of privacy actually means from a spatial 
technology standpoint,” says Kevin D. Pom-
fret, a Richmond, Virginia, attorney whose 
practice focuses on the rapidly developing 
fields of spatial law and technology.

He characterized the Philadelphia court’s 
ruling as “a non-decision that, in effect, 
punted on a very important geo-location 
privacy case. It provided little help to lower-
court judges, law enforcement or the grow-
ing number of companies that are collecting 
this information on a regular basis.”

Tracking individuals 24/7 using GPS may be simple, undetectable and cheap — 
but it may also be unconstitutional.
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Kevin Bankston, an attorney with the 
Electronic Frontier Foundation, agreed.  
“It is still an open question as to whether 
the Fourth Amendment applies to cell 
phone records.” 

Consequently, companies that invest in 
and make use of this technology will, for 
the time being, “be forced to operate in an 
environment that is rife with uncertainty,” 
said Pomfret, who is the executive direc-
tor of the Center for Spatial Law and Policy 
(http://www.spatiallaw.blogspot.com) and 
a member of the board of directors of the 
Open Geospatial Consortium. 

Home: Castle or Warrant-Free Zone
Generally, American court decisions have 
reaffirmed that your home is still 
your castle. The castle includes 
a fenced yard, a patio or other 
places attached to your house 
in which you have every right to 
think you will not be watched or 
overheard.

But. . . is your yard unfenced 
and adjacent to an open field? May 
not be private. Does your open 
driveway have a “No Trespassing” 
sign out front? If not, it may be fair 
game. And, don’t look now — but 
the airspace above your house isn’t 
private, either. 

Still, your home is more secure 
than your car. If you are in public 
— on a highway, in a national 
forest, down a country lane — you don’t 
have the legal “expectation of privacy,” 
according to established case law. 

Information gathered from the outside 
of your car — the license plate, for  
example — does not require a warrant.

Court decision after decision have 
broadened police powers in these cases 
and addressed the use of technology. But 
technology changes so fast, the law is still 
trying to catch up.

With the rapid adoption of vehicle 
tracking systems that are small, accurate, 
fast, cheap and easy to use, law enforce-
ment agencies at all levels are using 
GPS-aided units for secret monitoring of 
suspects. 

Recently, two cases made it all the way 

up to U.S. Circuit Courts in Washington, 
D.C., and California. Both cases involved 
secret, long-term GPS vehicle surveillance 
of suspected drug dealers.

Each court decided differently.
In 2005, a Washington, D.C., nightclub 

owner named Antoine Jones was arrested 
by the Metropolitan Police Department 
and charged with conspiracy to distribute 
cocaine, among other things. At trial, the 
jury couldn’t agree and the judge declared 
a mistrial. 

Two years later, the suspected drug 
ringleader was tried again, found guilty, and 
sentenced to life in prison. The evidence 
came from co-conspirators’ evidence 
backed up by GPS data that showed 

Antoine’s car arriving and leaving a drug 
“stash house.”

Originally, police had obtained a war-
rant to attach a vehicle-tracking device to 
Antoine’s car. The warrant expired and 
the police attached it again in violation 
of a court order by the U.S District Court 
in Washington. Prosecutors argued that 
Antoine was driving on public highways and, 
thus, the police did not need a warrant.

However, a three-judge panel from the 
U.S. Court of Appeals for the Tenth Circuit in 
Washington, D.C., said “not so fast.” 

In the August 6 decision, Judge Doug-
las Ginsburg wrote, “It is one thing for a 
passerby to observe or even follow someone 
during a single journey, . . . it is another 
thing for a stranger to [dog] his prey until 

he has identified all the places, people, 
amusements, and chores that make up that 
person‘s hitherto private routine.” 

Meanwhile, the Ninth Circuit Court of 
Appeals made the opposite decision this 
summer, saying that long-term GPS-based 
vehicle tracking in a public place is per-
fectly legal without a warrant. The Ninth 
Circuit is based in California and covers 
eight western states.

In 2007, The Drug Enforcement 
Administration (DEA) investigated a 
Medford, Oregon, man named Juan 
Pineda-Moreno for alleged large-scale 
marijuana growing. On seven separate 
occasions, they placed small GPS devices 
that attached by a magnet to the underside 

of his car. Sometimes they 
observed his movements remotely; 
sometimes they had to retrieve  
the device. 

On two occasions, according 
to court records, they sneaked up 
the driveway of his trailer home 
at night to attach the devices. 
Eventually, DEA agents and 
immigration agents caught him 
and his companions with bags of 
marijuana, and he was indicted for 
violating federal narcotics laws.

Pineda-Moreno appealed. The 
car was parked in the driveway 
right next to his house, where he 
had every expectation of privacy.

The court denied his appeal. 
They agreed that the driveway was 
part of his home (“curtilage” in legal 
terminology) but was semi-public because 
there were no barriers and a paperboy or 
a neighborhood child retrieving a lost ball 
could freely walk up the driveway.

Chief Judge Alex Kozinski disagreed 
violently, saying in that case privacy rights 
would only apply to those who could 
afford “electric gates, tall fences, security 
booths, remote cameras, motion sensors 
and roving patrols.”

The thorny debate rages on in New 
York and Wisconsin courts as well. It 
looks like GPS technology and the Fourth 
Amendment are still miles apart and will 
eventually end up in the same location: the 
U.S. Supreme Court. ◆

Pictured left, Chief Judge Alex Kozinski, Ninth U.S. Circuit Court of 
Appeals and right, Judge Douglas H. Ginsburg, United States Court of 
Appeals, District of Columbia – two judges who have recently ruled on 
cases involving GPS and privacy issues. GPS technology and the Fourth 
Amendment cases will undoubtably end up in the same location –  
the U.S. Supreme Court. Photos: Wikipedia. 
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When last ION members heard from  
Dr. Sebastian Thrun, he was regal-

ing an ION GNSS 2007 plenary audience 
with tales of Stanley, the Stanford University 
robotic vehicle that won the 2005 DARPA 
Grand Challenge.

Later in 2007, Stanley’s successor, 
Junior, placed second behind Carnegie Mel-
lon University’s (CMU’s) Boss in the Urban 
Challenge, the Defense Advanced Research 
Project Agency’s follow-up competition in 

which vehicles need to obey traffic regula-
tions while negotiating a 60-mile course 
populated with other robotic vehicles, 
obstacles, and merging traffic. 

Stanley has since become part of the 
Smithsonian National Museum of American 
History exhibition on navigation and timing, 
which the Institute helped sponsor. (Sched-
uled to open  to the public in November 
2012). Now Thrun, director of the Stanford 
Artificial Intelligence Laboratory (SAIL), has 

literally taken his show on the road. And the 
theme of his presentation at the GNSS con-
ference in Fort Worth, Texas — “Cars that 
Drive Themselves with GPS Guidance” — is 
still the focus of his R&D efforts. 

Moonlighting as a “Google distinguished 
software engineer” and co-inventor of the 
Internet giant’s Street View, Thrun is leading 
a team of 15 engineers on the Google Driv-
erless Car project, including Chris Urmson, 
the technical team leader of the success-

Thrun reappears with Google Backing

Cars That drive Themselves

Stanford University’s Stanley robotic vehicle, winner of the DARPA Grand Challenge, on the road in California. Inset photos, upper left: Stanford Racing Team leader  
Dr. Sebastian Thrun; upper right, a close up view of the LIDAR ranging sensor and video camera atop Stanley.
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ful CMU team, and Mike Montemerlo, 
software leader for Stanford’s Stanley. 
Also on the team is Anthony Levandowski, 
who built the world’s first autonomous 
motorcycle that participated in a DARPA 
Grand Challenge.

Given that engineering expertise, it’s 
not surprising that the Google vehicle’s 
guidance system incorporates much of 
the same technology as used in the DARPA 
challenges. It combines information 
gathered for Street View with artificial 
intelligence software that fuses input from 

video cameras inside the car, a LIDAR 
range finder on top of the vehicle and four 
radar sensors on the front of the vehicle 
to detect obstacles such as pedestrians or 
other vehicles. A GPS receiver and inertial 
measurement unit helps locate the car’s 
position on the map.

One Accident: Human Error
The project team has equipped a test fleet 
of seven self-guided vehicles, consisting of 
six Toyota Priuses and an Audi TT, which 
have logged more than 140,000 miles with 
only occasional intervention by the trained 
drivers that accompany the vehicle along 
with a Google engineer. Reportedly, the 
only accident occurring when one of the 
cars was rear-ended while stopped at a 
red light.

In an October 9 blog entry on the 
Google site, Thrun wrote, “Our automated 
cars, manned by trained operators, just 
drove from our Mountain View campus 
to our Santa Monica office and on to Hol-
lywood Boulevard. They’ve driven down 
Lombard Street [in San Francisco billed 
as the “crookedest street in the world], 
crossed the Golden Gate bridge, navigated 
the Pacific Coast Highway, and even made 
it all the way around Lake Tahoe.”

The project’s focus is on safety and 
efficiency. “Our goal is to help prevent 
traffic accidents, free up people’s time, 
and reduce carbon emissions by funda-
mentally changing car use,” Thrun wrote 
in his recent blog posting. 

He credits Google’s founders for 
starting their company “to help solve 

really big problems using technology.” 
According to a recent Associated Press 
report, Google CEO Eric Schmidt in an 
audience at the September 29 TechCrunch 
“Disrupt” conference, “Your car should 
drive itself. It just makes sense,” adding, 
“It’s a bug that cars were invented before 
computers.”

SLAM in Action
Any driverless car road test begins by 
sending out a driver in a conventionally 
driven car to map the route and road 
conditions. By populating the system’s 
database by highway features such as lane 
markers and traffic signs, the software in 
the car learns the test environment and its 
characteristics in advance.

As the vehicle proceeds along its 
route, the LIDAR generates a continuously 
updated three-dimensional map accurate 
to the centimeter level that extends for 
more than 230 feet around the car. That 
data and images from the video cameras 
records any changes in route features as 
they are encountered and automatically 
updates the map — in effect, a demon-
stration of a simultaneous localization and 
mapping (SLAM) technique.

Thrun’s personal vision of the eventual 
benefits of the Google project’s efforts is 
global and ambitious. “According to the 
World Health Organization, more than 1.2 
million lives are lost every year in road 
traffic accidents,” he says. “We believe our 
technology has the potential to cut that 
number, perhaps by as much as half. 

“We’re also confident that self-
driving cars will transform car-sharing, 
significantly reducing car usage, as well 
as help create the new ‘highway trains of 
tomorrow,’” he wrote in his blog post. 
“These highway trains should cut energy 
consumption while also increasing the 
number of people that can be transported 
on our major roads.”

Thrun says the project still has 
challenges to overcome, such as how to 
train the system to follow hand signals 
that a traffic policeman or crossing guard 
might make. And, of course, traffic laws 
and popular attitudes toward driving will 
need to change significantly before robotic 
cars can really enter the mainstream. ◆
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2010 European Satellite Navigation Competition  
Gives  €1 million in cash and aid to GNSS 
entrepreneurs in 21 world regions 

A Salzburg, Austria–based start-up company, 
Mobilizy, took home the €20,000 grand 

prize in the European Satellite Navigation 
Competition 2010 (ESNC 2010) for its innova-
tive navigation system Wikitude Drive, which 
uses augmented reality (AR) to superimpose 
driving directions over live street video on 
smartphones. 

Organized by Anwendungszentrum  
(Space Applications Center) GmbH Oberp-
faffenhofen, Germany, the ESNC began seven 
years ago as the Galileo Masters program  
designed to promote innovations in applica-
tions of the European GNSS system. The 
competition was later expanded worldwide 
to cover all GNSS systems and augmentations, 
although the top prizewinner is still referred  
to as the Galileo Master. 

Wikitude Drive also won the prize for the 
best application leveraging EGNOS, the Euro-
pean satellite-based augmentation system that 
aims to add even more speed, precision, and 
reliability to GPS. The innovation had previ-
ously won the NAVTEQ Global LBS Challenge. 

The awards were among the six special 
topic prizes and 21 regional competition  
winners announced on October 18 at an 
awards ceremony at der Residenz in  
Munich, Germany. 

onto a live smartphone video stream of the 
driver’s surroundings, enabling a driver to 
easily recognize and follow the suggested 
route based on real-world imagery instead of 
abstract maps. Right now, the app works on 
Android 1.6 and above. Mobilizy is preparing 
to release its Wikitude Drive system onto the 
market this fall. 

 “It will provide a new navigation experi-
ence. There’s no other comparable augmented 
reality system on the market,” says the com-
pany’s founder Philipp Breuss-Schneeweis.

The system works by attaching an enabled 
smart phone facing the road on top of a vehi-
cle’s dashboard. The application then overlays 
video captured through the camera with driv-
ing instructions. This allows users to literally 
drive through their phone, watching the road 
even while they are looking at directions.

Mobilzy will use the prizes to help bring 
the system to market, to network and build 
partnerships with other companies, Breuss-
Schneeweis said. “In the future we hope to be 
able to add Wikitude Drive to other navigation 
systems and add new features.”

A secure mobile-voting application, eVOTZ, 
won the USA Challenge, the ESNC’s North 
America regional partnership (see sidebar). 

Wikitude Drive uses AR in combination 
with global maps to superimpose directions 

From left: Ulrike Daniels and Thorsten Rudolph, Anwendungszentrum; Philipp Breuss-Schneeweis with his son, and 
Wikitude team members Reinhard Findling, Andreas Hauser, Nicola Radacher, and Sebastian Höbarth; and Heike 
Wieland acting executive director of the European GNSS Supervisory Authority.

Wikitude drive

augmented reality app for drivers Wins Galileo masters award
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Second place in the overall ESNC competi-
tion went to Helmut Drewes of the Agrista 
company (Oberpfaffenhofen), for an online 
platform that uses remote sensing data to help 
farmers gain access to investors and increase 
food production levels. That application also 
won the GMES (Global Monitoring for Environ-
ment and Security) special topic prize.

Patrick Henkel and Patryk Jurkowski of 
the Technische Universität München won third 

place for a carrier phase receiver system that 
features extremely reliable integer ambiguity 
resolution. 

Taking home fourth place were Jakob  
Jakobson and his team from the National Space 
Institute of the Technical University of Denmark 
with a system that facilitates fast access to defi-
brillators in cases of sudden cardiac arrest.

The €10,000 innovation prize of the 
European Space Agency (ESA) went to Rafael 
Olmedo and Luis Burillo from the National 
Institute of Aerospace Technology (INTA), 
Spain’s space agency, for the NEPA project (an 
allusion to a species of water scorpion, nepa 
cinerea in Latin), which proposes the use of 
low-cost and mobile wireless sensor nodes to 
monitor water quality.

The German Aerospace Center (DLR) prize 
went to La Sapienza University in Rome for a 
novel strategy to perform real-time retrieval 
and estimation of displacement and waveforms 
based on high-frequency (one hertz or more) 
carrier phase observations collected by a 
stand-alone GNSS receiver.

Wikitude Drive superimposes 

directions onto a live 

smartphone video stream of 

the driver’s surroundings — 

real world imagery instead  

of abstract maps.

The NAVTEQ prize for best location-based 
service was awarded to Parking Dialogue, 
designed by the Dutch company, Dialogues 
Laboratory. The app automates paid parking by 
using location coordinates to identify parking 
areas and all of the corresponding parking 
providers, thus enabling drivers to start and 
end parking sessions with a simple click.

DAGObert (DAngerous GOods Coordina-
tion Through Location-Based Road Traffic 
Management) prevents vehicles transporting 
reactive hazardous materials from meeting 
at traffic bottlenecks. It won for best security-
related solution for the transport and logistics 
sector, awarded by the Baden-Württemberg 
Forum for Applied Satellite Navigation and 
Mobile IT (Forum SatNav MIT BW).

Information about the rest of the regional 
and other prizewinners is available on the 
2010 ESNC website. The 2011 competition 
opens next spring. ◆

on THE WEB:
ESNC 2010: www.galileo-masters.eu/
Wikitude Drive: www.wikitude.org/

eVOTZ conceptual design for secure mobile voting using  
GNSS positioning.

secure mobile app for Voting &  
Polling Wins usa Challenge
A secure mobile application that enables 

secure voting and polling from location-
capable mobile devices has won the 2010 USA 
Challenge — the North American regional 
event in the European Satellite Navigation 
Competition (ESNC). 

Developed by New York City entrepreneur 
Elliot Klein, eVOTZ extends GNSS authentication 
and verification techniques for trustworthy vot-
ing by applying location positioning with SIM 
card identification and security elements — 
transforming any mobile device into a secure 
election voting, polling, or feedback machine.

Klein has identified a variety of uses for his 
innovation, ranging from government elections 
to stockholder proxies and other authorized 
response–based processes. 

A feature article on eVOTZ appears in the 
November/December issue of Inside GNSS 
magazine. 

The USA Challenge was sponsored by two 
ION corporate members, Inside GNSS and 

NovAtel, Inc., the Calgary, Canada–based  
developer and manufacturer of GNSS  
products. Inside GNSS organized the  
competition and also served as the ESNC  
global media sponsor. 

Six judges chose five finalists from  
34 applications. The six, all GNSS experts  
and well-known to The Institute of  
Navigation, were Ralph Eschenbach,  
Trimble; Neil Gerein, NovAtel; Hans  
Kunze, KLA Global; Gérard Lachapelle,  
University of Calgary; Grace Gao, Stanford 
University; and Chris Wilson, Tele Atlas. 

Klein and eVOTZ received a $1,000 cash 
prize, a trip to the ESNC awards ceremony 
in Munich, and a two-day consultation with 
researchers at the University of Calgary 
Positioning Location and Navigation (PLAN) 
group.  Lachapelle, a Kepler award winner, 
directs that program.

The USA Challenge first runner-up was 
“Virtual Cable,” a virtual reality augmentation for 

automobile windshields that delivers road infor-
mation more clearly to drivers. It was developed 
by San Francisco-based MVS-California.

on THE WEB:
eVotz: www.evotz.com/

Inside GNSS: www.insidegnss.com/

NovAtel Inc.: www.novatel.com/

University of Calgary PLAN group: 
http://plan.geomatics.ucalgary.ca/

Virtual Cable: www.mvs.net/
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GPs
In comments during a September 22 panel discussion at ION GNSS 2010, 
GPS Wing commander Col. Bernard Gruber noted the recent progress 
with a variety of Wing-led initiatives, including the on-orbit performance of 
the new-generation Block IIF satellites, the status of the Block IIIA satellite 
contract, and the current schedule for the next-generation GPS ground 
control segment (OCX)

Launched May 10, the first GPS Block IIF space vehicle (known vari-
ously as IIF SV-1, GPS constellation identification SVN62, or by pseudoran-
dom noise code PRN 25) was set healthy August 26. 

SVN62 carries the first operational L5 signal payload. Eleven more IIFs 
are in the pipeline with SVs 2–5 now in production. A second IIF launch 
will take place by June 2011, Gruber said.

Gruber underlined the recent critical design review (CDR) for the next-
generation Block IIIA spacecraft — in which he participated within weeks 
of assuming his post at Los Angeles Air Force Base, California. The success-
ful CDR puts the GPS III program two months ahead of schedule.

The Wing commander also explained progress on the new baseline 
GPS satellite constellation known as “24 Expandable.” The term essentially 
means that the U.S. Air Force can manage the constellation by optimizing 
the configuration of SVs to more than them fully operational capability 
(FOC) number of primary orbital slots (24).

With 31 SVs currently in operation (11 GPS IIAs, 12 GPS IIRs, 7 GPS 
IIR-Ms, 1 GPS IIF), the Air Force had been doubling up seven satellite in 
“auxiliary” slots near older satellites so that they could be quickly moved 
into position in case of a failure. Now three of the auxiliary SVs are being 
moved into primary slots to improve signal availability, integrity, and  
accuracy. (See accompanying figure.)

The transition will be completed by next June, Gruber said, and con-
stellation managers can always return to a 24-SV configuration in case a 
shortage of satellites or launchers occurs down the road.

Looking forward to the near future, Gruber said that a GPS enterprise 
review will take place in November, an OCX preliminary design review in 
April 2011 with Block I deployment planned for 2015, and release of a 
request for proposal for Phase B of the modernized GPS user equipment 

(MGUE) program in spring 2011.
Noting recent “anomalies” in military UE traced to non-

compliant receiver designs that had used reserved bits in the 
navigation message, Gruber said the Wing was working to improve 
verification of compliance with GPS interface specifications and 
interface control documents (ICDs).

Further out, Gruber said the Wing is looking for industry and 
user community feedback on the idea of using an “Underwriters 
Laboratories” type of approach for independent certification of ICD 
compliance and associated testing.

Gruber noted the phased roll-out of the CNAV message for GPS 
L2C (civil) signals that began transmitting in 2005 with launches of 
the modernized Block IIR (IIR-M) satellites. CNAV is an upgraded 
version of the original NAV navigation message, containing more 
accurate data than the NAV data. 

Full operational with 24 satellites broadcasting L2C signals with 
a full CNAV message is expected in the 2016 timeframe. For the L5 
signal, 24 satellites and full CNAV will be achieved around 2019 
under the current schedule, Gruber predicted.

GLonass
Dr. Sergey Revnivykh from the Russian Federal Space Agency reported on 
the world’s second oldest GNSS system, which is nearing full operational 
capability (FOC) once again after a nine-year rebuilding effort.

With its most recent satellite launch of three modernized GLONASS 
(GLONASS-M) satellites on September 2 and others planned before the 
end of this year, the Russian constellation will have more than enough 
spacecraft for an FOC declaration in the not-too-distant future. 

Currently, the system provides 98 percent global coverage with dilution 

GNSS Providers Chart Progress of Their Programs

Figure shows GPS constellation and three satellites being moved by Air Force operators 
from auxiliary to primary orbital slots.
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of precision (DOP) of less than 6, assuming a five-degree masking angle. 
Moreover, system accuracy continues to improve with the modernized 
space vehicles (SVs) — now producing a 1.8 meter user range error, 
Revnivykh said.

The constellation has 23 operational satellites, two non-functional 
spares, and another that recently had a navigation payload failure and will 
be removed from service. About 11 more GLONASS-M satellites will be 
launched by the end of 2012, according to Revnivykh.

A triple launch of GLONASS-Ms is planned in early December, with 
the first demonstration flight of the next-generation GLONASS-K expected 
before the end of the year. The latter spacecraft will transmit the first CDMA 
signals in addition to the system’s traditional FDMA and be launched on a 
Soyuz rocket from the Plesetsk, Russia, launch site rather than on Proton 
launchers from Baikonur, Kazakhstan.

Apparently, several versions of the new GLONASS-K satellites are 
planned. GLONASS-K1 satellites will have a 10-year design life and clock 
stability of 5x10-14. Only one more GLONASS-K1 satellite will be built and 
launched after that. 

A new design, GLONASS-K2, will start launching in 2013. The K2 satel-
lites will have a 10-year design life and a clock stability of 1x10-14. Besides 
the CDMA signals on L3, CDMA signals will also be transmitted on L1 and 
L2. The GLONASS-K satellites will transmit the legacy FDMA satellites in 
addition to the CDMA signals.

A modernized GLONASS-K satellite, GLONASS-KM, is now under study, 
Revnivykh said. In addition to transmitting legacy FDMA signals on L1 and 
L2 and CDMA signals on L1, L2, and L3, CDMA signals may also be trans-
mitted on the GPS L5 frequency at 1176.45 MHz. If approved and built, the 
GLONASS-KMs would not launch until after 2015.

Russia’s government recently approved extension of the GLONASS 
program through 2020.

GaLiLEo
An update on the European Union’s GNSS program, Galileo, was presented 
by Rene Oosterlinck, who heads the navigation directorate of the European 
Space Agency (ESA).

Launch of four in-orbit validation (IOV) satellites, which are in most 
respects identical to the planned FOC Galileo satellites, is now expected to 
be completed in the course of 2011, beginning with a mid-year launch. A 
new facility has been established in Korou (French Guina) from where the 
IOV SVs will be lifted by a modified Soyuz rocket.

Provision of initial FOC Galileo services is expected by 2014, Ooster-
linck said, including the civil Open Service, encrypted Public Regulated Ser-
vice, and a Search and Rescue Service. The initial constellation will include 
14 SVs now being built by OHB and Surrey Satellite Technology Ltd. as well 
as the 4 IOVs.

Meanwhile, the European Geostationary Navigation Overlay Service 
(EGNOS), a satellite-based augmentation system similar to the U.S. Wide 
Area Augmentation System (WAAS), will be certified for use by civil aviation 
before the end of this year.

ComPass
According to an October 6 NASASpaceFlight.com report, the next Chinese 
launch will likely take place on October 30, when a CZ-3C Chang Zheng-
4C launch vehicle will orbit a new geostationary BeiDou-2 satellite, 

the Compass-G4. Another the BeiDou-2 satellite, the second inclined 
geosynchronous orbit Compass-I2 would be launched before the end of 
the year, according to the report.

Presentations at the NaviForum Shanghai 2010 conference in Sep-
tember, clearly revealed that many Chinese companies are eager to get 
involved with Compass — indeed, a number already have developed or 
are designing equipment that can process the Beidou-2 signals. 

For its part, the Compass program office appears to see promotion 
of a Compass civil market and technical support of Chinese industry as a 
part of its mission — not unlike counterpart organizations in the other 
GNSS provider nations. 

Ran Chengqi, director of the Compass program office, set the tone 
during welcoming and keynotes speeches. “Compass will stimulate a 
huge navigation market in China,” Ran said. “Compass is now one of the 
big four GNSS systems.” 

He listed the three main tasks of the program as satellite 
constellation design including completion of the space and ground 
segments, facilitating user applications, and providing technical 
support to entrepreneurs building GNSS user equipment that can use 
Compass signals. 

Hope for an early release of the draft interface control document 
(ICD) for Compass remains unfulfilled. A fourth revised version of the 
interface specification reportedly has been complete for nearly a year. 

Gengsheng Zhang, an engineer from Qualcomm Inc., asked members 
of a panel discussing development of the Beidou civil application market, 
“Does the Chinese government have a clear timeline for releasing the ICD? 
Why hasn’t it announced the codes?” 

Yang Qiangwen, a senior Compass engineer, acknowledged that the 
national government has still not reach resolution on the issue. “I have 
attended many meetings” on the subject,” Yang said. “One view is that 
the earlier, the better; another view is to create a buffer” before release 
of an ICD, he said. 

QZss
Hiroaki Maeda, lead system engineer for Japan’s Quasi-Zenith Satellite 
System (QZSS), brought the ION GNSS 2010 audience up to date on the 
program, which on September 11 successfully launched its first satellite 
— nicknamed Michibiki.

Developed by the Japan Aerospace Exploration Agency (JAXA), QZSS 
will provide a regional augmentation service to the western Pacific/east 
Asia area. It will broadcast six signals: GPS L1C/A, L1C, L2C and  L5; an 
L1-SAIF (L1-Submeter-class Augmentation with Integrity Function),  
and LEX, an experimental signal with a higher data rate message 
(2Kbps) that is designed to be compatible and interoperable with the 
Galileo E6 signal.

Designed to provide a satellite at near zenith in the region, QZSS will 
increase coverage and availability of PNT services even in urban canyons 
and mountainous areas.

It can also enhance GPS performance by transmitting error correc-
tion and integrity information.

The first satellite is undergoing a three-month On-Orbit-Checkout 
(OOC) period, following which JAXA will carry out a technical  
demonstration phase and then an application demonstration in which 
101 companies will participate. ◆
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navigation novelties

What’s new in the PnT World?

Birds, Bats and Frogs:
it’s all in The Timing. . . .

So, you and the rest of the field crew 
recorded what sounds like several rare birds 
or bats or frogs in places where you thought 
they’d disappeared. Now, how can you tell 
where the sounds are coming from and if 
you’re hearing one creature . . . or several? 

Point transect sampling is widely used 
for monitoring trends in animal populations. 
An observer records sounds detected from 
a point for several minutes. But here’s the 
catch: hopping and flying creatures often 
move around, generating an upward bias in 
the density estimate. 

A Massachusetts-based maker of 
acoustics monitoring systems for threatened 
wildlife species thinks that it has a solution 
for those double- and triple-chirping 
creatures. Wildlife Acoustics has just 
introduced its new Song Meter sM2 GPS 
Time Synchronization Option, which makes 
it possible to synchronize time across 
multiple units — necessary for spatial 
localization.

With the latest firmware update to the 
company’s recorder, latitude and longitude 
coordinates with 15-meter accuracy are 
stored in audio recordings, once each 
second. The software can then be used 
to scroll through spectrograms of the 
recordings and simultaneously display the 
corresponding GPS coordinates.

The option includes a GPS interface card 
and a waterproof external GPS receiver with 
a five-meter cable that connects to the Song 
Meter (in lieu of the external sensor port).

“By creating an array of precisely 
synchronized recorders, the source of a 
sound can be determined by triangulation 
after measuring when the sound reaches 
each of the microphones,” says Wildlife 
Acoustics CEO Ian Agranat. The company 

also plans to offer 
software in the near 
future to automate this 
process”.

 If the GPS antenna 
is attached, the 
SM2 automatically 
synchronizes to the 
GPS clock before the 
scheduled recording 
starts. The recording 
is automatically 
adjusted for the 
duration to maintain 
synchronization. ◆

and while we’re on the  
subject of bats. . .

moths stalked by 
stealth Echolocation
Humans aren’t the only ones developing 
advanced technologies.

Western barbastelle bats in Europe typi-
cally ping out their echolocation calls softly 
enough to locate a moth for dinner before 
the moth hears them coming, Science News 
reported online on August 20.

Holger Goerlitz, a University of Bristol 
(UK) researcher, said this is the first docu-

Rufous-crowned sparrows. Photo: California 
Wikimedia.    

Pacific Tree Frog. Photo: Wikipedia Commons. Bat captures moth. Photo: National Science Foundation.

Wildlife acoustic recorder
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What’s new in the PnT World?

mented case of a bat species outwitting its 
prey by quiet stealth. The battle between bats 
and moths has become a classic system for 
studying the evolution of predators and  
their prey.

In searching for moths, barbastelles echo-
locate at about the 94-decibel level, about the 
same as a busy highway.

This bat version of whispering is 10 to 100 
times lower in amplitude than other aerial-
hunting bats’ echolocation calls — which 
are more like jet engines and World Cup 
vuvuzelas, Goerlitz said in the article.

People can’t hear frequencies high 
enough to detect any of this bat racket — 
“quite lucky for us,” Goerlitz said. ◆

calendar
JANUARY 2011
24-26: ION International Technical 
Meeting (ITM) 2011, Catamaran 
Resort Hotel, San Diego, California   
Contact: ION    
Tel: +1 703-366-2723 
Fax: +1 703-366-2724 
Web: www.ion.org

MAY 2011
15-20: RTCM Annual Assembly,  
St. Pete Beach, FL     
Contact: RTCM     
Tel: + 1 703-527-2000 
Fax: +1 703-351-9932 
Web: www.artcm.org

JUNE 2011 
28-30: JSDE/ION JNC 2011, Crowne 
Plaza Hotel, Colorado Springs, 
Colorado    
Contact: The ION  
Tel: +1 703-366-2723 
Fax: +1 703-366-2724 
Web: www.ion.org

SEPTEMBER 2011 
20-23: ION GNSS 2011, Oregon 
Convention Center, Portland, Oregon    
Contact: The ION  
Tel: +1 703-366-2723 
Fax: +1 703-366-2724 
Web: www.ion.org

JANUARY 2012
30- FEBRUARY 1: ION International 
Technical Meeting (ITM) 2012, 
Marriott Newport Beach Hotel & Spa, 
Newport Beach, California   
Contact: ION    
Tel: +1 703-366-2723 
Fax: +1 703-366-2724 
Web: www.ion.org

APRIL 2012
24-26: IEEE/ION PLANS 2012, Myrtle 
Beach Marriott Resort & Spa, Myrtle 
Beach, South Carolina
Contact: ION    
Tel: +1 703-366-2723 
Fax: +1 703-366-2724 
Web: www.ion.org

JUNE 2012 
12-14: JSDE/ION JNC 2012, Crowne 
Plaza Hotel, Colorado Springs, 
Colorado    
Contact: The ION  
Tel: +1 703-366-2723 
Fax: +1 703-366-2724 
Web: www.ion.orgBat captures moth. Photo: National Science Foundation.

Spectacled Flying-fox at the Cairns Library, Cairns, 
Queensland, Australia, August 2010. Photo: Naomi Dwyer, 
Wikimedia.

Jamming and 
interference
And there’s MORE. While bats generally seem 
to have the upper hand, a species of moth 
actually carries a biological jamming device 
that interferes with bat sonar. 

As reported in the journal Science last 
year, new studies indicate that moths increase 
clicking sounds in order to confuse bat 
echolocation. Normally, a bat attack starts with 
intermittent sounds that increase in frequency 
— up to 200 cries per second — as the bat 
hones in on the moth. 

However, in a study by Wake Forest Univer-
sity researchers, just as bats increased their 
frequency clicks, moths increased their clicks 
up to 4,500 times per second.

As this occurred, the frequency of bat 
sonar decreased, rather than increased, as it 
approached its prey, suggesting that it had lost 
its target.

The biological mechanism behind the 
moth’s defense strategy is still unclear to biolo-
gist Aaron Corcoran, lead author of the study. 
“It demonstrates a new level of escalation in 
the bat–moth evolutionary arms race,” he said 
in a Scientific American interview last July. ◆



The Institute of Navigation sponsors annual cadet awards at the various 
military academies throughout the U.S. Pictured is M/N Salvatore P. Ientile, 
Charlottesville, VA, receiving The Institute of Navigation Award at the 2010  
U.S. Merchant Marine Academy Awards Convocation from Presenter,  
Mr. Charles Hill, Chairman, USMMA Alumni Foundation.

 

2011 ION Officers 
Nominated
The following nominations were 

submitted by the 2011 Nominating 
Committee for officers of The Institute of 
Navigation. The nomination committee 
was chaired by Dr. Christopher Hegarty 
and included three representatives from 
each region.
President

Dr. Todd Walter
Executive Vice President

Dr. Chris Bartone
Ms. Patricia Doherty

Treasurer
Dr. John Betz 
Dr. Frank van Graas

Eastern Vice President
Dr. Anthea Coster
Mr. Doug Taggart

Western Vice President
Mr. Clyde Edgar
Dr. Susan Skone 

Eastern Council Member-at-Large 
Dr. Jacob Campbell 
Ms. Deborah Lawrence

Western Council Member-at-Large 
Dr. Sherman Lo
Mr. Kevin Rudolph

Air Representative
Mr. Laurent Azoulai
Mr. Neeraj Pujara

Land Representative
Dr. R. James Duckworth
Mr. Jeff Hamilton

Marine Representative
Dr. Terry Moore
Mr. Charles Schue

Space Representative
Mr. Frank Czopek 
Dr. Attila Komjathy

Additional Nominees. Pursuant to 
Article V of The Institute of Navigation’s 
bylaws, “additional nominations may be 
made by petition, signed by at least 25 
members entitled to vote for the office 
for which the candidate is nominated.” 
All additional nominees must fulfill 
nomination requirements as indicated 
in the ION bylaws and the nomination 
must be received at the ION National 
Office by November 9, 2010. 

Voting. Voting will be conducted 
electronically via the ION website. 
On-line ballots will be available after 
November 15, 2010. On-line voting 
must be completed by December 6, 
2010 to be counted.

Paper Ballots. If you do not have 
Internet access or prefer to receive 
a paper ballot, please contact us by 
phone, fax, or mail at The Institute of 
Navigation, 8551 Rixlew Lane, Suite 
360, Manassas, VA 20109; 703-366-
2723, voice; 703-366-2724, fax. Please 
allow sufficient time to receive your 
ballot via mail or fax. Completed ballots 
must be received at the ION Office 
by December 6, 2010, to be counted. 
Ballots received after December 6, 2010 
will NOT be counted.

Election Results. Results will 
be announced at the ION 2011 
International Technical Meeting, 
January 24–26, 2011, in San Diego, 
CA. Newly elected officers will take 
office on January 26, at the conclusion 
of the meeting. Election results will be 
reported in the ION Newsletter. u

Help shape policy  
in Washington, D.C. 

To learn more about the 
ION’s Government Fellows 

Programs please visit: 
www.ion.org/outreach/

fellowship_programs.cfm.

This may be a perfect fit  
for you now, or in the future!

ION member News and Notes
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SPONSOR THE ION’s MINI-URBAN CHALLENGE
For information on sponsorship opportunities please contact:
Lisa Beaty, Executive Director
The Institute of Navigation
8551 Rixlew Lane, Suite 360
Manassas, VA 20109-3701
Phone: 703-366-2723
Fax: 703-366-2724
E-mail: Lbeaty@ion.org

“Sponsoring the ION’s Mini-Urban 
Challenge positions us as a leader 
in helping to shape and attract the  
next generation of talent.”

   Dr. Mikel Miller, AFRL
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Defense Matters 
Achieving a Well-Rounded PNT Capability
By Doug Taggart

This is the 

second  

installment of a 

regular column  

on navigation  

topics related to 

defense and  

security.

Doug Taggart is president of Overlook 
Systems Technologies, Inc. In addition to 
his day job, he is currently serving as the 
IEEE-USA Chairman for the Committee on 
Transportation and Aerospace Policy, which 
identifies as one of its key mission areas 

a commitment to support the careers and public 
policy interests of IEEE’s U.S. members in appropriate 
professional areas of economic, ethical, legislative, 
social, and technology policies in the United States  
He was an ION Congressional Fellow in 2005/2006  
and is currrently serving on the ION Council.

The Art of Navigation, once viewed as a specialty within the 
maritime and later aviation communities, has long been founded 

on the notion that prudent mariners (navigators) rely on multiple 
navigational aids to determine the position of their vessels or aircraft. 

These traditional navigators were integrators of a diverse set of 
observables that they correlated to build confidence (integrity) into 
their position information. For example, a ship’s navigator correlated a 
visual fix with a radar position, and the depth of water as measured on a 
fathometer with a nautical chart, thereby ensuring the reliability of and 
confidence in the ship’s position.

Positioning, navigation and timing (PNT) information provided by a 
Global Navigation Satellite System (GNSS), in particular GPS, has all but 
made the Navigator obsolete. Unfortunately, the PNT user, who once cor-
related multiple sources of PNT information, in many cases now relies 
on only a single source. 

One Is the Loneliest Number
Reliance on one signal from space is unacceptable. In order to remedy 
this situation the equipment used to present PNT information to the end 
user must be developed with the traditional navigator skills in mind. 

Expectations for precision in positioning and timing information 
demand that user equipment become the 21st century equivalent of the 
traditional Navigator. Reception, authentication, and correlation of mul-
tiple sources of PNT information are required. It is with this perspective 
in mind that we will build a well-rounded, healthy PNT capability. 

As we modernize PNT capability, there must be an appropriate em-
phasis on providing information from multiple sources, space being one. 
We must also emphasize developing and fielding user equipment that 
can receive and authenticate a variety of PNT information sources. This 
includes signals of opportunity not necessarily intended by the provider 
as a PNT source.

Providing PNT signals from space makes a lot of sense for reasons 
we all know, and GNSS-derived PNT information has certainly proven its 
worth. However, by concentrating PNT service into a few-space based 
systems, natural vulnerabilities arise. 

The ubiquitous nature of GNSS provided PNT information is difficult, 
if not impossible to replicate via non-space based systems. The key to 
success will be a “system of systems” architecture that recognizes the 
strengths and weaknesses of any number of PNT information sources 
and that integrates them in user equipment while providing precise time 
and position in a contested environment. 

Building a System of Systems
As the PNT community and users have become aware of GNSS 
vulnerabilities, some hue and cry has arisen for back-ups capable of 
delivering a globally available, ubiquitous PNT source on par with GPS. 

This is an unrealistic expectation. The “system of systems” approach 
using multiple PNT sources — including self-contained, autonomous 
clocks and inertials — is a better approach. 

The reliability and availability of GPS-provided PNT information 
has created an expectation for ubiquitous precise time and position 
and has resulted in the proliferation of inexpensive, single-source/
single-system user equipment. In today’s increasingly dangerous world, 
our reliance on precise PNT information 
for commerce, critical infrastructure and 
military operations demands a better answer. 
That answer includes strengthening our 
GNSS system; developing new, autonomous 
sources; exploiting signals of opportunity, and 
developing user equipment that can exploit 
these other sources of PNT as equal partners. 
Today, it is important that user equipment 
provide 21st century PNT users with the 
integrity and cross-checks provided by the 
skilled navigators of a previous era. 

I believe the ION, as a focused group of 
navigation experts, needs to do more to help 
guide the development of PNT user equip-
ment that can integrate multiple sources of 
PNT information and provide high confidence 
and availability of PNT information to all 
users. A PNT system-of-systems architecture 
must include user equipment that is actively 
working with the rest of this multi-source system to provide reliable 
and available PNT information. The ION can and should encourage 
this endeavor. u

Acknowledgment: Thanks to Chet Arnold, Overlook Systems, for his 
assistance with this column.
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In October, the Defense Advanced 
Research Projects Agency (DARPA) 

issued initial contracts for its new Trans-
former (TX) program that seeks to com-
bine the advantages of ground vehicles 
and helicopters into a single vehicle 
equipped with flexibility of movement. 

The program aims to develop a 
robust ground vehicle that can trans-
form into an air vehicle with vertical 
take-off and landing (VTOL) capability. 
Desired capabilities include a guidance 
and flight control system that will enable 
semi-autonomous flight, permitting a 
nonpilot to perform VTOLs and transi-
tion into forward flight, 
while updating the flight 
path in response to chang-
ing mission requirements 
or threats.

Operational objectives 
for Transformer vehicles 
include being able to 
travel 250 nautical miles 
on land, in the air, or 
any combination, while 
carrying up to 1,000 
pounds. This payload 
requirement represents 
up to four soldiers and 
their equipment, including 
a medical evacuation 
capability.

If these goals are 
achieved, transportation 
will no longer be restricted 
to trafficable terrain that tends to make 
movement predictable and vulnerable 
to attack. Key to the success of this 
technology is the ability for guidance, 
navigation, and control of the TX to be 
conducted without a dedicated pilot — 
increasing operational flexibility.

Transformer vehicles could allow for 
improved resupply operations, fire-team 

insertion and extraction, and reduced 
time for medical evacuation. 

DARPA has selected six vendors to 
participate in a 12-month, first-phase 
effort: AAI Corporation and Lockheed 
Martin Company, prime system integra-
tors; Carnegie Mellon University and Pratt 
& Whitney Rocketdyne, developers of criti-
cal enabling technology; and Aurora Flight 

DARPA Kicks Off 
Transformer Program

Sciences partnered with ThinGap, and 
Metis Design Corp, Small Business In-
novation Research (SBIR) recipients.

During the program’s initial phase, 
the contractors will conduct trade 
studies to develop and mature propul-
sion systems, adaptable wing struc-
tures, advanced lightweight materials, 
the advanced flight control system, the 
air/ground configuration designs, and 
energy distribution systems. 

The developers of critical 
enabling technologies will work 
with the prime system integrators, 
incorporating their technology for 
a possible second phase. According 
to DARPA, these trade studies will 
allow for development of a detailed 
technology maturation plan to ensure 
a feasible design of the vehicle and its 
supporting technology. Results of this 
initial phase will be used by DARPA to 
inform future phases. u

Artist’s illustration of AAI (upper) and Lockheed 
Martin Transformer concepts.
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corporate 
profile

Atlantic Inertial Systems 
(AIS) is a leading supplier of 
mission critical hardware to 250 
programs in 28 countries. 

AIS employs over 1,000 people 
at operations on three continents 
and has extensive capabilities 
including:

•	 Systems	Design

•	 Kalman	Filter	Design

•	 High	Volume	Production	of	
Inertial Sensors and Systems

•	 Systems	Test

•	 MEMS	Sensor	Design	and	
Fabrication

•	 Mission	Simulation

AIS is owned by Goodrich 
Corporation, one of the largest 
worldwide aerospace and 
defense suppliers, providing 
a range of proprietary flight 
critical systems and products. 
Combining engineering strengths 
and technology will enable 
support to customers worldwide, 
across the full spectrum of 
guidance and control systems.

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

Atlantic Inertial Systems, Inc. 
www.atlanticinertial.com  

DataGrid, Inc. 
www.datagrid-international.com 

DW International, Ltd. 
www.dwint.com  

EMCORE 
www.emcore.com  

Fraunhofer IIS 
www.fraunhofer.org 

MTRG CESRE CSIRO 
www.csiro.au/science/mining-science.html  

National Instruments Co. 
www.ni.com 

Renesas Design France 
www.rdf.renesas.com

For more information on corporate membership  
in The Institute of Navigation, please contact 
Kenneth P. Esthus at 703-366-2723, ext 104,  
or visit us at www.ion.org.$60 Each (Electronic Version Only)

(Shipping & Handling Additional)

Call 703-366-2723

Or order online at
www.ion.org

Soon You’ll Be Seeing RED!
 A New GPS Red Book on 

Integrated Systems
 

(Vol. VII)  Coming SOON!
GLOBAL

POSITIONING

SYSTEM

Published and Invited Papers

Volume VII

THE INSTITUTE OF NAVIGATION

SELECTED PAPERS ON

INTEGRATED SYSTEMS

Get 
Yours
Today!

EXHIBIT SPACE IS AVAILABLE!

 www.jointnavigation.com

Co-Sponsored by: 
Joint Service Data Exchange (JSDE) 
and The Institute of Navigation (ION)

June 27–30, 2011 
Tutorials June 27

Crowne Plaza Hotel 
Colorado Springs, Colorado

n Warfighter Requirements & Solutions
n Multi-Sensor Solutions for Guidance, 

Navigation, and Control
n Navigating in Challenged Environments 

(e.g. Urban, Indoor and Sub-Surface 
Navigation)

n Collaborative Navigation Techniques
n Land Applications
n Alternate Navigation Technologies:  

I and II 

n Marine Applications
n Space & Satellite Applications
n Aviation Applications
 Micro Navigation Applications
n Robust Navigation Systems/Solutions
 Missile Applications
 GPS Modernization
 GPS Constellation Performance
n Military GPS/Antenna Technologies 

and Interference Mitigation

n Military GPS Receivers and Military 
GPS Receiver Technology

n Military GPS Use and Experiences
n GPS in Military Applications/Naviga-

tion Warfare
n Modeling & Simulation
n Classified Session Sponsored by: The 

Joint Navigation Warfare Center  
(classified 4-Eyes) 

n Cross-Talk Panel (classified 4- Eyes)

SESSION TOPICS:

“Military Navigation Technology: The Foundation for Military Ops”

NEW!

NEW!

NEW!

NEW!
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       January 5 is the last day to pre-register to avoid a late fee and to obtain the discounted hotel rate!

Partial list of session topics: 

www.ion.org  •  www.ion.org  •  www.ion.org  •  www.ion.org  •  www.ion.org

    The Institute of Navigation

2011 International Technical Meeting
January 24-26, 2011  •  Catamaran Resort Hotel  •  San Diego, California

Don’t miss the dynamic Plenary Session:  Robotics Navigation – for surveillance, search and rescue,  
underground and underwater robotics, and unmanned air vehicles.

•	 Algorithms	and	Methods

•	 Alternative	Sensors	and	
Emerging  
Navigation Technologies

•	 Atmospheric	Effects	and	
Remote Sensing

•	 Autonomous	Robot	and	
Vehicle Navigation

•	 Interference	and	Spectrum	
Management

•	 Carrier	Phase	Based	
Positioning

•	 GNSS	Modernization

•	 Ground-based	
Augmentation Systems

•	 Aviation	Applications		

•	 Land	Based	Applications

•	 Marine	Based	Applications

•	 Multisensor	Navigation

•	 Receiver	and	Antenna	
Technology

•	 Space	Based	Applications

•	 Space-based	
Augmentation Systems

•	 Urban	and	Indoor	
Navigation Technology 

•	 PLENARY	

•	 QZSS 

CURRENT TECHNOLOGIES           FUTURE TRENDS


