
the OCX development effort is running 
seriously beyond its planned budget 
boundaries means cancellation of the 
program is now automatic unless Secre-
tary of Defense Ashton Carter certifies 
to Congress the necessity for OCX and 
describes how the Pentagon will bring its 
costs and schedule back in line.

With the fresh start of a new federal 
fiscal year just weeks away, Gen. Hyten 
wrote about the plans he has for the GPS 

The following interview first appeared 
in the ION GNSS+ 2016 Show Daily on 
September 14. Since then, Gen. Hyten 
has been confirmed as the commander 
of U.S. Strategic Command. His 
replacement at Air Force Space Com-
mand is USAF Lt. Gen. John Raymond.

Since Gen. John E. Hyten assumed 
leadership of Air Force Space Com-

mand in August 2014, he has been wres-
tling with a host of challenges including 
delays in the modernization programs for 
the GPS space segment and GPS military 
user equipment. 

Moreover, this summer, the Air Force 
declared a critical Nunn-McCurdy breach 
for the Next Generation Operational 
Control System (OCX), the new GPS 
ground system. This determination that 
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LIGHT POSITIONING continued on page 19

GENERAL HYTEN  continued on page 6

GENERAL JOHN HYTEN

Interview with U.S.  
Air Force Space Commander

LIGHT POSITIONING

Australian Team 
Develops Light-
Based Positioning

Researchers at the University of South 
Australia have given a whole new 

navigational depth of meaning to the 
expression “lighting the way.”

The university’s Institute for Telecom-
munications Research has developed 
an indoor positioning system that uses 
visible light derived from simple hard-
ware such as LEDs and photodiodes. 
Called LiPo, the system employs specially 
designed receivers that can calculate a 
position based on the light intensity and 
emission angle of the lighting system. 

Its creators are targeting such indoor 
positioning applications as navigation and 
location-based services, providing these 
in environments where GNSS signals are 
blocked or attenuated. 

LiPo has an average error of less than 
six centimeters in a typical office with 

General John Hyten, commander of Air 
Force Space Command, speaks during 
a Space Symposium Program April 12, 
2016, at the Broadmoor Hotel in Colorado, 
Springs, Colo. Hyten discussed the training 
of space warfighters and what improve-
ments can be made for them to have 
quicker and more effective responses. 
(U.S. Air Force photo by Airman 1st Class Gabrielle 
Spradling/Released)

For more coverage 
of ION GNSS+, 
please see the 
President's Letter 
on page 2 and 
highlights on 
pages 4-9.
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I would like congratulate the Satellite 
Division on a successful ION GNSS+ 

conference this past month where the 
Division cel-
ebrated its 30th 
anniversary with 
a “totally radi-
cal” throwback to 
the 1980s-styled 
social event, while 
still managing to 
produce a high 
quality technical 
event. 

More than a 1,000 of the world’s 
leading authorities on global navigation 
satellite systems (GNSS) gathered for 
a week of technical meetings and to 
view the showcase of GNSS technology, 
products and services on display in the 
GNSS exhibit hall. Thank you to all 
the volunteers that contributed to the 
event in the many and varied capacities 
including session chairs, peer reviewers, 
program organizers, exhibitors, and our 
commercial sponsors.

ION GNSS+ 2016 Favorites
This year we added a new component 
with a track of independently peer-
reviewed papers, which we plan to repeat 
next year. The peer review process is 
essential to maintaining standards of 
quality, providing credibility and contrib-
uting to the advancement of our field. 
And for this, we are grateful for the work 
and support of all our reviewers. 

During the ION GNSS+ awards 
luncheon we took a moment to publi-
cally recognize Dr. Daniele Borio, EC, 
Joint Research Center, Italy; Dr. Seebany 
Datta-Barua, IIT; Dr. Pratap Misra, Tufts 
University; Mr. John Nielson, Rockwell 
Collins; and Dr. Michael Veth, Veth 
Research Associates, with a bouquet of 
red pencils. These individuals, none of 
whom were members of the program 
committee for the event for which they 
were being recognized or are members of 

ION’s editorial board, selflessly provided 
quality and timely reviews when called 
upon to do so and were hailed as exam-
ples of professionals who demonstrated 
outstanding contributions in their role as 
a peer reviewer for various ION activities 
throughout the past year. Thank you to 
all you who selflessly gave your time and 
talents to perform peer reviews. 

My personal favorites of the ION 
GNSS+ 2016 were the Google workshop 
on how to acquire raw GNSS measure-
ments from Android phones, the panel 
session on Urban Navigation, and the 
technical sessions on UAV navigation, 
and cooperative and collaborative naviga-
tion. In addition to these, particularly 
interesting to me was the session on 
multisensor navigation in challenging 
environments. 

I very much enjoyed the hands-on ex-
perience offered by the Google team, not 
to mention the cool Android T-shirts and 
certificates that we all received, stating 
“you are one of the first 100 people on 
Earth, to get GNSS measurements from 
a phone, compute pseudoranges, and 
calculate your own location from them.” 
How cool is it to show this certificate to 
your students? 

The highlight of the ION GNSS+ was, 
as always, the reception in the exhibit hall 
that allowed the attendees to not only 
learn the latest in PNT technology, but do 
so while sipping a drink and chatting with 
colleagues and industry representatives. 
Many thanks to the exhibitors for keeping 
up with this great ION GNSS+ tradition!

Well, I have another favorite that I’d 
like to mention – the 1980s party later 

that night was a blast! The music was 
great, and it was so cool to see Lisa Beaty 
in the shiny ‘80s costume dancing the 
night away! 

On a Personal  
(and Professional) Note
I would also like to take this opportunity 
and thank the Satellite Division and the 
Institute of Navigation for awarding me 
with the 2016 Johannes Kepler Award. 
You totally took me by surprise! 

I always enjoy listening to the clues 
with which the Kepler award winner is 
introduced, trying to figure out who the 
recipient is, but this time after the second 
clue I starting sinking in my chair, saying 
to myself, it cannot be true . . . but after 
the third clue I knew it was true (and I 
knew who provided this clue!). Then I 
entered the panic mode thinking, how 
on earth am I supposed to say something 
sensible, which would fully express how 
humbled and touched and honored I was 
by this recognition, and how to make 
sure that I thank all my mentors, collabo-
rators, students, family and friends . . . as 
without them, I would have never been 
in the position to receive this honor. 

To all the prior recipients of the 
Johannes Keppler Award: I am incred-
ibly honored to join such a distinguished 
group, and to those, who nominated me 
and provided letters of support — my 
deepest gratitude for this amazing honor. 
Thank you for giving me the “Oscar mo-
ment”! (See accompany article on page 4)

Women in PNT
ION hosted our second Women in Po-

sitioning, Navigation, 
and Timing (PNT) 
event, in conjunction 
with the ION GNSS+ 
technical meeting. 
The ION’s Women in 
PNT is a voluntary 
networking initiative 
that is designed to 

FROM THE ION PRESIDENT, DR. DOROTA GREJNER-BRZEZINSKA

ION GNSS+ 2016
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support and engage women who are in 
the early stages of their PNT careers, and 
to provide them with the opportunity to 
engage with senior-level mentors who are 
established, experienced, and seasoned 
PNT professionals. This year’s event 
included a professional development 
speaker on strategies for optimizing pro-
fessional development and professional 
negotiating. 

I would like to extend special apprecia-
tion to Ellen Hall and Sandy Kennedy, 
who secured the Spirent Federal Systems 
and NovAtel, Inc. sponsorships that made 
this event possible. Thank you!

ION Council and Committee Meet
The ION Council and several of the 
ION’s committees met and transacted 
ION business while in Portland. We 
were extremely pleased to report that the 
ION journal’s impact factor has almost 
doubled since NAVIGATION became 
indexed last year. Submissions are up 
substantially, too, which has led to an 
increase in the number of papers ION is 
publishing in NAVIGATION, and most 
recently the editorial board has decided 
to begin publishing papers online as soon 
as the editorial process is completed. 
This will allow for availability and cita-
tions of the articles prior to circulation 
of the printed NAVIGATION volumes. 
A resounding thank-you to Dr. Boris 
Pervan, editor of NAVIGATION and his 

entire editorial board for this magnificent 
accomplishment. 

The Council also approved an up-
dated version of the ION Strategic Plan. 
Further, after having reviewed several ver-
sions at pervious Council meetings and 
with some onsite editing, the Council 
also approved an ION Code of Ethics 
(see page 7). You will find the Strategic 
Plan and ION Code of Ethics posted 
on the ION website. An action has been 
taken to appoint an Ethics Chair to make 
a recommendation to the Council as to 
the role the ethics policy should play in 
the organization and the membership, 
as well as the future scope of the Ethics 
Chair/Committee. Later in the week the 
ION Executive Committee approved the 
ION’s annual audited financial state-
ment. See the website for updated docu-
ments that will be formally presented to 
Council at the January 30, 2017, Council 
meeting.

Finally, I look forward to seeing all 
of you in Monterey, California, from 
January 30–February 2 for the co-located 
2017 International Technical Meeting 
and Precise Time and Time Interval 
Systems and Applications Meetings. Dur-
ing this event, the ION’s 2016 Annual 
Awards will be presented and the 2017 
ION Fellows will be named. See the 
website for the full technical program and 
registration information. 
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Kepler Winner
For outstanding contributions in 
advancing high-accuracy GNSS/INS 
integrated systems, educating future 
navigation leaders, and for strengthen-
ing the ties between satellite navigation 
and geodesy.
Since the early 1990s, Dr. Dorota 
Grejner-Brzezinska has demonstrated 
sustained and significant contribu-
tions in advancing research in ap-
plications of GPS/GNSS and multi-
sensor integrated systems. The widely 
known accumulated expertise in her 
field involved numerous graduate 
students, post-doctoral reserachers 
and many national and international 
collaborators.

Early in her career, Dr. Dorota 
Grejner-Brzezinska developed a novel 
approach to computing high precision 
GPS orbits that demonstrated the unique 
capability of diurnal and semi-diurnal 
Earth Rotation Parameters estimation 
using GPS signals. This led to advanced 
development of NASA-sponsored new 
approach (P-KOD™) to precise orbit 
determination for Low Earth Orbiters.

In the mid-1990s, Dr. Dorota Grejner-
Brzezinska pioneered the development of 
the GPS/INS component of the first fully 
digital and directly georeferenced GPS/
INS/CCD integrated airborne remote 
sensing system, AIMS™, sponsored by 
NASA, FDOT, Northrop Grumman, 
Lockheed Martin Fairchild and Trimble.

More than 1,000 del-
egates from around the 

world converged on Portland, 
Oregon, this September for 
the 29th annual International 
Technical Meeting of the 
ION Satellite Division, better 
known as ION GNSS+ 2016. 
The folowing pages present 
some of the highlights from 
that event.

ION SATELLITE DIVISION

ION GNSS+ 2016: Highlights 
In early 2000, her research delivered 

groundbreaking network-based RTK 
GPS software. The algorithms developed 
under this project, sponsored by NGS, 
were subsequently used to design the pro-
totype of the NGS’s Online Positioning 
User Service - Rapid Static (OPUS-RS) 
module. 

In mid-2000’s, Dr. Dorota Grejner-
Brzezinska led the design and prototyping 
of the NGA-sponsored multi-sensor and 
artificial intelligence (AI) personal naviga-
tor for emergency crews and dismounted 
soldiers using human locomotion model 
for Dead Reckoning navigation. The 
originality of this contribution was in 

implementing an AI Knowledge Based 
System, using Artificial Neural Networks 
and Fuzzy Logic to model human loco-

Dr. Dorota Grejner-Brzezinska
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Thanks to ION GNSS+ 2016 Meeting Organizers

Technical Program Committee: Dr. Kurt Zimmerman, Dr. Brent Ledvina, Dr. Alex Stratton, 
Mr. Neil Gerein, Dr. Sherman Lo, Dr. Jiyun Lee, Dr. Heidi Kuusniemi and Dr. Michael Veth.

ION GNSS Meeting Organizers: Dr. Frank van Diggelen, Plenary Session Chair; Nobel 
Laureate Prof. John O’Keefe, Keynote Speaker; Ms. Patricia Doherty, Tutorials Chair; and 
Dr. John Betz, General Chair.

motion that was enhanced by integrating 
unconventional indoor 3D image-based 
navigation technology. For this research, 
Dr. Grejner-Brzezinska and her team 
were awarded the 2005 USGIF Academic 
Research Award.

Her most recent significant contribu-
tions include the design and implemen-
tation of the Advanced Geolocation 
Technology supporting detection and 
classification of unexploded ordnance, 
sponsored by SERDP/ESTCP, and devel-
opment of a novel approach of detecting 
clandestine nuclear explosions using iono-
spheric-like disturbance of GPS signals.

Dr. Grejner-Brzezinska facilitated the 
establishment of professional partnerships 
between ION and ISPRS, FIG, and IAG, 
drawing on her international research 
collaborations and recognized broad ex-
pertise. She organized numerous interna-
tional joint symposia sessions, which lead 
to significant exchange of new research 
ideas and advancing the state-of-the-art in 
navigation science and related disciplines. 
Dr. Grejner-Brzezinska has contributed to 
educating and training numerous naviga-
tion science professionals and young 
leaders. She is the recipient of the USGIF 
- U.S. Geospatial Intelligence Foundation 
Academic Research Award (2005 and 
2015), ION Thurlow Award (2005) and 
the Outstanding Achievement Award for 
“Pioneering contributions in developing 
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program in response to a series of ques-
tions from Inside GNSS.
Inside GNSS: What goals do you want 
to see the GPS program achieve over the 
coming fiscal year? What factors could 
impact the GPS program’s chances of 
achieving those goals?

Gen. Hyten: My main goal this next 
year is stabilizing modernization of the 
GPS Enterprise. GPS is a worldwide en-
abler that billions of users depend on, and 
it’s critical to keeping the United States in 
the forefront of position, navigation, and 
timing (PNT) services across the globe. 
To do that, we need to get OCX through 
the Nunn-McCurdy process. Once the 
Department makes its decision on the 
way forward, we’ll need to move out 
smartly on a supportable baseline. 

On the space side, the GPS III satel-
lites are moving closer to launch avail-
ability. We have a few technical issues to 
sort through, but that’s to be expected 
on a first-of-a-line satellite. I was very 
encouraged with GPS III Space Vehicle-1 
successfully completing thermal-vacuum 
testing in just two and half months. 
That’s quite a feat for a first article. 
We’re also moving forward this next year 
toward the full production of GPS III; 
so, it’s really important that we lock in 
the requirements and set to give it a solid 
foundation. 

I shouldn’t forget about GPS User 
Equipment. We have a big acquisition 

milestone coming up in October and are 
working through some tough challenges 
to get Military-Code (M-Code), the most 
secure anti-jam & anti-spoof navigation 
and timing capability ever provided, 
delivered to the Services. It’s vital to 
delivering reliable military GPS capability 
to the Services.

A critical factor for all these programs 
is a stable budget picture that will ensure 
we can accomplish all of this next year 
and set us on a path for success. An 
equally important goal in achieving mod-
ernization is taking care of our people. 
Air Force Space Command has some of 
the world’s preeminent experts in PNT 
supporting the program. GPS is a “global 
utility” and, while we have some tough 
challenges ahead of us, my entire govern-
ment and contractor team is incredibly 
committed to the mission. I’m equally 
committed to providing them the tools 
and support they need to be successful.

Inside GNSS: The Air Force has put 
contingency plans into place in case the 
OCX system, as now envisioned, cannot 
be completed successfully. What is the 
long-term plan if the current OCX pro-
gram cannot be fully executed? Must the 
Air Force start over on developing a new 
ground system or are those contingency 
plans potentially the foundation for a 
permanent solution?

Gen. Hyten: It would be premature for 
me to speculate on long-term plans based 
on a final decision on OCX. I can say 
that the Air Force has already made the 
decision to implement GPS III Contin-
gency Operations (COps) to mitigate 
OCX delays. Our work on this COps ca-
pability is in parallel with OCX Block 0. 
It will allow Air Force Space Command 
to launch and fly the GPS III constella-
tion at a capability level commensurate 
with GPS IIF and maintain constella-
tion reliability. We expect OCX Block 0 
delivery by May 2017 and COps delivery 
by April 2019. 

Inside GNSS: Efforts to speed develop-
ment of new M-code capable cards 

GENERAL HYTEN  continued from page 1and promoting mobile mapping tech-
nology,” Mobile Mapping Technology 
International Symposia Series Committee 
(2015). She is an ION, Royal Institute of 
Navigation (RIN) and IAG Fellow. Dr. 
Grejner-Brzezinska has served in leader-
ship roles in numerous organizations and 
is currently ION president.

Parkinson Award  
Winner
Dr. Emily McMilin, Stanford Univer-
sity received the Bradford W. Parkinson 
Award for her thesis: Single Antenna 
Null-Steering for GPS & GNSS Aerial 
Applications. This award, which honors 

Dr. Parkinson for his leadership in estab-
lishing for the U.S. Global Positioning 
System and the ION’s Satellite Division, 
included a personalized plaque and a 
$2,500 honorarium. ION

Dr. Emily McMilin
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remains committed to delivering unpar-
alleled space-based position, navigation 
and timing services, and will assess the 
evolving threats, generate requirements 
responsive to meet those threats, with 
balance against the reality of ever-tight-
ening budgets. We recently also began a 
Production Readiness Feasibility Assess-
ment to better understand if industry 
has production ready designs to meet 
our requirements.

Inside GNSS: There has been interest 
expressed in the past about incorporating 
the signals of non-GPS satel lite naviga-
tion constellations into military user 
equipment and operations. Where does 
work on that idea stand and what kind of 
potential do you see for this concept?

Gen. Hyten: Incorporating the 
capability to track signals from other 
Global Navigation Satellite Systems 
(GNSS) into military user equipment 
provides the possibility of improving 
resilience to jamming, spoofing, and 
operations in obstructed terrain. The 
challenge for Air Force Space Com-
mand would be ensuring the integrity 
of the foreign signals. 

There is extensive work going on 
within the GPS community to develop 
approaches to assess multi-GNSS integ-
rity. The Department of Transportation is 
taking the lead on the main effort, known 
as Advanced Receiver Autonomous Integ-
rity Monitoring (ARAIM), with support 
from the Space and Missile Systems 
Center (SMC) and PNT experts from 
academia. Once the technical aspects 
are well understood, the Command will 
ensure that potential approaches are com-
municated and coordinated throughout 
the PNT community. ION

ION Code of Ethics
Approved by Council September 12, 2016
Members of ION are expected to uphold high standards of ethical conduct and hereby 
agree to:
1. Promote the lawful and ethical interests of ION and all science related to positioning, 

navigation, and timing;
2. Avoid real or perceived conflicts of interest whenever possible, and to disclose them 

to affected parties when they do exist;
3. Reject bribery, fraud, and corruption in all their forms;
4. Treat fairly and respectfully all people, without discrimination, recognizing their 

unique contributions and capabilities;
5. Present information in a truthful and objective manner, properly credit the contribu-

tions of others, accept and offer honest and constructive criticism of technical work, 
and acknowledge and correct errors;

6. Maintain and improve our professional competencies throughout our careers and 
provide opportunities for the professional development of co-workers, colleagues and 
students; and

7. Avoid harming others, their property, their reputations or their employment through 
false or malicious statements or through unlawful or otherwise wrongful acts.

for the Military GPS User Equipment 
(MGUE) program have hit some snags. 
What changes, if any, is the Air Force 
considering for the MGUE program?

Gen. Hyten: The basic strategy of the 
MGUE program is not changing. We are 
working closely with our industry partners, 
L-3, Raytheon, and Rockwell Collins, in a 
competitive marketplace environment to 
deliver next-generation, secure M-Code 
capability. We’ve put a lot of emphasis in 
testing our prototypes to characterize per-
formance and provide feedback to industry. 
The Air Force is also working hard with the 
services to ensure a common understand-
ing of requirements for Increment 1, our 
first delivery, and to support integration 
into lead weapon system platforms across 
the Department of Defense.
Inside GNSS: What changes, if any, is 
Space Command considering for the 
GPS III program — perhaps to re-
flect program shifts, take advantage of 
technological advances, or to address the 
evolving threat to space assets?

Gen. Hyten: The program to acquire 
GPS III Space Vehicles 1–10 has indeed 
adapted to new technological develop-
ments such as upgraded solar arrays 
and Li-Ion batteries. In the next block 
of GPS III satellites (Space Vehicles 
11–32), Air Force Space Command 

Gen. John Hyten, the Air 
Force Space Command 
commander, speaks to the 
audience on maintaining 
space and cyber capabilities 
during the 2014 Air Force 
Association Air and Space 
Conference Technology and 
Exposition, Sept. 16, 2014, 
in Washington, D.C. As 
AFSPC commander, Hyten 
was responsible for organiz-
ing, equipping, training and 
maintaining mission-ready 
space and cyberspace 
forces and capabilities for 
North American Aerospace 
Defense Command, U.S. 
Strategic Command, and 
other combatant com-
mands around the world. 
U.S. Air Force photo/ 
Staff Sgt. Matt Davis
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Session A1: Advances in GNSS Software-
defined Receivers 
Accelerating GNSS Software Receivers: Carles 
Fernández-Prades, Javier Arribas, Pau Closas, 
Centre Tecnològic de Telecomunicacions de 
Catalunya (CTTC), Spain
Simultaneous Frequency Search with a 
Randomized Dirichlet Kernel for Fast GPS Signal 
Acquisition: Chun Yang, Sigtem Technology, 
Inc.; Andrey Soloviev, QuNav; Michael Veth, 
Veth Research Associates; Erik Blasch, Air Force 
Research Laboratory 

Session B1: Multisensor Navigation in 
Challenging Environments 1
Plug and Play Sensor Fusion for Lane-Level 
Positioning of Connected Cars in GNSS-Challenged 
Environments: Andrey Soloviev, QuNav; 
Michael Veth, Aerial Autonomy; Chun Yang, 
QuNav 

Session C1: GNSS Augmentation Systems 
and Integrity 1
Expanded Ionospheric Estimation and Threat 
Model Algorithms for SBAS: Eugene Bang, Korea 
Advanced Institute of Science and Technology, 
South Korea

Session D1b: Land-Based Applications 1
An Integrated Algorithm Based on BeiDou/GPS/
IMU and its Application for Anomalous Driving 
Detection: Rui Sun, Nanjing University of 
Aeronautics and Astronautics, China; Ke 
Han, Jun Hu, Imperial College London, 
UK; Hongyang Bai, Nanjing University of 

Science and Technology, China; Washington Y. 
Ochieng, Imperial College London, UK

Session F1: GNSS+ Augmentations for 
High Performance and Safety Critical 
Applications
Authentication Concepts for Satellite-Based 
Augmentation Systems: Andrea Dalla Chiara, 
Giacomo Da Broi, Oscar Pozzobon, Qascom, 
Italy; Silvia Sturaro, Gianluca Caparra, 
Nicola Laurenti, University of Padova, 
Italy; Javier Fidalgo, Miguel Odriozola, 
José Caro Ramon, GMV, Spain; Ignacio 
Fernandez-Hernandez, Eric Chatre, European 
Commission, Belgium

Session A2: GNSS Receiver Processing and 
Navigation Algorithms 1
Performance Evaluations of an Equatorial GPS 
Amplitude Scintillation Detector Using a Machine 
Learning Algorithm: Yu Jiao, John Hall, Yu 
(Jade) Morton, Colorado State University

Session B2: Remote Sensing, Space 
Applications, Timing, and Clock Technology
Multi-receiver GPS-based Direct Time Estimation 
for PMU: Sriramya Bhamidipati, Yuting Ng 
and Grace Xingxin Gao, University of Illinois 
at Urbana-Champaign

Session C2: UAV Navigation 
Signals of Opportunity Aided Inertial Navigation: 
Joshua J. Morales, Paul F. Roysdon, and 
Zaher M. Kassas; University of California, 
Riverside

Session F2: Precise Point Positioning (PPP) 
and L-band Services
Demonstration: E5b Signal Containing Value-Added 
Information Broadcast in Real Time via the SES 
ASTRA 5B GEO Satellite: Marion Aubault-
Roudier, Denis Laurichesse, CNES, France; 
Hanaa Al Bitar, Mathieu Raimondi, Pierre 
Lesage, Arnault Sfeir, Michael Klein, Thales 
Alenia Space, France; Matthieu Sihrener, 
ESSP, France; Nicolas Ramponi, SES Techcom, 
Luxembourg

Session A3: Signal Processing for 
Degraded Environments
Band-limiting and Dispersive Effects on High Order 
BOC Signals: Cillian O’Driscoll, Independent 
Consultant, Ireland; José Ángel Ávila-
Rodríguez, Rigas Ioannides, ESA/ESTEC, The 
Netherlands

Session D3: High Precision GNSS 
Positioning 1
Multi-GNSS PPP Performance Assessment with 
Different Ranging Accuracies in Challenging 
Scenarios: Javier Míguez, European Space 
Agency (ESA) and Universitat Autònoma 
de Barcelona (UAB), Spain; José V. Perello 
Gisbert, Raúl Orus Pérez, J. Antonio García-
Molina, ESA, The Netherlands; Xavi Serena, 
GMV Innovating Solutions, Spain; Francisco 
Gonzalez, ESA; Gonzalo Seco Granados, 
UAB, Spain; Massimo Crisci, ESA, The 
Netherlands 

Best Presentations Awards

ION GNSS+ Student Paper 
Winners: The Satellite 
Division awarded eight 
students with Student Paper 
Awards.  Student award 
winners were selected by 
recognized industry and 
academic experts in their 
fields.  Pictured: Huiben 
Zhang, Queensland University 
of Technology, Australia; 
Eugene Bang, Korea 
Advanced Institute of Science 
& Technology, South Korea; 
Olalekan Adekunle Isioye, 
University of Pretoria, South 
Africa; Safoora Zaminpardaz, 
Curtin University, Australia; 
Yan Xiang, University of 
Calgary, Canada; Connor 
Brashar, New Mexico Institute 
of Mining and Technology; 
John Scott Parker, Tufts 
University, USA; and Cheng-
An (Chris) Lin, National Cheng 
Kung University, Taiwan.
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ION GNSS+ 2016 RECAP

Session E3a: GNSS Augmentation Systems 
and Integrity 2
Performance Differentiation in a Tightly Coupled 
GNSS/INS Solution: Ryan Dixon and Michael 
Bobye, NovAtel Inc., Canada 

Session E3b: Modernization of GNSS 1
Towards Dual Mode Secured Navigation Using the 
Galileo Public Regulated Service (PRS) and GPS 
Precise Positioning Service (PPS): Nigel Davies, 
Andrew Evans, Matthew Jones, Malcolm 
Macleod, Richard Bowden, QinetiQ, UK; 
David Hagan, Howard Mayoh, David 
Mathews, Rockwell Collins, UK  

Session F3: Marine Applications 
Performance Evaluation and a New Disaster 
Prevention System of Precise Point Positioning 
at Sea: Eiko Saito, Nobuaki Kubo, Tokyo 
University of Marine Science and Technology, 
Japan; Kazumasa Shimoda, Japan Agency of 
Maritime Education and Training for Seafarers, 
Japan

Session A4: Next Generation RF and Digital 
Signal Processing Receiver Techniques
Performance Evaluation of VDFLL Architecture 
for a Dual Constellation L1/E1 GNSS Receiver in 
Challenging Environments: Enik Shytermeja, 
Axel Garcia-Pena, Olivier Julien, Ecole 
Nationale de l’Aviation Civle (ENAC), France

Session B4a: Cooperative and Collaborative 
Navigation
PeerAppear: A P2P Framework for Collaborative 
Visual Localization: Andrew Compton and 
John Pecarina, Air Force Institute of Technology

Session B4b: Advanced Inertial Sensing 
and Algorithms 
Using Converted Linear Measurements Taken 
by a Human Operator for INS Aiding: Turner J. 
Montgomery and Meir Pachter, Air Force 
Institute of Technology

Session D4: High Precision GNSS 
Positioning 2
Millimeter Accuracy of RTK Positioning Employing 
Helix Antennas with Cutoff Patterns: D. 
Tatarnikov, A. Stepanenko, A. Astakhov, L. 
Rapoport, Topcon Technology Center, Russia

Session E4: Modernization of GNSS 2 
Alternative MEO Constellation Configurations to 
Improve Coverage and Resiliency while Lowering 
Space Segment Cost: Frank Czopek, James 
Wertz, John Collins, Anthony Shao, Richard 
Van Allen, Microcosm Inc.

Session F4: Land-Based Applications 2 
Innovative Design for GNSS/MSS Survey/GIS 
Receiver: Ilya Khazanov, Dmitry Kozlov, Gleb 
Zyryanov, Spectra Precision, Trimble, Russia

Session A5: GNSS Receiver Processing and 
Navigation Algorithms 2
Intelligent Urban Positioning using Shadow 
Matching and GNSS Ranging Aided by 3D 
Mapping: Mounir Adjrad and Paul D. Groves, 
University College London

Session B5: Multisensor Navigation in 
Challenging Environments 2
Simultaneous Localization and Mapping in 
Multipath Environments: Mapping and Reusing 
of Virtual Transmitters: Christian Gentner, 
Boxiao Ma, Robert Pöhlmann, Markus 
Ulmschneider, Thomas Jost, Armin 
Dammann, German Aerospace Center (DLR), 
Germany

Session C5: Atmospheric Science 1 
Evaluation of Surface Variables from Global 
Reanalysis Models and their Application in 
Precipitable Water Vapour Retrieval from GNSS 
Observations over Nigeria: Olalekan Adekunle 
Isioye, University of Pretoria, South Africa

Session D5b: Next-generation Sensors in 
Phones, Tablets and Wearables 
Moving Forward to the Future Low-Cost PPP 
Paradigm: Jesús David Calle Calle, Pedro 
Francisco Navarro Madrid, Irma Rodríguez 
Pérez, Guillermo Tobías González, GMV, Spain 

Session E5: Methods for Authentication and 
Anti-spoofing
Joint Antenna Array Attitude Tracking and 
Spoofing Detection Based on Phase Difference 
Measurements: Manuel Appel, German 
Aerospace Center (DLR), & RWTH Aachen 
University, Germany; Andriy Konovaltsev, 
DLR, Germany; Michael Meurer, DLR, & 
RWTH Aachen University, Germany

Session F5: Aerospace Applications 1 
Validation of GNSS Multipath Model for Space 
Proximity Operations Using the Hubble Servicing 
Mission 4 Experiment: Benjamin W. Ashman, 
Goddard Space Flight Center; J.L. Veldman, P. 
Axelrad, University of Colorado; J.L. Garrison, 
Purdue University; L.B. Winternitz, Goddard 
Space Flight Center

Session A6b: Atmospheric Science 2 
DCB Estimation Based on Uncombined PPP: Yan 
Xiang, University of Calgary, Canada 

Session B6: Navigation Using Environmental 
Features  Integration of GNSS Positioning and 3D 
Map using Particle Filter: Taro Suzuki, Waseda 
University, Japan

Session C6: GNSS Augmentation Systems 
and Integrity 3
Exploiting Satellite Motion in ARAIM: Measurement 
Error Model Refinement Using Experimental Data: 
Mathieu Joerger, The University of Arizona; 
Boris Pervan, Illinois Institute of Technology

Session D6a: Complementary PNT 1
Performance Characterization of Positioning in 
LTE Systems: Kimia Shamaei, Joe Khalife, and 
Zaher M. Kassas, University of California, 
Riverside

Session D6b: Complementary PNT 2
Leveraging Commercial Broadband LEO 
Constellations for Navigation: Tyler G. Reid, 
Andrew M. Neish, Todd F. Walter and Per K. 
Enge, Stanford University 

Session E6a: Interference and Spectrum 
Protection 1
Monitor, Detect, Characterise, Mitigate and Protect 
– Introducing STRIKE3: Michael Pattinson, 
Mark Dumville, Yeqiu Ying, Nottingham 
Scientific Ltd. UK; Zahidul Bhuiyan, Heidi 
Kuusniemi, Finnish Geospatial Research 
Institute, Finland; Björn Gabrielsson, Åsa 
Waern, Swedish Defence Research Agency 
(FOI), Sweden; Martin Poloskey, Automotive 
& Rail Innovation Center (ARIC) of AGIT 
mbH; Steve Hill, Satellite Applications 
Catapult Limited; Nagaraj Shivaramaiah, 
Suresh Kibe, GNSS Labs; Sanguk Lee, ETRI, 
Japan; Joaquin Reyes Gonzalez, European 
GNSS Agency (GSA) 

Session E6b: Interference and Spectrum 
Protection 2
Demonstration of UAV Based GPS Jammer 
Localization during a Live Interference Exercise: 
Adrien Perkins, Louis Dressel, Sherman Lo, 
Tyler Reid, Kazuma Gunning, Per Enge, 
Stanford University; 

Session F6a: Aerospace Applications 2 
Precise Onboard Orbit Determination for LEO 
Satellites with Real-Time Orbit and Clock 
Corrections: André Hauschild, German Aerospace 
Center (GSOC), DLR, Germany; Javier Tegedor, 
Fugro Satellite Positioning AS, Norway; Oliver 
Montenbruck, GSOC/DLR, Germany; Hans 
Visser, Fugro Intersite BV, The Netherlands; 
Markus Markgraf, GSOC/DLR, Germany  ION
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FROM THE ION HISTORIAN, MARVIN MAY

The ION Historian's 
Navigation Crossword Puzzle
The key to the historian's crossword puzzle is on page 21.  
If you need a hint, these images may help you get started . . .  

Marvin B. May
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Clockwise from upper left: Preparing 
Transit 4A for its June 29, 1961 send-
off into space. (John Hopkins Applied 
Physics Laboratory); Plath sextant from 
the 1890s; Spices in a market in Goa, 
India; 2010 reverse of the U.S. dollar coin 
honoring Sacagawea, the young Lemhi 
Shoshone woman who joined Lewis and 
Clark's expedition in 1804; Caricature of 
Gugliemo Marconi by "Spy" in the March 
1905 issue of the British magazine Vanity 
Fair; East German workers reinforce the 
Cold War-era Berlin Wall in 1961.
All images from Wikipedia, unless otherwise noted.

Across
 2. _____and Clark
 5. Compass point
 7. Einstein for short
 8. opposite of old
 9. Syene
 10. month
 11. back sight instrument
 13. Accelerometers and 

gyros
 14. 3.1415...
 15. shadow
 17. permit
 21. Navy Navigation 

Satellite System
 23. gyrocompass inventor
 25. lengthy
 26. ship's landing
 27. internet retailer
 28. Lunar
 29. left side
 32. celestial body
 34. wise bird
 36. Radiation Laboratory
 39. collection of maps
 40. ship's restroom
 41. front of ship
 43. level
 45. affirmative
 47. unit of length
 50. Figure of Merit
 53. direction
 55. Indian GNSS
 57. Celestial instrument
 61. force
 62. Detailed almanac
 65. 24 hours
 66. Historian
 67. Legacy VLF system
 69. ___ Alamos
 71. Cold ____
 73. GPS pioneer
 75. Wind aided tide
 76. type of oscillator
 77. inertial sensors
 79. opposite of down
 83. ____ reckoning

 84. journey
 86. spies in the skies
 87. ION executive
 89. radio pioneer
 92. NRA
 94. water
 95. radioactive picture
 97. Government aviation
 99. about 6375000 

meters
 102. dead ______
 104. English genius
 105. Western Route 

treasures
 106. Spherical

Down
 1. undulation
 2. nearby
 3. Celestial calendar
 4. to and ___
 5. standard deviation
 6. chronometer
 7. degree or radian
 10. word game
 12. The Navigator
 16. guides
 18. circumnavigator
 19. floating navigation aid
 20. heading
 22. Type of inertial 

navigator
 24. swedish car
 30. celestial path
 31. ship's staff
 33. own ship's heading
 35. terrestrial
 37. Water inlet
 38. painting
 42. GPS Control Segment
 44. 1421 chinese emperor
 46. ___ = mc2

 48. coordinate system
 49. Mark a location
 51. 1852 meters
 52. French Newton
 54. view

 56. clock
 58. back of ship
 59. waves
 60. former ION President
 63. Marco ____
 64. slide ____
 67. choice
 68. satellite navigation
 70. ancient unit of length
 72. 1958 satellite
 74. maritime
 77. _____ circle
 78. constant track angle
 80. north star
 81. oceanographer
 82. Electromagnetic ___
 83. navigation origin
 85. locus
 88. le soleil

 90. radio ranging
 91. unmanned vehicle
 93. cloth symbol
 96. Organization
 98. center
 100. GPS error
 101. Geometrical merit
 103. Ocean Survey 

Program
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Defense Matters

Time

Doug Taggart
President
Overlook 
Systems 
Technologies, Inc.

Time – 1) the indefinite continued progress of existence 
and events that occur in apparently irreversible suc-
cession from the past through the present to the future. 
2) the thing that is measured as seconds, minutes, 
hours, days, years, etc. (Webster’s New World College 
Dictionary)

In July I had a once in a lifetime opportunity to 
travel back in time and to experience again the 

thrill of sailing on the U.S. Coast Guard’s training 
ship EAGLE. Each summer the EAGLE offers a few 
berths to a limited number of alumni in the 50-, 40-, 
and 30-year anniversary classes. 

This past June marked my 40-year anniversary of 
graduation from the U.S. Coast Guard Academy. 
I was one of only four from my class, selected by 
lottery, to sail on-board EAGLE July 16–22 from 
Hamilton, Bermuda, to Norfolk, Virginia. The last 
time I sailed on her was in the summer of 1975 as 
a first class cadet crossing the Atlantic from Roda, 
Spain, to New London, Connecticut, with a port call 
in the Madeira Islands. 

The EAGLE is a 295-foot barque (a sailing vessel 
with the fore and mainmasts rigged square and only 
the mizzen rigged fore-and-aft) used as a training ship 
for future officers of the United States Coast Guard. 
She is the only active commissioned sailing vessel in 
the United States, and one of only two commissioned 
sailing vessels for the U.S., the other being the USS 
Constitution located in Boston, Massachusetts.

Built at the Blohm + Voss Shipyard in Hamburg, 
Germany, in 1936 and commissioned as Horst Wessel, 
EAGLE was one of three sail-training ships operated 
by the pre-World War II German navy. At the close 

of the war, the ship was taken as a war reparation by 
the United States and re-commissioned as the U.S. 
Coast Guard Cutter EAGLE.

While on board EAGLE, cadets receive training 
on life at sea which includes navigation, seamanship, 
ship and boat maneuvering, line handling, sailing, 
first aid, weather, damage control, engineering, career 
development, teamwork, and leadership.

In the summer of 1975 as a cadet, I served as the 
mainmast captain, and during this summer’s return 
I had the opportunity to once again contribute to 
the mainmast sail station’s process including a return 
to the rigging, helping with harbor furling prior to 
arrival in Norfolk. 

I was extremely impressed with the exchange of 
navigation detail planning information that took 
place between the cadets, the crew, and the officers. 
These navigation training and workup sessions were 
held on the mess deck in advance of leaving Bermuda 
and entering port in Norfolk. 

Modern Technology Incorporates Traditional
The EAGLE of today is outfitted with all of the 
current navigation technology to include two radars, 
an electronic chart display and information system 
(ECDIS), GPS, gyrocompass/repeaters, a magnetic 
compass and fathometer. Communication technol-
ogy includes VHF-FM and SATCOM. Reflecting 
back on my own memories of 40+ years ago, the 
Loran-A receivers and the then-new Loran-C receiv-
ers, as well as the MF & HF radio transceivers, have 
all been removed.

I was extremely pleased to see a very energetic 
return to celestial navigation as part of the summer 
training program and also to learn that it is once 
again part of training received during the academic 
year, paralleling the Naval Academy’s recent an-
nouncement that it was also bringing back basic 
instruction in celestial navigation theory. These 
changes acknowledge a growing awareness that we 
are becoming overly reliant on GPS because of its 
readily available benefits and that such reliance can 
be detrimental if no alternatives are available should 
GPS services be disrupted for any reason.

Although the cadets of today rely on computers 
for doing sight planning and reductions, the underly-
ing principles of learning and practicing alternative 
navigation techniques rather than simply relying on 
GPS is not only prudent but, in my view, absolutely 

EAGLE under full 
sail with 22,280 
square feet of sail 
area.
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Special Sea 
Detail leaving 
Bermuda. Pilot 
and cadet OOD 
on top of the 
open-air pilot 
house with a 
paper chart still 
at the ready.

necessary. The enthusiasm displayed by 
the cadets, armed with sextant and stop-
watch while recording their evening stars, 
was a great ending to each of the days we 
were at sea.

To assist the cadets with sight reduc-
tions, the EAGLE had a number of rug-
gedized laptops equipped with the latest 
copy (Version 3.0) of a U.S. Naval Obser-
vatory (USNO) Windows-based software 
routine (being beta-tested by the cadets 
for USNO) titled System To Estimate 
Latitude and Longitude Astronomically 
(STELLA).

In addition to providing a very user-
friendly sight reduction routine, the 
program includes tools for doing sight 
planning and compass/gyro error deter-
mination as well as transit planning and 
voyage recording.

To calculate a fix using STELLA, the 
entering arguments are: an estimated 
latitude and longitude, ship’s course and 
speed, the height of eye above the water 

line, the sextant error, the body being 
observed, e.g., Sun, Moon, planet or star; 
the observed angle above the horizon of 
each celestial body in degrees and decimal 
minutes, and the time of each observation 
in coordinated universal time (UTC) to a 
whole number second. 

The resulting output (the Solution) 
is a graphical display on a latitude and 
longitude grid that shows the observed 
lines of position (LOPs) for each 
celestial body, with a resulting latitude 
and longitude that is developed by 
advancing each LOP (using the course 
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and speed) to the final observation 
time. 

The displayed latitude and longitude 
also includes an error ellipse. The ac-
curacy and ease of computing a fix using 
STELLA in comparison to the handwrit-
ten reduction sheets from 40+ years ago is 
impressive. 

It’s about Time
I’d like to now return to my choice of 
a title for this article, Time, and to its 
two-part dictionary definition. The first 
part, reflecting on the passage of time, 
is a means for me to convey my sense of 
tremendous fortune to go back and expe-
rience once again a time of sailing ships 
and navigating by the stars. This was a 
great opportunity, and I was very lucky 
to have been able to do it.

The second, and perhaps most relevant 
part of the definition, is directly related 
to the challenge of determining longitude 
at sea. From that aspect, I must expose 
one troubling fact that I am somewhat 
embarrassed and disappointed to reveal 
(given my own strong feelings of pride in 
the Coast Guard’s history as a seagoing 
service anchored in a tradition of produc-
ing prudent navigators). The former daily 
tradition of making a noon entry in the 
ship’s log and reporting to the captain 
prior to ringing eight bells on the fore-

noon watch change, 
indicating that the 
navigator had wound 
and compared the 
chronometers, didn’t 
occur during this cruise. On investigating 
why this was so, I was dismayed to learn 
– the EAGLE didn’t have a chronometer! 

So, you ask, how did the cadets get a 
time hack each night for their star sights 
in order to determine the ship’s position? 
The answer to that question — as I asked 
it on the first night underway — “We 
go to ECDIS and note the UTC time as 
it is displayed in the upper right-hand 
corner of the display”. To which I replied 
(remembering the basic objective of 
navigating without GPS), “But ECDIS 
uses GPS.” Without any embarrassment 
or recognition of the logical flaw in play, 
the quick retort I received: “But we don’t 
look at the latitude and longitude.” 

I did have an opportunity later in the 
week to make a presentation to the cadets 
on my own experiences in and after the 
Coast Guard. I spoke about the role of 
time in celestial navigation, Loran-C, 
and GPS. I emphasized a message of not 
being overly reliant on single information 
sources (for position OR for time) and 
the need to be aware of how systems are 
designed and the hidden interdependen-
cies they contain. 

I also encouraged the cadets to get in-
volved in professional organizations such 
as the Institute of Navigation following 
graduation. It was a well-attended presen-
tation, one I was happy to provide, and 
one that I hope broadened the awareness 
of these future Coast Guard officers to 
the inextricable linkages between Position 
and Time.

Epilogue 
I am proud and privileged to have been 
able to return to sail on EAGLE again 
after 40+ years and observe firsthand 
the contributions that she and her crew 
are continuing to make in fulfilling the 
US Coast Guard Academy’s mission: 
“To graduate young men and women with 
sound bodies, stout hearts and alert minds, 
with a liking for the sea and its lore, with 
that high sense of honor, loyalty and obedi-
ence which goes with trained initiative and 
leadership; well grounded in seamanship, 
the sciences and amenities, and strong in 
the resolve to be worthy of the traditions of 
commissioned officers in the United States 
Coast Guard in the service of their country 
and humanity.” ION

Shooting a Sun 
line from the 
fantail of EAGLE

Aloft helping cadets and crew harbor 
furl sails before arriving in Norfolk. 
Doug second from the left.

Presentation on 
radionavigation and 
emphasizing the role 
of Time
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Life on the Hill: A Final Report
Gerald L. Mader

This has certainly been an interesting 
year as an ION Congressional Fellow. 

My term on the Senate Committee on 
Commerce, Science, and Transportation 
has provided an insight into how much 
of the legislative process works as well as 
giving me the opportunity to contribute 
my own small measure. 

Here are some of 
the highlights.

When I began 
last October the 
Committee had 
just started work on 
the renewal of the 
America Competes 
Act. This bill was last 

passed in 2010 and authorizes various sci-
ence agencies in the government to form 
partnerships with industry and academia 
to promote innovation, competitiveness, 
and STEM education and workforce. Our 
Committee Chairman, Senator Thune, 
and Ranking Minority Member, Senator 
Nelson, had designated Senators Gardner 
and Peters to lead the effort, and they 

were in the process of conducting a series 
of round table discussions which included 
a variety of leaders from industry and the 
science communities. 

I was very impressed with the level and 
depth of understanding that the senators 
had. Given that they are not scientists or 
technological experts, and given that they 
have a staff that prepares them for these 
meetings, they nevertheless showed a real 
command of the issues and had no prob-
lem keeping up with the conversations. As 
I continued to see throughout the year at 
numerous hearings and presentations, the 
committee members have made a serious 
effort to understand the subject matter of 
their committees and are quite capable of 
keeping up with expert witnesses. 

Creation of a Bill
As part of the public comment for this 
bill, the committee received over 300 
replies to their requests for comment. Al-
though all these letters were addressed to 
the senators, it is not surprising that they 
would never read them. That job falls to 

the staff, which included me. I helped to 
read all these replies and summarize them 
in spreadsheet format. Realizing that I 
would be the only person to ever read 
what someone else worked hard to put 
together, I felt a great responsibility to 
understand the essence of their remarks 
and make sure they would make their 
way to the rest of the committee. 

The actual writing of this bill began 
around February with five or six of us on 
the majority (i.e., Republican) side meet-
ing to discuss some of the main features 
of the bill. These meetings produced notes 
that seemed kind of sketchy to me but 
nevertheless were turned over to the com-
mittee’s legislative expert, who turned the 
notes into legislative language. At our next 
meetings these drafts would get reviewed 
and more notes generated. 

As we got close to a complete outline 
and draft, the minority staff were invited 
to attend our meetings and the writing 
and editing continued. Throughout the 
creation of this bill I was pleased to see 
how cooperatively and cordially the two 
sides worked together. It did surprise me 
how much of the language was our own 
creation, based on what the staff believed 
the senators would want without any 
direct input from them. 
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My personal contribution was to make 
sure the bill contained a provision to 
make the Office of Management and 
Budget (OMB) revise their travel policy 
for federal scientists. Thanks to some 
scandals at the GSA, OMB had placed 
a ceiling of all travel costs at 70 percent 
of what was spent in Fiscal Year 2010 
(FY2010). This obviously had a severe 
negative impact on essential collaboration 
at conferences and workshops that was 
unintended. So, I was very pleased to see 
that the reworking of this policy survived 
in the final version of the bill introduced 
into the Senate.

I also had the opportunity to work on 
two other bills that related to my career at 
NOAA. The first was called the Geospa-
tial Bill and would basically codify in law 
the existing relationships between the 
federal agencies that produce and use geo-
spatial data under the Federal Geodetic 
Control Committee (FGCC). The idea 
is to create a one-stop shop for geodetic 
data and avoid duplications. 

While the various agencies were work-
ing to this goal, OMB was evidently not 
very impressed with their progress; so, 
Senators Hatch and Warner introduced 
this bill to stiffen their requirements. I 
made some minor edits and additions to 
the language that seemed to pacify the 

sole industry group opposed to the bill. 
However, as this bill was not a high prior-
ity it will most likely be reintroduced in 
the next session of Congress. 

I also worked on the Space Weather 
Bill, which arose out of a recent report 
out of the Office of Science and Technol-
ogy Policy (OSTP) describing the threats 
of solar storms on our electrical and tech-
nical infrastructure. The bill reemphasizes 
space weather research and cooperation 
between the involved agencies. In particu-
lar it directs NOAA to replace the sole 
early warning satellite that detects the 
particles heading toward earth from the 
sun and has greatly exceeded its expected 
lifespan.

A Little More LightSquared
Since the Commerce Committee is 
responsible for so much legislation affect-
ing science, it is natural that the science 
agencies were frequent visitors. This is 
particularly true for the National Science 
Foundation (NSF). For example, one 
of NSF’s large-scale projects, the Na-
tional Ecological Observation Network 
(NEON), was over budget and behind 
schedule. 

As NSF reported to us, the NEON 
management team would be fired and a 
new management team would be sought. 

Because we were the oversight commit-
tee for NSF, it was very interesting to 
follow NSF’s explanations about what 
had happened, the audit trail, and their 
plan to save the overall project. The whole 
process seems to have worked with Bat-
telle being awarded the new management 
contract.

As my year as a congressional fel-
low winds down, I see that the previous 
issue with LightSquared (now Ligado 
Networks) is winding up for an encore. 
Thanks to some other ION members, I 
have collected all that has been written on 
Ligado and prepared a summary for the 
committee. We’re not sure where this next 
spectrum battle will be fought: the Com-
merce Committee was not involved in the 
previous issue but, given their oversight 
over the Federal Communications Com-
mission, they could be a candidate for the 
coming discussion. 

One of my mentors here on the com-
mittee was involved in the LightSquared 
case several years ago; so, he is acquainted 
with the problem. I have provided him 
some of our materials and he’ll know 
how to reach me if the Committee gets 
involved and they think they may need 
some additional guidance.

Beyond Committee Life
Of the 30 congressional fellows in this 
year’s class, only two of us went to com-
mittees with most of the rest working 
in individual Senate offices. As I would 
learn from talking with the other fellows, 
there are some significant differences 
between our experiences. On the Com-
merce Committee I had the opportunity 
to get familiar with all the senators who 
belonged to the committee through 
hearings, their staff, and feedback on 
various issues before the committee. I 
also benefitted from the broad portfolio 
of the Committee and the variety of sci-
ence groups that sought the Committee’s 
attention. 

In between work for the Commit-
tee, there is always something to see or 
do on the Hill or in DC. Invitations to 
lectures and meetings by various interest 

2017 Congressional Fellow

The ION’s 2016 Government Fellows Committee selected 
Dr. Kyle Wesson as the 2016-2017 ION Congressional Fel-

low.
Dr. Wesson has accepted a position with Senator Blumenthal's 

office (D-CT) whose policy and legislation overlaps with Dr. 
Wesson’s interests, namely the Senator sits on the Committee on 
Veterans' Affairs (ranking); the Committee on the Judiciary; the 
Committee on Armed Services; and the Committee on Com-
merce, Science, and Transportation (sub: Aviation Operations, 

Safety, and Security; and Communications, Technology, Innovation, and the Inter-
net).  Dr. Wesson plans to be assisting on issues related to cyber defense, encryption, 
aviation security, FISA warrants, TSA/DHS and autonomous vehicles.

Dr. Kyle Wesson received his PhD in electrical and computer engineering from 
The University of Texas at Austin. He worked for Zeta Associates supporting the 
FAA's WAAS program office. He has been a regular participant at ION events, 
chaired numerous technical sessions, collaborated on many technical publications and 
served on several technical committees.
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ION CONGRESSIONAL FELLOW

Pacific
PNT 
2017 

May 1–4, 2017
Marriott Waikiki Beach, 
Honolulu, Hawaii

Where East Meets West in the 
Global Cooperative Development of 
Positioning, Navigation and Timing 
Technology

www.ion.org/pnt

groups arrive every week. Among these 
were several visits to the Newseum, movie 
previews by the Motion Picture Acad-
emy of America, and many other unique 
experiences that I otherwise would never 
have had.

If your impression of your senators 
and congress members was formed 
only during their election campaigns, I 
think you’d have a completely different 
impression seeing them actually at work. 
The effort most of them actually put 
into their committee work is impressive 
and reassuring. If or when you see it, I 
think you’d feel a little better about your 
government. 

The staffers who support the members 
and all the committees are an amazing 
group of people. Most of them have 
worked in several different offices on the 
Hill and have interesting and varied back-
grounds. They are responsible for issues 
that usually have nothing to do with their 
formal education, but by virtue of their 

ingenuity, initiative, dedication, native 
intelligence, and personal networks, they 
keep the government operating. Their job 
security is uncertain, they’re underpaid, 
and they’ll work through the night when 
needed — an amazing bunch of people. 

Needless to say, I am extremely grateful 
to ION and the American Association for 

Advancement of Science for this opportu-
nity. I cannot help feeling I have received 
so much more than I have given. If you 
can manage to fit into your career plan a 
year looking at policy issues as a congres-
sional fellow I would certainly encourage 
you to apply. This is an experience and 
education you’ll never forget. ION

How much snow can you move 
using state of the art navigation 
and control technologies?
Challenge your team to design, 
build and operate a fully 
autonomous snowplow to remove 
snow from a designated path 
rapidly, accurately, and safely.

Event dates:  26 – 29 January 2017
Event Location:   
St. Paul, Minnesota
Open to both academic 
institutions and the  
general public.
To learn more visit:  
www.autosnowplow.com

Be a Part of the  
Seventh Annual 

ION Autonomous 
Snowplow 

Competition

*
*
*
*
*
*

*
*
*
*
*
*
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ION  News and Notes

Obituary
Donald Lynn Jewell, well-known to 
the GPS and PNT communities, died 
unexpectedly on October 12 in Colorado 
Springs, Colorado, at the age 
of 67. 

Jewell served in the United 
States Air Force for 30 years 
as an aviator, navigator, and 
space subject matter expert. 
He completed two Command 
assignments at Schriever Air 
Force Base and retired as 
deputy chief scientist for Air Force Space 
Command  (AFSPC).

At a well-attended service of 
remembrance and celebration of his life 
held October 20 included many friends 
and colleagues from AFSPC, including the 
Commander and other retired generals.

Jewell was a Government Liaison to 
the ION’s Military Division, provided 
annual coverage for the Joint Navigation 
Conference and was co-chair of the 
JNC’s warfighter panel and instrumental 
in securing warfighters to present on 
their experiences with PNT technology/
hardware in theater.

According to an obituary in the 
Colorado Springs Gazette, Jewell was born 
in Louisville, Kentucky, to Louise Priscilla 
Gross and the late Robert Franks on May 
15, 1949. He earned a bachelor's degree 
in political science from the University 

of Kentucky and an MBA from the 
University of Oklahoma.

After retiring as a lieutenant colonel, 
he served on two GPS review teams 
and on three independent assessment 
teams at the Institute for Defense 
Analyses (IDA). He also wrote for 
GPS World magazine as a defense 
editor for 11 years. 

Jewell married Linda Ann Plante 
in 1979. The Gazette quoted “a 
close, respected friend” who observed 

that “Don was a real Pillar for the 
PNT community and the consummate 
spokesman for the truth — always 
offering constructive criticism where 
needed. . . . [He was] an exemplary 
personality who ‘always did the right 
thing.’”

He participated in and regularly led 
weekly Bible study meetings for more 
than 20 years and had recently been 
appointed as president of Christ the King 
Lutheran Church.

He is survived by his mother, Louise 
Jewell; sister, Teresa Jewell; wife Linda 
Jewell; and daughter, Dawn Jewell. 
Memorial contributions may be made 
out to Christ the King Lutheran 
Church <http://www.ctkcs.org> or the 
Amyloidosis Foundation <http://www.
amyloidosis.org>, in memory of Don 
Jewell.

DAYTON SECTION
ION Executive Vice President Dr. John 
Raquet, accompanied by his whole fam-
ily, helped the Dayton Section kick-off 
the new season on September 8th with 
a talk titled:  Natural vs. Man-made 
Unmanned Aerial Vehicles: Who is Win-

ning?  In order to make comparisons, Dr. 
Raquet proposed a number of criteria, 
such as payload, range, coordinated 
flight, flexibility, and fuel consumption.  
In most of these areas the engineers, he 
showed, are still lagging the birds and an-
imals.  On October 13th, Section mem-
bers convened again to hear Dr. Mikel 
Miller, Senior Scientist for Positioning, 
Navigation, and Timing in the Air Force 
Research Laboratory's Sensors Director-
ate.  Dr. Miller spoke on the topic: The 
PNT Ecosystem. He argued persuasively 
for his view that partnerships across gov-
ernment, industry, academia, and even 
international partners can, and should, 

go beyond solving PNT technical chal-
lenges to building robust systems that 
meet our national objectives. The Section 
will next meet on November 10th at 
11:30 a.m. at the Northrop Grumman 
facility on Colonel Glenn Highway.  The 
scheduled speaker is Dr. Chris Bartone, 
president of GNSS Solutions, Ltd.

Dayton Section Chair Major Scott 
Pierce and Dr. Raquet

Dayton 
Section 
Executive 
Secretary 
Mark Carroll 
and Dr. Miller

Stefano Binda, European Space Agency, 
modeling his Institute of Navigation Winter 
jacket he won during the European Naviga-
tion Conference 2016 in Helsinki, Finland. 
Congratulations, Stefano. Stay warm!
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LIGHT POSITIONING

dimension of five meters length, four 
meters width, and three meters height, 
according to Dr. Siu-Wai Ho, a senior 
research fellow at the institute and one of 
LiPo’s developers.

No special network wiring is needed at 
the bulbs or in the electrical system that 
feeds the lighting; so, the system is essen-
tially autonomous. Only constraint is that 
the lighting be LED-based and that at 
least three emission sources are within the 
receiver’s line of sight in order to support 
triangulation of position.

Unlike many positioning technolo-
gies, LiPo can also determine a stationary 
user’s orientation within five degrees. Dr. 
Ho says that the system can also provide 
high-speed optical data communications 
to the target receiver units. Employing 
receivers that are relatively simple to 

construct and suitable as small mobile 
devices, LiPo can operate using existing 
LED lighting systems in buildings.

The LiPo team foresees demand for 
indoor positioning systems coming from 
such markets as:
•  retail uses within a shop or shopping 

mall 
•  tracking products throughout their 

manufacturing cycle
•  supporting assistive devices providing 

location information for elderly and 
disabled individuals

•  in venues such as exhibition centers, 
museums, aged-care facilities, and 
educational. 
The First Public Demonstration of 

LiPo occurred by invitation at Alcatel-
Lucent’s annual Future X Day in Paris, 
France in June 2015. The project recently 

received a 2016 national iAward in the 
Consumer Category from the Australian 
Information Industry Association (AIIA).

The team of researchers is looking for 
engagement with end users and organiza-
tions interested in the commercialization 
and deployment of LiPo technology. ION

LIGHT POSITIONING  continued from page 1

LiPo receiver
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ION 2017-2019 

National Election  
Nominations Notice
Nominations. Nominations for of-
ficers were submitted by the 2017-2019 
Nominating Committee of The Institute 
of Navigation and the membership was 
notified electronically this past summer. 
The ION’s National Nominating Com-
mittee was chaired by Patricia Doherty 
and included three representatives from 
each region. 

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 nomi-
nation requirements as indicated in the 
ION bylaws and the nomination must be 
received at the ION National Office by 
November 7. 

Voting. Voting will be conducted elec-
tronically via the ION website. On-line 
ballots will be available after November 

10. On-line voting must be completed by 
December 5 to be counted. Members will 
receive an electronic notice when voting 
is open.

Election Results. Results will be 
announced at the ION 2017 ITM/
PTTI Meeting, January 30-Febru-
ary 2, 2017, in Monterey, CA. Newly 
elected officers will take office on 
February 2, at the conclusion of the 
meeting and serve for two years. Elec-
tion results will be reported in the 
ION Newsletter. 
PRESIDENT
 Dr. John Raquet
EXECUTIVE VICE PRESIDENT
 Dr. John Betz
 Dr. Yu “Jade” Morton
TREASURER
 Dr. Frank van Graas
EASTERN VICE PRESIDENT
 Dr. Anthea Coster
 Dr. Jason Rife

WESTERN VICE PRESIDENT
 Dr. Gary McGraw
 Dr. Mark Petovello
EASTERN COUNCIL 
MEMBER-AT-LARGE
 Dr. Keith McDonald
 Ms. Francine Vannicola
WESTERN COUNCIL 
MEMBER-AT-LARGE
 Mr. Paul Benshoof
 Mr. Neil Gerein
TECHNICAL REPRESENTATIVES
 Dr. José Ángel Ávila Rodríguez 
 Dr. Sunil Bisnath 
 Dr. Jeff Dickman
 Dr. Keith Groves
 Dr. Patrick Henkel
 Dr. Li-Ta Hsu 
 Dr. Mathieu Joerger
 Dr. Olivier Julien 
 Dr. Allison Kealy 
 Dr. Michael Meurer 
 Dr. Terry Moore 
 Dr. Okuary Osechas
 Dr. Di Qiu
 Mr. Bernhard Richter 
 Dr. Andrey Soloviev
 Dr. Endawoke Yizengaw ION

PASSING THE TORCHES

ION Satellite Division  
Elects New Officers
This past summer the Satellite 

Division held its election for 
Satellite Division Officers. The 
following individuals were elected and 
will serve on the Satellite Division 
Executive Committee for a two-year 
term: Chair, Dr. Frank van Diggelen, 
Google; Vice Chair, Dr. Chris Hegarty, 
The MITRE Corporation; Secretary, 
Sandra Kennedy, NovAtel, Canada; and 
Treasurer, Dr. Sanjeev Gunawardena, 
AFIT.

Dr. John Betz, out-going chair, will 
continue to serve on the committee for 
two additional years as Immediate Past 
Chair. Dr. Jiyun Lee, KAIST, South 
Korea has been appointed as the 
Division’s Pacific Technical Advisor 
and Dr. José Ángel Ávila Rodríguez, 
ESA/ESTEC, The Netherlands, has 
been appointed as the Divisions 
European Technical Advisor.

Dr. John Betz, out-going Satellite 
Division Chair, was honored during 

the ION GNSS+ 2016 awards luncheon 
for his visionary leadership of the Satellite 
Division. During his term he led efforts 
to continue to evolve the organization 
and various components of the ION 
GNSS+ meeting that enhanced the tech-
nical program, meet attendee needs, and 
continued to be an avid supporter of the 
Satellite Division’s outreach efforts. 

The Satellite Division would also like 
to thank Dr. Grace Gao and Doug Tag-
gart who have served as Satellite Division 
treasurer and secretary, respectfully, for 
the past two years, Dr. Jade Morton, 
who has served on the Satellite Division 
Executive Committee for the past six 

years and Prof. Terry Moore 
and Prof. Allison Kealy who 
have served as international 
technical advisors.  The Insti-
tute also extends its thanks to 
all the other volunteers who 
have provided counsel and 
guidance over the past two 
years. ION

Out-going Satellite 
Division Executive 
Committee: Dr. José 
Ángel Ávila Rodríguez, 
Prof. Terry Moore, 
Prof. Allison Kealy, Dr. 
John Betz, Dr. Dorota 
Grejner-Brzezinska, 
Dr. Frank van Diggel-
en, Doug Taggart and 
Prof. Jade Morton.



Fall  2016  21  ION  Newsletter

HISTORIAN  continued from page 11 Calendar  
of Upcoming 
ION Events
NOVEMBER 2016 
8-10: INC 2016 (International Navigation 
Conference), Glasgow, University of 
Strathclyde, UK 
Contact: The Royal Institute of 
Navigation 
Tel: +44 (0)20-7591-3134
Email: conference@rin.org.uk
Web: www.
internationalnavigationconference.org.uk

JANUARY-FEBRUARY 2017
January 30-February 2: ION International 
Technical Meeting (ITM) & ION 
Precise Time and Trime Interval Meeting 
(PTTI) 2017, Hyatt Regency Monterey, 
Monterey, California
Contact: ION
Tel: +1 703-366-2723
Web: www.ion.org

MARCH 2017 
14-16: Munich Satellite Navigation 
Summit
Contact: info@munich-satellite-
navigation-summit.org
Tel: + 49 89 6004 3425 
Web: http://www.munich-satellite-
navigation-summit.org/

MAY 2017
1-4: ION Pacific PNT 2017, Marriott 
Waikiki Beach, Honolulu, Hawaii
Contact: ION
Tel: +1 703-366-2723
Web: www.ion.org
09-12: ENC-GNSS 2017, Lausanne, 
Switzerland  
Contact: ENC 2017 Conference Office
Email: info@enc2017.eu
Web: http://enc2017.eu

JUNE 2017
5-8: ION JNC 2017, Dayton Convention 
Center, Dayton, Ohio   
Contact: The ION 
Tel: +1 703-366-2723
Web: www.ion.org
21-23: TransNav 2017, Ghynia, Poland     
Contact: The Godynia Maritime 
University   
Tel: +48 58 5586136  
Web: www.transnav.eu

Across
 2. LEWIS—_____and 

Clark
 5. SE—Compass point
 7. AL—Einstein for 

short
 8. YOUNG—opposite 

of old
 9. ASWAN—Syene
 10. JUNE—month
 11. PLOUGH—back 

sight instrument
 13. ISA—Accelerometers 

and gyros
 14. PI—3.1415...
 15. ECLIPSE—shadow
 17. LET—permit
 21. TRANSIT—Navy 

Navigation Satellite 
System

 23. ANSCHUTZ—
gyrocompass inventor

 25. LONG—lengthy
 26. DOCK—ship’s 

landing
 27. EBAY—internet 

retailer
 28. MOON—Lunar
 29. PORT—left side
 32. STAR—celestial body
 34. OWL—wise bird
 36. MIT—Radiation 

Laboratory
 39. ATLAS—collection of 

maps
 40. HEAD—ship’s 

restroom
 41. BOW—front of ship
 43. HORIZON—level
 45. YES—affirmative
 47. STADE—unit of 

length
 50. FOM—Figure of 

Merit
 53. EAST—direction
 55. GAGAN—Indian 

GNSS
 57. SEXTANT—Celestial 

instrument
 61. GRAVITY—force
 62. EPHEMERIS—

Detailed almanac
 65. DAY—24 hours
 66. MAY—Historian
 67. OMEGA—Legacy 

VLF system
 69. LAS—___ Alamos
 71. WAR—Cold ____
 73. EASTON—GPS 

pioneer

 75. LEE—Wind aided 
tide

 76. SAW—type of 
oscillator

 77. GYROS—inertial 
sensors

 79. UP—opposite of 
down

 83. DEAD—____ 
reckoning

 84. VOYAGE—journey
 86. NRO—spies in the 

skies
 87. LISA—ION executive
 89. MARCONI—radio 

pioneer
 92. GUN—NRA
 94. MARINE—water
 95. XRAY—radioactive 

picture
 97. FAA—Government 

aviation
 99. RADIUS—about 

6375000 meters
1 02. RECKON—dead 

______
 104. NEWTON—English 

genius
 105. SPICES—Western 

Route treasures
 106. GLOBE—Spherical

Down
 1. GEOID—undulation
 2. LOCAL—nearby
 3. ZODIAC—Celestial 

calendar
 4. FRO—to and ___
 5. SIGMA—standard 

deviation
 6. HARRISON—

chronometer
 7. ANGLE—degree or 

radian
 10. JOTTO—word game
 12. HENRY—The 

Navigator
 16. PILOTS—guides
 18. MAGELLAN—

circumnavigator
 19. BUOY—floating 

navigation aid
 20. AZIMUTH—heading
 22. RLGN—Type of 

inertial navigator
 24. SAAB—swedish car
 30. ORB—celestial path
 31. CREW—ship’s staff
 33. OSH—own ship’s 

heading

 35. EARTH—terrestrial
 37. BAY—Water inlet
 38. ART—painting
 42. OCX—GPS Control 

Segment
 44. ZHANG—1421 

chinese emperor
 46. ENERGY—= mc2

 48. ECEF—coordinate 
system

 49. PIN—Mark a 
location

 51. MILE—1852 meters
 52. LAPLACE—French 

Newton
 54. SEE—view
 56. TIME—clock
 58. AFT—back of ship
 59. TIDES—waves
 60. WEEMS—former 

ION President
 63. POLO—Marco ____
 64. RULE—slide ____
 67. OR—choice
 68. GNSS—satellite 

navigation
 70. STADIA—ancient 

unit of length
 72. SPUTNIK—1958 

satellite
 74. NAVAL—maritime
 77. GREAT—_____ 

circle
 78. RHUMB—constant 

track angle
 80. POLARIS—north 

star
 81. MAURY—

oceanographer
 82. LOG—

Electromagnetic ___
 83. DATUM—navigation 

origin
 85. LOP—locus
 88. SUN—le soleil
 90. RADAR—radio 

ranging
 91. DRONE—

unmanned vehicle
 93. FLAG—cloth symbol
 96. ION—Organization
 98. CORE—center
 100. UERE—GPS error
 101. DOP—Geometrical 

merit
 103. OSP—Ocean Survey 

Program
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A team of electrical and 
computer engineers from 

University of California River-
side won two best paper presen-
tation awards at ION GNSS+ 
2016 for their work on signals 
of opportunity as an alternative 
to GNSS for the super-precise 
and secure navigation requirements of 
driverless cars and autonomous systems.

Advanced GPS/INS systems used for 
precision applications aren't good enough 
for what we all know is coming next. Is 
there an affordable, reliable solution for 
GNSS signal weakness and instability, 
jamming and interference and unauthen-
ticated and unencrypted civilian signals?

Lead investigator Zak Kassas said, “By 
adding more and more sensors—cameras, 
lasers, sonar—researchers are throw-
ing everything but the kitchen sink to 
prepare autonomous vehicle navigation 
systems for the inevitable scenario that 
GPS signals become unavailable. We took 

a different approach, which is to exploit 
signals that are already out there in the 
environment.” 

His team thinks may have found a 
highly reliable and accurate navigation 
system that exploits existing "signals of 
opportunity" (SOPS) such as cellular, 
Wi-Fi, radio and television, and that can 
be used as a standalone alternative, or in 
addition to, GNSS /INS data.

The team’s end-to-end research ap-
proach includes theoretical analysis of 
SOPs in the environment, building spe-
cialized software-defined radios (SDRs) 
that will extract relevant timing and 
positioning information from SOPs, de-

veloping practical navigation algorithms, 
and finally testing the system on ground 
vehicles and unmanned drones.

“Autonomous vehicles will inevitably 
result in a socio-cultural revolution.... 
Our overarching goal is to get these 
vehicles to operate with no human in 
the loop for prolonged periods of time," 
Kassas said.

Find out more at the Autono-
mous Systems Perception, Intel-
ligence, and Navigation (ASPIN) 
Laboratory You Tube page: <https://
www.youtube.com/channel/
UCCg7auFnXn_7cwDNFSgEH0w>.

Simulation results for an unmanned 
drone flying over downtown Los 
Angeles showing the true trajectory 
(red line), with GPS navigation only 
(yellow line), and GPS aided with 
cellular signals (blue line). 
Image from UCR ASPIN Lab.

  Back to the Drawing Board. . . .
You have a brand new car. It has lane-keeping assistance, automatic 

braking, better entertainment than your living room and . . .  
of course . . . navigation.

Guess what? Market research firm J.D. Power and Associates said nearly 
a third of new car buyers with built-in navigation systems gave up on them 
within two weeks. And two-thirds of drivers use their phone or another 
portable device to find their way, at least some of the time.

Why? (product designers take notes. . . .)
1. Entering a destination using a menu system that is tedious or "point of 
interest" searches that don't work that well. 
2. Using the voice command option with a machine that doesn't get it right 
the first . . . or second . . . or third time.
3. Safety systems that lock drivers out from entering a destination manually 

while the car is in motion. Especially when there's no one else in the car to do the job.
Many automobiles now allow smartphones to "mirror" their easy-to-use navigation 

systems on a car's dashboard screen. However, Powers found that many new car owners 
don't even know this solution exists. 

  Grabbing 
Signals from  

the Air

Shutterstock
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Corporate
Profile

iXblue
ixblue.com

iXblue stands as a global leader 
in the design and manufacturing 
of innovative solutions for 
navigation, positioning and imaging 
markets. Based on its 30 years of 
expertise, the French Group offers 
to its defense & civil customers 
turnkey high-technology solutions, 
enabling them to address increased 
challenges and carry out their 
maritime, land and space operations 
in the most efficient and safe ways 
possible.

iXblue generates 80% of its 
business abroad, in more than 30 
countries around the world. The 
Group can count on full value-chain 
expertise: all of its systems are 
produced internally, from design 
to manufacturing. Its success is 
especially informed by its French 
know-how, from its engineering 
offices to its production workshops. 
With more than 600 employees, 
iXblue is present on all continents 
and achieved in 2015 a turnover of 
100 million euros.

For more information on corporate 
membership in the Institute of 

Navigation, please contact Kenneth P. 
Esthus at 703-366-2723 extension 1004

GPS FOR EVERYONE

You Are Here
GPS seems to have come out of 

nowhere. 
One day we were driving around clue-

less about where we were, struggling with 
road maps bought at gas stations that 

couldn't be folded back 
neatly once opened, and 
— suddenly —an amiable 
female voice was com-
ing out of the dashboard 
offering directions to our 
destinations and showing 

no signs of impatience when we made 
wrong turns. 

Actually, GPS is based on simple ideas 
that have been around for cen¬turies, but 
their implementation had to wait until 
the required technologies matured and 
came together. 

Dr. Pratap Misra, professor in the 
Department of Mechanical Engineering 
at Tufts University and the 2014 recipient 
of the ION Johannes Kepler Award, has 

authored a new book, GPS for Everyone: 
You Are Here, designed as a popular intro-
duction to the Global Positioning System, 
its principles, technology, applications, 
and history.

Dr. Misra, an ION Fellow and past 
chair of Satellite Division, was a pio-
neer researcher at MIT Lincoln Labs in 
the adoption of GPS and other global 
navigation satellite systems, particularly 
in civil aviation. With Stanford Professor 
Per Enge, he previously authored GPS: 
Signals, Measurements, and Performance, a 
more technical ex-
ploration of GPS 
now in its second 
edition.

The only pre-
requisite for Dr. 
Misra’s new book 
is curiosity about 
a technology that 
has insinuated itself into our lives in a 
way that we can't imagine how we ever 
lived without it. To get a copy, go to 
<www.gpsforeveryone.com>. ION

SMS   SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    

Damage Control    

With a large explosion set to mimic an 
earthquake, a three-story reinforced 

concrete building in Sweden sagged and trembled 
last August, the first real-life test of a new 
building-monitoring system that the European 
Union hopes will make disaster rescue and 
recovery quicker and safer for the public.

The RECONASS project has taken three years 
of effort and seven participating countries. The 
ultimate system will offer near real-time structural 
damage assessment to first responders and civil 
authorities during fires, earthquakes, explosions or 
terrorist acts 

The technologies include wireless positioning 
tags plus strain, temperature, and acceleration sensors installed in buildings on the 
ground, precise positioning data from Galileo and EGNOS, drone camera imagery 
with 3D virtual imaging and animation, and a central processing station. 

(The full name of the project is a mouthful: Reconstruction and REcovery 
Planning: Rapid and Continuously Updated COnstruction Damage and Related 
Needs ASSessment) 

For a look at the test explosion, go to <https://www.youtube.com/
watch?v=E-hy9iP03lo>.

RECONASS would have helped 
accelerate rescue efforts in the 2016 
Amatrice earthquake in Italy

W
ik

ip
ed

ia



THE INSTITUTE OF NAVIGATION
8551 Rixlew Lane, Suite 360
Manassas, VA 20109-3701

Nonprofit Org.
U.S. Postage

PAID
Permit No. 425 
Southern, MD

ITM
 International Technical Meeting

PTTI
Precise Time and Time Interval
Systems Appplications Meeting

January 30 - February 2, 2017
Hyatt Regency Monterey

Monterey, California

www.ion.org

Co-located 2017 International Technical Meeting (ITM) and Precise 
Time and Time Interval (PTTI) Systems and Applications Meeting

ONE Registration Fee, TWO Technical Events and a Commercial Exhibit


