
The navigation was natural, and the 
panel previews lightning fast, at the 

ION GNSS+ 2014 held for the first time 
in Tampa, Florida, in September.

At the opening plenary session of the 
conference, keynote speaker and “natural 
navigator” Tristan Gooley regaled his 
audience with insights into orientation 
skills that use our eyes as 
the primary sensor and 
the human brain as the 
navigation computer.

Judging by the long lines 
at his book-signing table 
following the event, the 
plenary audience thorough-
ly enjoyed Gooley’s tales of 
far-flung adventures and 
navigational feats.

A Fellow of both the 
Royal Institute of Naviga-
tion and the Royal Geographical Society, 
Gooley is a British author and explorer 
whose most recent book, The Walker’s 
Guide to Outdoor Clues & Signs, popular-
izes some of his methods for using envi-
ronmental clues to find our way through 
the physical world. 

The spring 2014 issue of the ION 
Newsletter includes an essay by Gooley 
that gives more insight into how tools 
and clues he uses to move about with-
out aid of GNSS or other manmade 
instruments. 

The “lightning” introductions of the 
week’s panel discussions, on the other 
hand, represented something quite new. 

A brainchild of ION GNSS+ 2014 
Program Chair Dr. Terry Moore, the 
University of Nottingham, the previews 
gave the panels’ chairpersons five minutes 
in which to present a distilled foreshad-
owing of their respective subject matter 
— with time limits ensured by automated 
advance of the speaker’s slides. (An even 

more rigorous measure than ION’s tradi-
tional red/yellow/green lights.)

Moderated by Alan Cameron, editor 
& group publisher for GPS World, the 
lightning session featured the follow-
ing speakers and topics: Dr. John Betz, 
The MITRE Corporation, Status of 
GPS, GLONASS, Galileo, BeiDou, and 
QZSS; Didier Faivre, European Space 
Agency, France; Dr. Frank van Diggelen, 

GNSS+ 2014 PANEL, DEMOS

Indoor Positioning 
Heats Up

The Institute of Navigation rode the 
wave of interest in indoor positioning 

by collaborating at ION GNSS+ 2014 in 
Tampa with the Indoor Location Alli-
ance (ILA) to organize a session and live 
demonstrations.

A confluence of technology, policy, and 
applications is turning indoor venues into 
the next big frontier for positioning and 
navigation.

Recent market studies have heralded 
the prospects for positioning, naviga-
tion, and tracking inside buildings where 
GNSS signals are often attenuated or 
blocked entirely. Many products and 
conceptual designs combine the indoor 
technologies with GNSS to provide 
“ubiquitous” positioning.

In its report, “Indoor LBS: Appli-
cations, Advertising, and Revenues,” 
released earlier this year, ABI Research 
estimated that by 2019 new indoor 
positioning capabilities would drive more 
than $5 billion from targeted in-store 
offers, hyperlocal search, and in-appli-
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Indoor Positioning continued on page 5

ION GNSS+ 2014

Satellite Division Brings 
Global Navigation to Florida, 
‘Naturally’
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ION GNSS+ 2014 continued on page 6

At Tuesday night plenary: (from left,) ION 
GNSS+ 2014 general chair Doug Taggart; 
ION GNSS+ 2014 program chair Dr. Terry 
Moore; natural navigator Tristan Gooley; 
and ION Satellite Division chair Dr. Jade 
Morton 
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This past September, the ION’s Satellite Division 
hosted over 1,000 people at ION GNSS+ 2014, 

the world’s largest international technical meeting and 
showcase of GNSS technology, products and services.  
I would like to thank Mr. Doug Taggart, ION GNSS+ 
General Chair, and Dr. Terry Moore, ION GNSS+ 
Program Chair, as well as all the Satellite Division 
officers, technical track and session chairs and tuto-
rial instructors for making this year’s meeting such a 
resounding success. I would also like to thank all of the 
other organizations that hosted workshops and sympo-
siums in conjunction with ION GNSS+, including the 
Civil GPS Service Interface Committee (CGSIC).

Gaining acceptance into the ION GNSS+ technical 
program has become increasingly competitive. Close 
to 600 abstracts were received for this year’s technical 
program.  Next year’s program committee has already 

been discussing ways to ensure technical quality and 
sessions that meet the needs of the applications oriented 
commercial community and the peer review require-
ments for the academic community.  In order to provide 
adequate time for peer review of papers presented in the 
academic tracks, the deadline for submission of your 
ION GNSS+ 2015 abstract has been moved up to Feb-
ruary 5, 2015. You can expect to receive additional in-
formation on this in the coming weeks, but be prepared 
for acceptance to become even more competitive as the 
peer review standards are increased for next year.

Dr. Pratap Misra was presented with the 2014 Kepler 
Award during ION GNSS+ 2014 for his contributions 
to satellite navigation education, the understanding of 
GLONASS and receiver autonomous integrity monitor-
ing. The Kepler Award is presented for sustained and 

significant contributions to the development of satellite 
navigation, and is the Satellite Division’s highest honor.  
(See article on page 9 for more information.)

The ION Council met in conjunction with ION 
GNSS+ 2014; one of the main activities of the meeting 
was to review proposed bylaws changes. The Council 
passed an amendment to the ION’s bylaws that changed 
the term length for all elected Council positions from 
one to two years.  This change will take effect with those 
officers who take office in January 2015.  Addition-
ally, the Council tasked the ION’s current Technical 
Committee (chaired by the Executive VP with Land, 
Air, Space and Marine Reps), together with the Bylaws 
Chair, to make a recommendation to Council at the 
January 2015 Council meeting as how to best address/
designate technical representation on Council.

I am delighted to announce that Thomson Reuters 
has accepted NAVIGATION into Science Citation 
Index Expanded (also known as SciSearch), Journal Ci-
tation Reports/Science Editions, and Current Contents/
Engineering Computing and Technology. Indexing will 
begin with Volume 59 (1) 2012. This will ensure the 
continuation of the journal for many years to come. 
Thank you to Boris Pervan (Editor), Lisa Beaty (ION’s 
Executive Director) and Wiley Publishing for support-
ing ION’s application and indexing efforts.  Ms. Beaty 
is now planning to make all back issues of the Journal 
available to Wiley for international circulation in Wiley’s 
various subscription packages.

I would like to extend my thanks to this year’s Nomi-
nating Committee who put forth an excellent slate of 
candidates for election to ION Council. Electronic vot-
ing will be available after November 10th through the 
ION website. (Information on nominated candidates 
and voting can be found on page 3 of this newsletter.) 

The ION’s Precise Time and Time Interval (PTTI) 
Meeting will be held December 1-4, 2014 in Boston, 
Massachusetts.  I am looking forward to updates and 
networking with colleagues in the timing community.  

And finally, a last minute reminder that ION’s 2015 
International Technical Meeting will take place Janu-
ary 26-28, 2015 at the Laguna Cliffs Marriott in Dana 
Point, California. During this technical event, the ION’s 
Annual Awards will be presented and the 2015 ION 
Fellows will be named. I hope to see you there!

ION GNSS+  
Looking Back and Ahead

FROM THE ION PRESIDENT, PATRICIA DOHERTY
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ELECTIONS

ION Nominating Committee 
Selects Slate of 2015-2016 
Officer Candidates
The 2015-2016 Nominating Committee of The Institute of Navigation has submit-

ted names of candidates (listed below) to lead the ION during 2015-2016. Chaired 
by Dr. Todd Walter, the nominating committee included three representatives from each 
region. 

Pursuant to Article V of The ION’s bylaws, “additional nominations may be made by 
petition, signed by at least 25 members entitled to vote for the office for which the can-
didate 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 7. 

Voting will be conducted electronically via the ION website. On-line ballots will be 
available after November 10. Ballots must be cast on-line by December 6 to be counted.

Results will be announced at the ION 2015 International Technical Meeting, January 
26–28, 2015, in Dana Point, California. Newly elected officers will take office on Janu-
ary 28, at the conclusion of that meeting and serve for two years. Election results will be 
reported in a future ION Newsletter.

Nominees include the following: 

PRESIDENT
Dr. Dorota Grejner-Brzezinska
EXECUTIVE VICE PRESIDENT
Dr. John Raquet
Mr. Doug Taggart
TREASURER
Dr. Frank van Graas
EASTERN VICE PRESIDENT
Dr. Anthea Coster
Dr. Mike Veth
WESTERN VICE PRESIDENT
Mr. Tim Murphy
Mr. Greg Turetzky
EASTERN COUNCIL 
MEMBER-AT-LARGE
Dr. Seebany Datta-Barua
Dr. Sanjeev Gunawardena

WESTERN COUNCIL 
MEMBER-AT-LARGE
Dr. Todd Humphreys
Mr. John Nielson
AIR REPRESENTATIVE
Dr. Patrick Henkel
Dr. Thomas Pany
LAND REPRESENTATIVE
Dr. David De Lorenzo
Dr. Zainab Syed
MARINE REPRESENTATIVE
Dr. Alan Grant 
Dr. Nobuaki Kubo
SPACE REPRESENTATIVE
Dr. José Ángel Ávila Rodriguez
Dr. Oliver Montenbruck

ION Maritime Reps Sketch Current Issues at Sea

At its September meeting, the ION 
Council heard its maritime coun-

cilors, Dana Goward, RNT Foundation, 
and Alan Grant, General Lighthouse 
Authorities of UK & Ireland, report on a 
range of current issues for marine naviga-
tion: sea lane obstruction, focusing on the 
accelerating allocation of previously open 
sea-space for a variety of non-navigation 
purposes such as aquaculture, and wind 

farms; physical versus  electronic naviga-
tion aids, noting that the lion’s share of 
annual U.S. government expenditure of 
$1.3 billion goes toward maintaining ap-
proximately 51,000 physical aids such as 
lighthouses, which the Coast Guard wants 
to revise toward electronic aids such as 
“virtual buoys”; and the need to establish 
a terrestrial system to pair with GNSS to 
provide robust electronic navigation.  ION
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Defense Matters

Reliable PNT Services for the Nation: 
Leading, Hoping, or Avoiding?

Doug Taggart
President
Overlook 
Systems 
Technologies, Inc.

The Federal Aviation Administration’s NextGen 
initiative, being built on a cornerstone of satel-

lites for communications, surveillance, and naviga-
tion, made its way into the news in late September 
after a disgruntled contractor set a fire in the base-
ment of the FAA’s Air Traffic Control (ATC) center 
in Aurora, Illinois, damaging critical equipment. 

The fire at this crucial ATC center prompted the 
cancellation of more than 1,700 flights due to its ef-

fect on operations at O’Hare and Midway 
International airports and further raised 
awareness of the vulnerabilities lurking 
within our nation’s critical infrastructure. 

At the Air Traffic Control Association’s 
59th annual conference and exposition 
held in National Harbor, Maryland, just 
days after the incident, FAA Administra-
tor Michael Huerta told the audience, 

“What suffers under these circumstances is the 
efficiency of the system we have come to depend on. 
Regardless of the extraordinary conditions we are 
dealing with though, I do understand the traveling 
public’s frustrations with flight delays and cancella-
tions. The air transportation system is vital to our 
economy, and people rely on it to function 24 hours 
a day, 7 days a week. I want to make sure that we 
have the most robust contingency plans possible.” 

Mr. Huerta went on to state that a critical step to 
avoiding flight disruptions in the future is updating 
the national air traffic control system with NextGen. 
He said, “We can see the future clearly, and we want 
to get to the types of efficiencies that NextGen can 
bring us all.” 

All of which brings me to a question: “Is the Next-
Gen architecture capable of maintaining the underly-
ing economic efficiencies that enable point-to-point 
great circle routes without a signal source other than 
those provided by GPS and other Global Navigation 
Satellite Systems (GNSS)?” 

And the Answer is . . . ?
National policy issued in December 2004 on U.S. 
Space-Based Position, Navigation, and Timing 
(PNT) directs that the Secretary of Transporta-
tion shall: “In coordination with the Secretary of 
Homeland Security, develop, acquire, operate, and 

maintain backup position, navigation, and timing 
capabilities that can support critical transportation, 
homeland security, and other critical civil and com-
mercial infrastructure applications within the United 
States, in the event of a disruption of the Global 
Positioning System or other space-based positioning, 
navigation, and timing services. . . .” 

The national policy statement is clear, but still 
pending are actions to invest in a national level back-
up to address the underlying awareness of known 
vulnerabilities that place services from GPS and other 
GNSS in jeopardy. 

Is it inevitable that nothing will be done until a 
real-world event demonstrates the impacts of disrup-
tion of GPS or other space-based PNT services? 

I am not questioning whether an operational Next-
Gen will allow the National Airspace System to more 
quickly and efficiently adapt to the consequences of 
a fire in a FAA facility where equipment is damaged. 
However, that future reality may simply move the 
next attack into another domain where vulnerabilities 
from reliance on satellites generate entirely different 
threats and consequences. 

If a contractor with daily access to a facility can set 
a fire and diminish today’s ATC system for days or 
weeks, what impacts might we expect if the underly-
ing bedrock of NextGen — the critical communica-
tion, surveillance and navigation functionality vested 
in use of satellite-based services — is disrupted?

FAA Administrator Huerta did not provide any 
clear indicators that all is well. In his concluding 
remarks, he stated, “While we are able to respond 
to the type of incident in Chicago with our current 
infrastructure, we will be able to respond even more 
swiftly to future contingencies with the improved 
performance of NextGen.” 

One is forced to ask whether those contingencies 
include a means to work around a single, satellite-
based source of PNT.

The ubiquitous benefits of GNSS are well under-
stood, as are the vulnerabilities, but the call to deal with 
those underlying vulnerabilities by not having backup 
capabilities have been in place for almost a decade. 

Plans to invest in complementary systems (such 
as eLoran) have been debated for years, but govern-
ment initiative to act on those plans has been lacking. 

Unfortunately, as we 
have seen in many 
other venues, hope as 
a strategy eventually 
succumbs to reality.
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cation advertising. The study assessed 
the prospects across 11 retail verticals 
for major indoor positioning technolo-
gies, including beacons, RFID, near-field 
communications (NFC), Wi-Fi hotspots, 
handset-based technologies such as LED 
(light-emitting diodes), sensor fusion, and 
LTE Direct, and network-based tech-
nologies employing such resources and 
techniques as time difference of arrival, 
small cells, and LTE.

Greg Turetzky, with Intel Mobile Com-
munication, chaired a panel discussion on 
“Indoor Location, Standards, and Imple-
mentations,” with eight members reflect-
ing several distinct approaches to devel-
oping standards for various aspects of 
indoor positioning. The wide diversity of 
the technologies systems involved — such 
as cellular telephony, Wi-Fi, Bluetooth, 
and inertial sensors — poses a continuing 
challenge for creating a common standard 
in terms of which manufacturers could 
work to develop products.

The mixed results during demonstra-
tions of indoor positioning “solutions,” 
conducted in a large area on the first floor 
of the Tampa Convention Center that 
effectively eliminated access to GNSS 
satellite signals, also reflected that a lot 
remains to be done to achieve robust and 

Nokia’s HAIP RF-guided car 
going through its paces.

Participants at indoor positioning live 
demonstrations await their turn to show 
their solutions: from left, Cyril Houri, 
Navizon Inc.; Becky Oh, PNI Sensor Cor-
poration; Dave Huntingford, CSR Tech-
nology; Markus Krainz, Indoo.rs GmbH; 
Steve Malkos, Broadcom.

Defense Matters continued from page 4
Instead we hear calls for more studies 
focused on scoping the problem rather 
than implementing a plan to address the 
problem. 

A current political ad for the upcom-
ing mid-term November elections in 
Virginia says it all by conveying the 
thought that, while you do need a plan, 
more importantly you need a leader to 
implement the plan. 

As to the decade-old policy directing 
a national backup to GPS, it seems that 
the government leadership responsible 
for its implementation continues to avoid 
the subject, perhaps in hope that it won’t 
actually be needed. 

Unfortunately, as we have seen in 
many other venues, hope as a strategy 
eventually succumbs to reality. ION

accurate positioning indoors.
Organized by Dr. Paul Mc-

Burney, CEO of GopherHush 
(a private positioning data 
service for smartphones), the 
demos featured the following 
companies and methods:
•  Indoo.rs, a beacon-based 

system that, among other 
installations, is used to guide visually 
impaired passengers at San Francisco 
International Airport

•  CSR, Wi-Fi ranging and integrated 
MEMS inertial for pedestrian dead 
reckoning

•  Broadcom, enhanced WiFi ranging 
using a smartphone-based round trip 
timing (RTT) method, ranging off the 
three Wi-Fi access points 

•  PNI Sensor, based on low-power gyro, 
accelerometers, and magnetic sensor 

•  Navizon, showing a software-based 
solution for integrators that employed 
Wi-Fi finger-printing, Apple’s Blue-
tooth low-energy (BLE) iBeacons, and 
inertial sensors (In place of a live demo, 
showed a prerecorded YouTube video to 
demonstrate the system’s capabilities.)

•  Rx Networks, using signals from WiFi 
access points, cellular, and barometer 
to provide three-axis indoor location

•  Nokia, Bluetooth angle-of-arrival po-
sitioning incorporating high accuracy 
indoor positioning radio frequency 
(RF) tags and a remote positioning 
server to guide radio-controlled cars.
Companies vying for the indoor posi-

tioning market could well be aided by new 
Federal Communcations Commission 
(FCC) requirements for enhanced 911 
(E911) capability on mobile phones for 
automatic location of emergency callers. 
The initial E911 rulemaking that began 
in the mid-1990s provided an unexpected 

impetus for location-based services that 
exploited GNSS and other positioning 
technologies that migrated to portable 
devices as a result of the FCC initiative.

In its Third Further Notice of Proposed 
Rulemaking published in the March 28, 
2014, Federal Register, the commission 
proposed to revise its regulatory frame-
work for delivery of accurate location 
information to public safety answering 
points (PSAPs or 911 call centers) for 
emergency wireless calls placed from 
indoors. 

The proposed standard would require 
Commercial Mobile Radio Services 
providers, within two years of the effective 
date of adoption of rules, to deliver hori-
zontal location (x- and y-axis) information 
within 50 meters of callers and report 
vertical location (z-axis) information 
within 3 meters for 67 percent of 911 calls 
placed from indoor environments and for 
80 percent of indoor calls within five years.

In the near term, the FCC says, those 
indoor accuracy metrics would provide 
approximate location information suf-
ficient to identify the building and the 
floor level from multi-story buildings for 
most indoor calls. ION

Indoor Positioning continued from page 1
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Broadcom; Glen Gibbons, Inside GNSS, 
High Precision GNSS — What will it 
Look Like in 2020?; Oscar Pozzobon, 
QASCOM S.R.L., Italy, GNSS Au-
thentication; Dr. Frank van Graas, Ohio 
University, Navigation 2034; Dr. Todd 
Humphreys, The University of Texas 
at Austin, GNSS Vulnerabilities and 
Threats; Prof. Dorota Grejner-Brzezinska, 
The Ohio State University, GNSS – Our 
Strongest Asset or Weakest Link?; and Dr. 
Didier Flament, European Space Agency, 
France, High Integrity Systems.

Although the process proved challeng-
ing, most speakers came through with fly-
ing colors and, in several cases, thorough-
ly entertaining presentations with such 
delights as a video clip of a dog-walking 
drone. (The pup seemed puzzled.)

A Very International Event
In its 27th year, the annual conference 
— overseen, in addition to Dr. Moore, 
by ION Satellite Division Chair Dr. Jade 
Morton and Doug Taggart as the event’s 
general chair — showed its staying power 
with the largest number yet of paper 
abstracts submitted — 587. 

And the event, which transformed it-
self from a national into an international 
meeting, continues to widen its appeal 
with attendance now almost evenly split 
between U.S. and foreign participants. 
An analysis of this year’s registration 
shows the following breakout: USA, 
52%; Asia/Pacific, 14%; Canada: 7%; 
Europe, 26%; and Middle East/Africa/
South America, 1%.

This year’s ION GNSS+ conference for 
the first time featured tracks dedicated to 
commercial uses of location technology and 
applications based on GNSS capabilities.

 The two tracks covered a wide range 
of subjects, including new consumer 
products, microelectromechanical systems 

ION GNSS+ 2014 IN REVIEW

ION GNSS+ 2014 continued from page 1

Plenary keynoter Tristan Gooley signs 
copies of his latest book for ION GNSS+ 
2014 attendees.
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ION GNSS+ 2014 IN REVIEW

(MEMS), high-accuracy uses, and simu-
lation and testing. The new tracks did not 
require the preparation of full technical 
papers; instead they highlighted and 

distinguished commercial and applica-
tions-oriented content from the more 
traditional peer-reviewed papers. Further 
modifications to the technical program 

will come in 2015. See the article on page 
8 for further details.

“If you are an applications program 
person, you could see an entire track of 
sessions for all three days that are appli-
cation-oriented just for you,” said Lisa 
Beaty, ION executive director. “If you 
are a commercial person, you could see 
a commercial track of sessions designed 
specifically for you.”

Another innovation was a partnership 
with the Indoor Location Alliance (ILA) 
to organize a session and live demonstra-
tions. (See accompanying article that 
begins on page 1.)

Parkinson, Kepler,  
Student Paper Awards
The ION GNSS+ conference also serves 
as the venue for announcements of the 
recipients of several prestigious awards. 

Dr. Pratap Misra, “Professor of the 
Practice” in the Department of Mechanical 

ION GNSS+ 2014 Program Committee: Dr. Frank van Diggelen, Marco Falcone, Dr. 
Allison Kealy, Doug Taggart (general chair), Dr. Terry Moore (program chair), Dr. Paul 
Groves, Bernhard Richter and Dr. John Raquet. Not pictured: Dr. Susan Skone.
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ION GNSS+ 2014 IN REVIEW

Parkinson Award Goes to 
Simon Banville

At the ION GNSS+ 2014 confer-
ence in September, Dr. Simon 

Banville, Department of Geodesy and 
Geomatics Engineering, University 
of New Brunswick, Canada received 
the 2014 Bradford W. Parkinson 

Award for 
his thesis: 
Improved 
Convergence 
for GNSS 
Precise Point 
Positioning. 

Estab-
lished in 
June 2003, 
the Parkin-
son Award 
is presented 
annually to 
an out-
standing 

graduate student in the field of Global 
Navigation Satellite Systems (GNSS). 
The award, which honors Dr. Parkin-
son 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 $2,500 honorarium. ION

Dr. Simon Banville, 
recipient of the ION’s 
2014 Bradford W. 
Parkinson Award

Engineering at Tufts University, received 
the Johannes Kepler Award “for sustained 
and significant contributions to the 
development of satellite navigation.” In 
presenting the award, the ION highlighted 
Dr. Misra’s early and ongoing research on 
the Russian GNSS system, GLONASS.

The 2014 Bradford W. Parkinson 
Award for outstanding graduate student 
in the field of GNSS studies went to Dr. 
Simon Banville at the Department of 
Geodesy and Geomatics Engineering, 
University of New Brunswick.

Five individuals also received the ION 
GNSS+ Student Paper Awards. Further 
details on all this year’s awards can be 
found on pages 8 and 9. ION

LOOKING AHEAD

ION GNSS+ 2015 Program Will  
Have Some New Elements

The next incarnation of the ION 
GNSS+ conference will be in the 

same place — Tampa, Florida, Septem-
ber 14–18, 2015 — but with some new 
guidelines for prospective authors.

First, the conference will be organized 
around two types of sessions/tracks: 1) 
Systems and Applications and 2) Techni-
cal Peer-Reviewed. The abstract submis-
sion criteria, paper selection, and publi-
cation guidelines for sessions in each of 
these two tracks will also have some new 
features. Moreover, in order to accom-
modate the changes to the peer-reviewed 
sessions the abstract deadline for next year 
has been moved up to February 5, 2015 (a 
month earlier than normal).  

Systems and Applications  
Tracks
Content will emphasize real-world 
implementation of GNSS and other PNT 
technologies. Abstracts should describe 
objectives, anticipated or actual results, 
conclusions, any key innovative steps, and 
the significance of the authors’ work.

Paper acceptance at the ION GNSS+ 
conference is competitive and averages 83 
percent in these sessions. Speakers will be 
notified of acceptance after April 6 and  
provided with an electronic presentation 
kit with presentation and publication 
guidelines.

PowerPoint presentations submitted 
through the ION Abstract Management 
Portal (AMP) no later than September 
25, 2015, will be included in the confer-
ence proceedings. A full technical paper 
is optional and may be published on a 
voluntary basis. 

Presentations not representative of the 
original abstract submitted will NOT be 
included in the conference proceedings, 
regardless of whether or not they were 
presented at the conference, and may 
affect the acceptance of future abstracts. 

Presentations submitted in these tracks are 
not eligible for peer review.

Peer-Reviewed Track
Extended abstracts of sufficient detail 
(500-2,500 words) are required. Abstracts 
should describe objectives, anticipated 
or actual results, conclusions, any key in-
novative steps, and the significance of the 
authors’ work. Abstracts not meeting the 
500-word minimum will not be forward-
ed to the program committee for review.

Based on past experience, the accep-
tance rate averages 54 percent for sessions 
in these tracks. Authors will be notified of 
provisional acceptance after April 6 and 
provided with an electronic author’s kit 
and instructions regarding submission of 
full manuscripts for peer review. Com-
pleted manuscripts must be submitted via 
the AMP by June 24.

Designation of primary versus alternate 
papers and the final order of paper pre-
sentations will be determined during the 
peer-review process. All papers presented 
in this track will be required to meet 
peer-review requirements in order to be 
presented at the conference and published 
in the proceedings. Papers failing to meet 
the peer-review requirement, or failing to 
submit a completed manuscript by June 
24, will be cancelled.

Authors will be notified of peer review 
results and presentation status through AMP 
by the end of July. 

Manuscripts meeting the peer-review 
requirement will be included in the 
proceedings. Manuscripts not representa-
tive of the original abstract submitted will 
NOT be presented or included in the 
conference proceedings. Although final 
manuscripts are required for peer-review 
by June 24, corrected/updated manu-
scripts will be accepted through Septem-
ber 25 for inclusion in the proceedings. ION
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Dr . Pratap Misra Receives ION’s Prestigious Kepler Award

The Institute of Navigation’s (ION) Satellite Division award-
ed Dr. Pratap Misra its Johannes Kepler Award on Sep-

tember 12 at the ION GNSS+ 2014 
conference in Tampa, Florida. He 
was singled out for his contributions 
to satellite navigation education, the 
understanding of GLONASS, and 
receiver autonomous integrity moni-
toring (RAIM).

Dr. Misra is credited with tracking 
GLONASS satellites using the Air 
Force’s Deep Space Tracking Net-
work to determine their orbits in the 
coordinate frame used by GPS, while 
the satellites broadcast their positions 
in the Soviet coordinate frame. He is 
recognized for his ground-breaking 

work on navigation with combined GPS and GLONASS signals 
and is the Western world’s leading expert on the Russian global 
navigation satellite system. 

Dr. Misra was a technical advisor to the Federal Aviation 
Administration for many of the bilateral and multi-lateral com-

mittees that worked on the development of GPS/GLONASS 
spectrum sharing and avionics standards.

Additionally, Dr. Misra has long worked on RAIM tech-
niques, contributing a novel approach that does not require the 
simplifying assumption of Gaussian errors. He was also the first 
to provide a RAIM algorithm that leveraged the receiver clock 
to place a bound on the vertical position error. These algorithms 
are expected to play a significant role in the upcoming multi-
constellation GNSS environment.

Dr. Misra is currently a research associate professor of me-
chanical engineering at Tufts University. A gifted speaker and 
devoted teacher, he is well known for the textbook that he co-
authored with Professor Per Enge of Stanford University: Global 
Positioning System: Signals, Measurements and Performance. 

Dr. Misra is a past chair of the ION Satellite Division and has 
held numerous volunteer positions within the Institute, most 
recently focusing on the support of student programs.  He is 
both an ION Fellow (2003) and IEEE Fellow (2007).

The Kepler Award recognizes and honors an individual for 
sustained and significant contributions to the development 
of satellite navigation. It is the highest honor bestowed by the 
ION’s Satellite Division. 

Dr. Pratap Misra, the ION 
2014 Johannes Kepler 
Award winner

ION GNSS+ 2014 Student Award Winners
The Institute of Navigation (ION) 

Satellite Division announced the 
winners of the ION GNSS+ 2014 Stu-
dent Paper Awards. 

Each year, the ION Satellite Division 
presents Student Paper Awards to encour-
age student participation in GNSS+ and 
to support continued involvement in 
GNSS after graduation. 

Student papers are selected based on 
technical content, innovation, impor-
tance and timeliness of the subject 

matter; and conciseness, clarity and 
completeness of the written material and 
are evaluated by recognized industry and 
academic experts. Awards are presented to 
the lead authors of the best papers.

To qualify, students must have been 
full-time undergraduate or graduate 
students in engineering, science, math-
ematics or other related fields at the time 
their papers were written. Papers cannot 
be co-authored by a working professional 
or a faculty member. 

Student award winners received a full 
complimentary conference registration 
and a travel stipend and were recognized 
during the Friday Award Luncheon.

Congratulations to the following stu-
dents who received 2014 student awards:

Srinivas Bhaskar, University of Cal-
gary, Canada, Exploiting Quasi-periodicity 
in Receiver Dynamics to Enhance GNSS 
Carrier Phase Tracking; Chien-Hsun Chu, 
National Cheng Kung University, Taiwan, 
The DG Performance Verifications of UAV 
Borne MMS Payload with two Tactical 
Grade Low Cost MEMS IMUs Using New 
Calibration Method; Amir Khodabandeh, 
Curtin University of Technology, Austra-
lia, Single-differenced Satellite Phase bias 
Determination Using an Array of GNSS 
Antennas; Lei Wang, University of Col-
lege London, United Kingdom, Kinematic 
GNSS Shadow Matching Using a Particle 
Filter; and Yingwei Zhao, University of 
Darmstadt, Germany, A New Method in 
Modelling the IMU Stochastic Errors. ION

2014 ION GNSS+ award winners: (from left) Lei Wang, Srinivas Bhaskar, Amir 
Khodabandeh, Yingwei Zhao and Chien-Hsun Chu
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A1: High Accuracy Products and 
Solutions 
The Triple-frequency Multi-system 
RTK Engine for Challenging Environ-
ments: J. Viana, F. Boon, P. Jacobs, F. 
Kleijer, B. Durinck, A. Simsky, J. Van 
Hees, B. Bougard, Septentrio Satellite 
Navigation, Belgium 

B1: Applications Using Consumer GNSS 
Mobile Mapping Using Smartphones: 
A. Al-Hamad, A. Moussa and N. El-
Sheimy, University of Calgary Canada 

C1: Atmospheric Effects 1
Tropospheric Monitoring Over the 
Ocean using Shipborne GNSS Receiver: 
M. Fujita, JAMSTEC/RIGC, Japan; A. 
Wada, Hitachi Zosen Corporation, Japan; T. 
Iwabuchi, C. Rocken, GPS Solutions Inc., 
Boulder 

D1: Advances in Positioning Using 
Radio and Other Signals 
Multipath Assisted Positioning Using 
a Single Antenna with Angle of Arrival 
Estimations: Christian Gentner, Robert 
Pöhlmann, Thomas Jost and Armin 
Dammann, German Aerospace Center 
(DLR), Germany 

E1: GNSS Vulnerabilities 1: Interference 
Overview of Weak Interference Detec-
tion and Localization Techniques for 
the GNSS Environmental Monitoring 
System (GEMS): Ediz Cetin, University 
of New South Wales, Australia; Matthew 
Trinkle, The University of Adelaide, Aus-
tralia; Alexandre Bours, ENSTA ParisTech, 
France; Giulio Gabelli, University of Bolo-
gna, Italy; Ryan J.R. Thompson, Andrew 
G. Dempster, University of New South 
Wales, Australia; Giovanni E. Corazza, 
University of Bologna, Italy

B2: High Precision GNSS
Optimized Precise-Point-Positioning 
Service for Natural Hazard Monitor-
ing: Y. Bar-Sever, W. Bertiger, M. Garcia 
Fernandez, N. Harvey, L. Romans, J. 

Weiss, Jet Propulsion Laboratory, Califor-
nia Institute of Technology 

C2: Atmospheric Effects 2
GPS and Ionosonde Data Fusion for 
Ionospheric Tomography: Karen Q.Z. 
Chiang and Mark L. Psiaki, Cornell 
University 

D2: Inertial Sensors, Algorithms, and 
Integration
Broad Motion Mode Recognition for 
Portable Navigation: Mostafa Elhoushi, 
InvenSense Inc. and Queen’s University, 
Canada; Jacques Georgy, InvenSense Inc., 
Canada; Michael Korenberg, Queen’s 
University, Canada; Aboelmagd Noureld-
in, Queen’s University and Royal Military 
College of Canada  

E2: Next Generation GNSS Positioning
Combined GPS+BDS+Galileo+QZSS for 
Long Baseline RTK Positioning: R. Odo- 
linski, Curtin University, Australia; P.J.G. 
Teunissen, Curtin University, Australia and 
Delft University of Technology, The Nether-
lands; D. Odijk, Curtin University, Australia 

F2: Alternatives and Backups to GNSS 
for Navigation 1
From L-Band Measurements to a 
Preliminary Channel Model for APNT: 
N. Schneckenburger, D. Shutin, T. Jost, 
M. Walter, T. Thiasiriphet, A. Filip, M. 
Schnell, German Aerospace Center (DLR), 
Germany  

A3: MEMS
The Limits of In-run Calibration of 
MEMS and the Effect of New Tech-
niques: Henry Martin, Paul Groves, 
University College London, UK; Mark 
Newman, BAE Systems Advanced Technol-
ogy Centre, UK 

B3b: Aviation and Marine Applications 1
Crowdsourcing Arctic Navigation 
Using Multispectral Ice Classification 
& GNSS: Tyler Reid, Todd Walter and 
Per Enge, Stanford University; Ananda 

Fowler, RIEGL Laser Measurement Sys-
tems GmbH, Austria  

C3a: Remote Sensing; Space 
Applications; Timing and Scientific 
Applications 1  
Robust GPS Timing for Phasor Mea-
surement Units: A Position-Informa-
tion-Aided Approach: Daniel Chou, 
Liang Heng and Grace Xingxin Gao, 
University of Illinois Urbana-Champaign  

D3: Enhancing GNSS with Sensors, 
Mapping and Cooperation
Development of a Positioning Tool for 
the Navigation of Visually Impaired 
People: Petra Hafner, Katrin Huber, 
Thomas Moder, Manfred Wieser, Graz 
University of Technology, Austria; Gernot 
Hollinger, Clemens Strauß, Strauß and 
Hollinger: GeoIT OG, Austria  

E3: GNSS Error Models
GPS Scintillation Modeling and Re-
ceiver Design Strategies for Low-lati-
tude Regions: F. Ghafoori and S. Skone, 
University of Calgary, Canada  

F3a: Modernization of GNSS Systems, 
Compatibility, Interoperability, Service 
Performance 1
Galileo in Orbit Validation Open Ser-
vice and Search and Rescue Position-
ing Performance: S. Binda, G. Lopez-
Risueño, M. Albertazzi, G. Galluzzo, F. 
Gonzalez, D. Blonski, I. Stojkovich, E. 
Breeuwer, J. Hahn, M. Falcone, European 
Space Agency, The Netherlands; M. Gas-
barra, M. Eleuteri, F. Paggi, Thales Alenia 
Space Italy; A. Nuckelt, D. Oskam, 
Airbus Defence and Space 

F3b: Alternatives and Backups to GNSS 
for Navigation 2
Using Indoor Maps to Enhance 
Real-time Unconstrained Portable 
Navigation: Tao Li and Jacques Georgy, 
InvenSense Inc., Canada 

A4: New Consumer Products and 
Applications: Phones, Tablets, 
Wearables, Automotive 
An Analysis of the Accuracy of Blue-
tooth Low Energy for Indoor Position-
ing Applications: R. Faragher and R. 
Harle, University of Cambridge, UK 

B4: Aviation and Marine Applications 2  
Spoofing Mitigation, Robust Collision 
Avoidance, and Opportunistic Receiver 
Localisation Using a New Signal Pro-
cessing Scheme for ADS-B or AIS: R. 
Faragher, University of Cambridge, UK; 

ION Announces Best Presentations 
from GNSS+ 2014 Conference

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.).

The following authors and papers won Best Presentation Awards at ION GNSS+ 
2014:
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Canada; Naser El-Sheimy, University of 
Calgary, Canada 

E5a: GNSS Receiver Technology - 
Software and Algorithms 1  
Exploiting Quasi-periodicity in Receiv-
er Dynamics to Enhance GNSS Carrier 
Phase Tracking: Srinivas Bhaskar, Uni-
versity of Calgary, Canada 

F5a: Interference and Spectrum Issues
Nonstationary Jammer Excision for 
GPS Receivers using Sparse Recon-
struction Techniques: Moeness G. 
Amin and Yimin D. Zhang, Villanova 
University 

F5b: GNSS Augmentation Systems and 
Integrity 2 
A Practical Approach to Optimal 
Estimator Design in RAIM: Mathieu 
Joerger and Boris Pervan, Illinois Institute 
of Technology 

A6: Simulation and Testing 
The Importance of Human Motion for 
Simulation Testing of GNSS: Kimon 
Voutsis, Paul D. Groves, University Col-
lege London, UK; Mark Holbrow, Colin 
Ford, Spirent Communications plc, UK 

B6: Precise Point Positioning and 
L-band Services
Real-time PPP with Ambiguity Resolu-
tion – Determination and Applica-
tion of Uncalibrated Phase Delays: K. 
Huber, Graz University of Technology, 
Institute of Navigation, Austria; F. Hin-
terberger, Vienna University of Technol-
ogy, Austria; R. Lesjak, Graz University 
of Technology, Austria; R. Weber, Vienna 
University of Technology, Austria 

C6: Urban and Indoor Positioning and 
Navigation
The Potential of Electromyography 
to Aid Personal Navigation: James 
Pinchin, Gavin Smith, Chris Hill, Terry 
Moore, University of Nottingham, UK; 
Ian Loram, Manchester Metropolitan 
University, UK 

D6: Navigation Using Environmental 
Features
Assured Vision Aided Inertial Localiza-
tion: Andrey Soloviev, QuNav; Chun 
Yang, Sigtem Technologies; Michael Veth, 
QuNav; Clark Taylor, Air Force Research 
Laboratory/Sensors Directorate 

E6a: GNSS Receiver Technology - 
Software and Algorithms 2
Implementation and Performance 
Analysis of a Multi-frequency GPS 

Signal Tracking Algorithm: Hang Yin, 
Yu (Jade) Morton, Mark Carroll, Miami 
University (Ohio) 

E6b: GNSS Vulnerabilities 2: Spoofing 
and Authentication
Cooperative GPS Signal Authentica-
tion from Unreliable Peers: Liang 
Heng, Daniel Chou, and Grace Xingxin 
Gao, University of Illinois at Urbana-
Champaign  ION 

P.F. MacDoran, M.B. Mathews, Loctro-
nix® Corporation, USA 

C4: Software Receivers
GNSS-SDRLIB: An Open-Source and 
Real-Time GNSS Software Defined Ra-
dio Library: Taro Suzuki and Nobuaki 
Kubo, Tokyo University of Marine Science 
and Technology, Japan  

E4: High Precision GNSS Positioning
A Real-time World-wide Ionospheric 
Model for Single and Multi-frequency 
Precise Navigation: A. Rovira-Garcia, J. 
M. Juan, J. Sanz, Technical University of 
Catalonia (UPC), Spain  

F4a: GNSS Augmentation Systems and 
Integrity 1
Challenging EGNOS on the LPV 200 
Vertical Accuracy Tail Requirements: 
F. Bauer, Thales Alenia Space, France; E. 
Tapias, Consultant for Thales Alenia Space, 
France; C. López de Echazarreta, Euro-
pean Space Agency, France 

F4b: Modernization of GNSS Systems, 
Compatibility, Interoperability, Service 
Performance 2
GNSS Time Offset Monitoring & Time 
Synchronization Testing and Assess-
ment: B. Yu, J. Li and C. Wu, China 
Electronics Technology Group, China  

A5: Multi-Constellation in Commercial 
Products
A Quad-Constellation Monolithic 
GNSS Receiver: Charles Norman and 
Andreas Warloe, Broadcom Corporation 

B5: Land Based Applications
Deriving Bearing Measurements from 
Video Images using Haar-like Features 
for Vehicle-to-Vehicle Navigation: 
Elmira Amirloo Abolfathi and Kyle 
O’Keefe, University of Calgary, Canada 

C5: Remote Sensing; Space 
Applications; Timing and Scientific 
Applications 2
Analysis of Error Sources in Phase Rate 
Measurements in GPS Radio Occulta-
tion: Elliot H. Barlow, Penina Axelrad, 
Peter Withnell, and Danielle Nuding, 
University of Colorado, Boulder 

D5: Next Generation Multisensor 
Integration
An Advanced Real-Time Navigation 
Solution for Cycling Applications Using 
Portable Devices: Hsiu-Wen Chang, 
InvenSense Inc./University of Calgary, 
Canada; Jacques Georgy, InvenSense Inc., 

ION GNSS+ 2014 IN REVIEW

Corporate
Profile

Oxford Technical Solutions Ltd.
www.oxts.com

At OxTS we pride ourselves 
on over 15 years of experience 
in Inertial and GNSS navigation 
technology. We offer a wide range of 
products which measure roll, pitch, 
and heading as well as RTK GNSS 
position down to 1 cm. Combined 
with our sophisticated calibration 
techniques and advanced algo-
rithms, our products are ideal for 
mapping the conditions of road sur-
faces, geo-referencing of airborne 
LiDAR data, or providing navigation 
information to self-driving vehicles. 
Our products provide high accuracy, 
low drift rates and are backed by our 
team of highly skilled and experi-
enced customer support engineers.

Welcome to the Following  
New Corporate Members:

Oxford Technical Solutions Ltd.
www.oxts.com

Unicore Communications, Inc.
http://www.unicorecomm.com/

For more information on corporate 
membership in the Institute of 
Navigation, please contact Kenneth 
P. Esthus at 703-366-2723 extension 
1004,



ION  Newsletter 12  Fall  2014

This past summer the Satellite Divi-
sion held its election for Satellite 

Division Officers who will take office at 
the conclusion of ION GNSS+ 2014. 

The following individuals were elected 
and will serve on the Satellite Division 
Executive Committee for two-year terms: 
Chair, Dr. John Betz, The MITRE Cor-
poration; Vice Chair, Dr. Frank van Dig-
gelen, Broadcom; Secretary, Mr. Doug 
Taggart, Overlook Systems Technologies; 
Treasurer, Dr. Grace Gao, University of 
Illinois.

Dr. Jade Morton will continue to serve 
on the Satellite Division Executive Com-
mittee for an additional two years as the 
Immediate Past Chair. Two International 
Technical Representatives will also be 
appointed. 

Dr. Jade Morton, out-going Satel-
lite Division Chair, was honored during 
Friday’s awards luncheon where she was 
recognized for her visionary leadership of 
the Satellite Division. (See accompanying 
article on this page.)

The Satellite Division would also 
like to thank Dr. Anthea Coster and 
Dr. Mark Petovello who have served as 
Satellite Division secretary and treasurer, 

respectively, for the past two years, Dr. 
John Raquet, who has served on the Sat-
ellite Division Executive Committee for 
the past six years, and Yuanxi Yang and 
Dr. José Ángel Ávila Rodríguez, who have 

served as international technical advisors. 
The Institute also extends its thanks to all 
the other volunteers who have provided 
counsel and guidance over the past two 
years. ION 

PASSING THE TORCHES

ION Satellite Division Elects New Officers

ION Recognizes Work of Outgoing Satellite Division Chair

The Institute of Navigation has recognized Dr. Jade Morton 
for her visionary leadership of the Satellite Division during 

the past two years. 
During her term as Satellite Division Chair, she has been 

an avid supporter of the division’s outreach efforts, support-
ing and developing technical events such as the ION’s Robotic 
Lawn Mower and Autonomous Snowplow Competitions, ION 
GNSS+ Student Awards, and initiatives for the sustainable de-
velopment of navigation, science, and technology in developing 
nations.

Dr. Morton has participated in the further development of 
the ION GNSS+ conference’s organization as both the program 
and general chair of the meeting in 2012 and 2013, as an ION 
GNSS+ tutorial instructor, and as a past chair of the Division’s 
Parkinson Awards Committee. In addition to these roles and re-

sponsibilities, Dr. Morton has 
been instrumental in facilitat-
ing the international exchange 
of technical information 
between GPS and BeiDou 
programs during the ION’s 
international meetings, and in 
the organization and leader-
ship of expert GPS panels that 
have presented at the Chinese 
Satellite Navigation Confer-
ence over the past number of years.

She will continue to serve on the Satellite Division Executive 
Committee for an additional two-year term as the Immediate 
Past Chair. ION 

Dr. Jade Morton (at right), outgoing 
chair of the ION Satellite Division, 
receives award from Patricia 
Doherty, ION president

ION GNSS+ 2014 IN REVIEW

ION Satellite Division Officers: Dr. John Betz (vice chair), Dr. Xiancheng (Hunter) Ding 
(BeiDou advisor), Dr. Anthea Coster (secretary), Patricia Doherty (ION president), Dr. 
Jade Morton (chair), Dr. Eric Châtre (Galileo advisor) and Dr. John Raquet (immediate 
past chair).  Not pictured: Dr. Mark Petovello (treasurer), Hiroyuki Noda (QZSS advisor), 
Dr. José Ángel Ávila Rodríguez (European advisor) and Dr. Yuanxi Yang (Asian advisor).
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Book Review

A History of Navigation Brought Up to Date

FROM THE ION HISTORIAN, MARVIN MAY

Marvin B. May is 
Chief Navigation 
Technologist at 
Pennsylvania State 
University’s Naviga-
tion Research and 
Development Cen-
ter in Warminster, 
Pennsylvania. His 
email is <mbm16@
arl.psu.edu>.

In You Are Here, author Hiawatha 
Bray brings the history of the art 

and science of navigation into the 21st 
century and beyond. Bray, a longtime 
technology reporter for the Boston 
Globe, handles this formidable task 
in an entertaining, informative and 
provocative fashion.  

This short and easy to read volume 
exemplifies and reflects the exploding 
growth rate of the digital information 
revolution. Each year from 2009 to 
2020, the amount of data will increase 
by a factor of 44. But the accumulation 
of location information started much 
more slowly. Consider that the first 

chapter describes 14,000-year-old Paleolithic rock 
art found in Western Europe. These cave etchings 
depicted nearby hunting grounds and rivers and may 
be some of the earliest maps we can still see. 

Jumping ahead a few thousand years, a map carved 
into a clay tablet around 2300 BCE features im-
ages of towns, rivers, and mountains of what is now 
northern Iraq, as well as written notes on the dimen-
sions of various plots of farmland. 

This first chapter ends with the story of German 
geographer Albrect Penck, who proposed to unify the 
world’s cartographic efforts. At an 1891 geographer’s 
conference in Bern, Switzerland, Penck proposed 
the “International Map of the World”, a project to 
map the entire globe using standardized symbols, 
colors, and scale. Given the tools and techniques of 
the era, Penck suggested a scale of one inch to one 
million inches, or one inch o 15.78 statute miles. 
As is the case with most attempts at wide ranging 
standardization and unification, Penck’s million-
to-one scaled map languished and finally became 
overcome by events. 

You Are Here’s first chapter has a scale of 18 
pages of information covering 13,900 years at 
about 30 kilobits per page, or 39 bits of informa-
tion per year! 

The 103 pages of the next five chapters, scal-
ing at about 36 kilobits of information per year, 
cruise through most of the 20th century — 1900 
to 1995. In a sweeping history of the develop-

ment of location technology, Bray fills the pages 
with fascinating tales of scientists and astronauts, 
inventors and entrepreneurs solving the problems of 
precise positioning. 

Radionavigation
Military applications frequently supplied the neces-
sity which mothered the inventions—as was the case 
for the first radio direction finders. World War I was 
the first war in which aircraft played a major role, 
and it soon became evident that accurate navigation 
was as difficult as it was essential. 

Visual navigation over enemy territory was dif-
ficult even if adequate maps were available. It was 
hazardous to fly low enough to spot landmarks and 
clouds and bad weather made many operations 
impossible. Speed sensors combined with magnetic 

YOU ARE HERE
by Hiawatha Bray
From the Compass to GPS, 
the History and Future of 
How We Find Ourselves
Basic Books 2014
ISBN 978-0-465-03285-3
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compasses, or even newly developed at-
titude heading reference systems, didn’t 
work well under battlefield conditions.  

All countries involved in the Great War 
wanted a viable radionavigation system. 
German zeppelins were the first to use 
active radio direction-finding equipment 
in 1915. Zeppelin navigators broadcast 
location requests to radio stations in Ger-
many. The ground- based stations would 
take a bearing using a directional antenna 
on the source of the broadcast and use 
triangulation to calculate the zeppelin’s 
position, then relay that position to the 
zeppelin. 

Fortunately for the British, engineers 
working for a division of the legendary 
Marconi radio company found out how 
to enable their ground radio-direction 
stations in France to pick up the German 
broadcasts and triangulate their positions. 
Later on, the Germans developed pas-
sive radio direction-finding positioning 
system, but too late to alter the course of 
the war. 

By the end of the war, radionavigation 
was neither accurate nor compact enough 
to be of much use to the growing com-
mercial aircraft industry of the 1920s. 
But by the late 1930s a federally funded 
network of ground stations, dubbed the 
“four-course radio range” system, hat 
became the primary United States air-
navigation system. 

Bray recounts further developments 
in radio navigation over the next few 
decades and peppers the narrative with 
anecdotes about Herbert Hoover, Adolf 
Hitler, Nikola Tesla, James Van Allen, 
Winston Churchill, and General George 
Patton. (Not to mention Robert Watson-
Watt, head of the radio department of 
Britain’s National Physical Library, and 
economist Milton Friedman, future 
Nobel prize winner who analyzed the per-
formance of early radars used to navigate 
and guide anti-aircraft gun shells.)

Germany’s V-2 cruise missile and its 
inertial sensor assembly guidance system 
only marginally affected the outcome 
of World War II. Nevertheless, the 
Peenemunde group’s achievement drew 

the attention of the United States, the 
Soviet Union, Britain, and France: despite 
daunting technical challenges, inertial 
navigation’s autonomy and invulnerability 
benefited military applications. Bray pays 
tributes to the major historical figures of 
its development, including Jean Foucault, 
Johann von Bohnenberger, Hermann 
Anschütz-Kämpfe, Elmer Sperry, Max 
Schuler, Johann Boykow, Wehrner Von 
Braun, and Charles Stark Draper. 

While inertial navigation was good 
enough for many military applications, 
scientists looked for more precision and 
smaller size, weight, and cost. 

Their hopes were answered by the 
Soviet Union’s amazing 1957 accomplish-
ment and an American scientist’s leap of 
intellect the same year. Sputnik, the first 
artificial satellite, launched on October 
4, 1957. Frank McClure, director of 
research at the Johns Hopkins Applied 
Physics Laboratory, reasoned that, by po-
sition of Sputnik by recording its Doppler 
shift of the radio frequency signal at some 
known position on earth should reverse 

the problem and determine a platform’s 
position on earth given knowledge of the 
satellite’s position. 

TRANSIT, often referred to as the 
Navy Navigation Satellite System, was 
part of the U.S. response to the Soviet 
achievement. It became operational on 
Polaris strategic submarines in 1964 and 
was commercialized in 1968. TRANSIT 
was a prime example of what the United 
States could and did accomplish in a sci-
entific arena when stimulated by a politi-
cal and public environment that provided 
unconditional support.

GPS
Fittingly, Bray pays considerable homage 
to the engineers and scientists responsible 
for the development of GPS. Rather than 
the technical details of GPS develop-
ment, the author emphasizes its impact 
both on early military applications but 
also, most importantly, for the billions 
who now have the ability to pinpoint 
their location anytime and anywhere. 

On the debate over who deserves the 
most credit for GPS, Brad Parkinson and 
the Air Force or Roger Easton and the 
Navy Research Laboratory team, Bray 
diplomatically writes that both made 
crucial contributions: “Easton certainly 
was the first to put atomic clocks into 
space. And Parkinson’s adept leadership 
of the project overcame rivalry and in-
fighting between the armed services, as 
well as an apathetic Congress that came 
close to canceling the entire project. 
Between them, Easton and Parkinson had 
developed a technology that would make 
navigators of us all.” 

Almost half the book — or about 3.9 
megabits, scaling at 193 kilobits per year 
— are devoted to the last 20 years. By 
this time, GPS had achieved Full Opera-
tional Capability and advanced civil users 
were achieving decimeter level accuracies. 

GPS on its own gives only latitude, 
longitude and height above a math-
ematical ellipsoid and only under good 
radio reception conditions; these are 
hardly quantities or circumstances that 
would stimulate an information revolu-

FROM THE ION HISTORIAN

Hiawatha Bray, author of You Are Here, 
is a technology reporter for the Boston 
Globe and contributor to Wired, Fast 
Company and other publications.
Publicity photo by Ed Medina.
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tion affecting hundreds of millions of 
people. The author proceeds to unveil 
the offshoots of what the knowledge of 
precise position imparts. This segment 
of the book, given its currency, is more 
like a thread of newspaper and magazine 
articles, rather than a history. 

The last four chapters emphasize the 
dotcom companies more than any par-
ticular individuals. Stories abound about 
companies that have achieved iconic 
status during this period like Skyhook, 

Apple, Google, Broadcom, Amazon, 
Facebook, and Foursquare. Bray updates 
this with stories and prognostications 
about companies developing sophisti-
cated indoor, geofencing and cooperative 
navigation systems, all of which will tend 
to exacerbate privacy issues.

You Are Here is populated with anec-
dotes that every navigation historian will 
appreciate. For example, Bray tells how 
an Irishman named John Joseph Murphy 
hinted at an inertial navigator in an 1873 
letter. 

He thought it might be possible for 
humans to navigate while in a railway 
carriage by watching the motion of a 
ball feely suspended from the roof of the 
carriage. “When the carriage is set in mo-
tion,” Murphy said, “the magnitude and 
direction of the shock thus given to the 
ball will depend on the magnitude and 
direction of the force with which the car-
riage begins to move. Every motion of the 
train would disturb the hanging ball in a 
particular way, depending on the direc-
tion of movement, and the acceleration of 
the carriage. Given a clock and accumu-
lating registers, it should be possible to 
calculate the exact position of the railway 
carriage at any point in its journey, with 
no need for external guidance. 

According to Bray’s research there were 
at least five patents that were filed in 
various countries in the early twentieth 
century that addressed self-contained 
navigation using accelerometer like 
devices.

The book leaves the reader with a few 
stimulating quandaries: As it becomes 
easier to find ourselves, does it inevitably 
make it easier for others to find us? If 
information will double every two years, 
then do we need only to study the history 
of the last 25 years and thus know 99 
percent of the facts? Now that we know 
where we are, do we really want to be 
there?

Bray concludes with his own ominous 
forecast: “For most of human history, it 
has been relatively easy to get lost; keep-
ing track of people and their movements 
was the great challenge, and solving it has 
been the work of millennia. Over the past 
century we have finally reached the goal, 
but our success has come at a price. 

Maps of the world used to feature 
mountains, oceans, and skyscrapers. With 
today’s maps the primary geographic fea-
ture is us-the exact locations of billions of 
humans, their every move recorded and 
viewed by far too many eyes. 

Smarter technologies and better laws 
may protect us from the worst excesses 
of police spies and corporate marketers. 
But never again will we be shielded by 
ignorance. They know where to find us, 
and they always will.” ION

Many previous Historian Articles in 
the ION Newsletter address Bray’s 
material. See “Navigation and 
Sociology”, Winter 2000-2001, “The 
Lost Art of Getting Lost”, Summer 
2008, “Should We Study Navigation 
History?”, Winter 2001-2002 and 
“Something for Posterity”, Fall 2005.

Fittingly, Bray pays 
considerable homage to 
the engineers and scientists 
responsible for the 
development of GPS.

Be a part of the 
Fifth Annual 

ION  
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NAVIGATION MAY BE THE EASY PART

Driverless Cars: From Back 
Roads to Main Street

The road to a future of driverless cars 
just got a lot more crowded.

While much of the buzz in recent 
years about handsfree navigation of land 
vehicles has revolved around Google’s 
experimental cars on California highways 
and DARPA’s off-road Grand Challenge, 
traditional automakers have joined the 
increasingly heavy traffic en route to more 
automated and even autonomous driving 
systems appearing on U.S. highways.

General Motors recently announced 
that its 2017 Cadillac will be the compa-
ny’s first car to offer advanced automated 
driving on highways, while Mercedes-
Benz, Acura and Subaru have started to 
put self-piloting functions into vehicles 
already on the U.S. market.

During a keynote address September 7 
at the Intelligent Transport System (ITS) 
World Congress in Detroit, General Mo-
tors CEO Mary Barra said that Cadillac 
will begin offering advanced “intelligent 
and connected” vehicle technologies on 
certain 2017 model year vehicles.

Daimler AG, the German manufac-

turer of Mercedes-Benz cars, and Audi 
have obtained some of the first permits 
to allow self-driving tests on California 
highways. Michigan, Florida, and Nevada 
also have established permit systems to 
allow similar activities. BMW introduced 
a driverless vehicle — based on a BMW 
2 Series Coupe — at the Consumer 
Electronics Show in January and has been 
testing the technology on thousands of 
miles of roads across Germany and other 
parts of Europe. 

“Almost every car company is working 
on automated vehicles,” says Sven Beiker, 
the executive director of the Center 
for Automotive Research at Stanford 
University.

By 2025, as many as 230,000 new 
autonomous vehicles a year could hit the 
roads around the world, according to a 
study released by IHS Automotive. That 
number could swell to 11.8 million a 
decade later, the study said.

“Machines are already better than we 
are at sensing what’s going on around 
us,” Thio Koslowski, automotive practice 

leader for the Gartner research firm, told 
the Los Angeles Times recently. “Any 
flavor of a self-driving car will allow for a 
safer driver experience.”

Of course, the cars do not actually 
operate without drivers on board, it’s just 
that automated systems and sensors are 
increasingly in the catbird seat. The push 
toward fully automated, driverless capa-
bility in vehicles builds on progress across 
a range of fields.

“Active safety technologies available 
on GM cars and trucks today, such as 
adaptive cruise control, side blind zone 
warning and automatic park assist, form 
the building blocks for full autonomous 
driving capability,” General Motors says.

An Old Idea
The idea of self-driving vehicles has long 
fired the popular imagination. In 1925, 
Houdina Radio Control demonstrated 
the company’s radio-controlled “linrri-
can Wonder” on New York City streets, 
guiding the driverless car up Broadway 
and down Fifth Avenue through thick 
traffic. A 1926 Chandler equipped with 
a transmitting antenna, the Linrrican 
Wonder was controlled by a second car 
that followed and guided it via radio 
transmission. 

Driverless cars’ appearance on televi-
sion goes back at least as far as KITT, the 
autonomous (and sentient) Pontiac Trans 
Am in the 1982 series Knight Rider. 
(Although the 1960s era cartoon, The Jet-
sons, featured flying cars, father George 
was usually pictured in with his hands on 
a joystick-like controller.)

In parallel with the in-vehicle develop-
ments are vehicle-to-vehicle (V2V) and 
vehicle-to-infrastructure (V2I) programs 
that are part of the U.S. Department 
of Transportation (DoT) Connected 
Vehicles initiative. V2V and V2I enable 
the sending and receiving of information 
such as location, speed, and direction of 
travel between vehicles that are approach-
ing each other, and alerts to roadway 
hazards or changing traffic signals.

In about two years, an all-new 2017 
Cadillac vehicle will offer customers 

The interior of a 
Google driverless car. 
Wikimedia Commons photo by 
Steve Jurvetson

DRIVERLESS VEHICLES



Fall  2014  17  ION  Newsletter

an advanced driver assistance system 
(ADAS) called Super Cruise and in the 
same timeframe the 2017 Cadillac CTS 
will be enabled with V2V communica-
tion technology.

General Motors expect numerous 
semi-autonomous vehicles to be avail-
able to customers before the end of this 
decade and to have the technology for 
fully autonomous vehicles capable of 
navigating the roadways ready during the 
next decade.

“A tide of innovation has invigorated 
the global auto industry, and we are tak-
ing these giant leaps forward to remain 
a leader of new technology,” Barra said. 
“We are not doing this for the sake of the 
technology itself. We’re doing it because 
it’s what customers around the world 
want. Through technology and innova-
tion, we will make driving safer.”

Super Cruise, the working name for 
GM’s automated driving technology, will 
offer customers a driving experience that 
includes hands-off lane following, brak-
ing, and speed control in certain highway 
driving conditions. The system is de-
signed to increase the comfort of a driver 
on freeways, both in bumper-to-bumper 
traffic and on long road trips.

Driverless functionality is not limited 
to highway operation or to luxury mod-
els. For example, the SS Sedan is the first 
Chevrolet to offer a standard Automatic 

Parking Assist, which uses sensors on 
the front and rear bumpers to detect the 
width and depth of parallel and reverse 
right-angle parking spaces to provide 
hands-free parking help.

According to the company, the parking 
assist system can detect obstacles, gauge 
the size of a parking space, assess dis-
tance to the curb and calculate optimum 
steering angles for each parking space. 
The driver, following instructions on the 
Driver Information Center, controls the 
accelerator and brake while the Auto-

matic Parking Assist controls the steer-
ing. Signals sent from the sensors in the 
bumpers to the electric power steering 
rack allow the vehicle to steer itself into 
the space.

The Easy Part?
Although such environmental factors 
as urban canyons and tree canopies can 
complicate GNSS inputs, automated 
navigation — which typically combine 
GNSS with inertial technology for such 
functions as guidance and lane-keeping 

Survey on Self-Driving Vehicles:  
Despite Expected Benefits, Concerns Remain

Although more than half of Americans have favorable opinions about self-driving 
vehicles, most believe that humans are still better drivers than automated tech-

nology, say University of Michigan researchers.
The same goes for those in Australia and the United Kingdom, although residents 

there are less concerned than U.S. citizens about safety, security, and privacy issues 
associated with autonomous vehicles.

Brandon Schoettle and Michael Sivak of the University of Michigan Transporta-
tion Research Institute surveyed more than 1,500 American, Australian and British 
residents about their views regarding limited and completely self-driving vehicles.

They found that roughly 57 percent of respondents from all three countries have 
positive opinions about automated technology in vehicles (compared to about 14 
percent with negative views), and most respondents have high expectations about its 
benefits. More than 70 percent believe that self-driving vehicles will result in fewer 
crashes, reduced severity of crashes, and better fuel economy.

Nonetheless, nearly three-fourths of Americans and two-thirds of Australians and 
British are moderately or very concerned about self-driving vehicle performance 
compared to human drivers. More than three-fourths of all respondents are very or 
moderately concerned about the safety consequences of equipment or system failure 
and about fully autonomous vehicles getting confused by unexpected situations.

In addition, roughly two-thirds are very or moderately concerned about system 
and vehicle security (from hackers), data privacy (location and destination tracking), 
system performance in poor weather, and interacting with other vehicles, pedestrians, 
and bicyclists.

Despite high levels of concern with self-driving technology, about two-thirds of 
the survey respondents say they are at least slightly, if not very, interested in owning 
and/or driving autonomous vehicles. Although a majority are not willing to pay extra 
for the technology, a quarter of Americans said they would pay at least $2,000 extra, 
while a quarter of Australians and British would pay at least $2,350 and $1,710, 
respectively.

“Motorists and the general public in all three countries surveyed, while expressing 
high levels of concern about riding in vehicles equipped with this technology, feel 
positive about self-driving vehicles, have optimistic expectations of the benefits and 
generally desire self-driving vehicle technology when it becomes available,” Schoettle 
said.

DRIVERLESS VEHICLES

General Motors CEO Mary Barra 
addresses the Intelligent Transport 
Systems World Congress Sunday, 
September 7, 2014 in Detroit, Michigan. 
Barra announced Cadillac will offer 
advanced “intelligent and connected” 
vehicle technologies on certain 2017 
model year vehicles including a driver 
assist technology called Super Cruise, 
and also vehicle-to-vehicle (V2V) 
communication technology. 
Photo by Steve Fecht for General Motors
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— may actually represent one of the 
lesser obstacles to the arrival of driverless 
cars on public highways. 

GPS-aided navigation has been around 
at least since the launch of GM’s OnStar 
service in 1995, and most smartphones 
now offer navigation apps that rival 
factory-installed systems.

Much like the issues that are driv-
ing the Federal Aviation Administra-
tion’s “sense and avoid” requirement for 
manned and unmanned aircraft, detect-
ing and operating through unexpected 
situations poses greater challenges for 
widespread implementation of driverless 
cars on public roadways.

In Ann Arbor, the University of Michi-
gan Mobility Transformation Center is 
setting up a $6.5-million simulated envi-
ronment of city streets with funding from 
the Michigan Department of Transporta-
tion and 13 companies involved with de-

veloping automated driving technology. 
Scheduled to open next spring, the 30-

acre test environment — complete with 
house facades, street lights, and fake park-
ing meters — will include four miles of 
roads with 13 complex intersections, con-

fusing lane markings, and construction 
crews. Mechanical pedestrians will even 
leap into the road from between parked 
cars so that researchers can see how 
onboard safety systems respond. These 
and other factors will enable operators at 
the test facility to gauge the aptitude of 
the latest automotive sensors and driving 
algorithms of autonomous vehicles.

“Autonomous vehicles are the future 
of transportation,” said California DMV 
Director Jean Shiomoto in announcing 
the state’s new permit system for driver-
less cars. “Testing on public roads is one 
step to developing this technology.”

Other companies are currently ap-
plying for autonomous vehicle-testing 
permits of their own. Requirements to get 
the permits include that test drivers must 
be able to take control of vehicles at any 
time.

“Audi is a driving force behind the 
research taking automated driving from 
science fiction to pre-production readi-
ness,” said Scott Keogh, president of Audi 
America, in a press release. “Obtaining 
the first permit issued by the state of Cali-
fornia shows that we intend to remain the 
leader in this vital technology frontier.”

Despite the rapid technical advances 
that support autonomous vehicles, the 

“One day we’ll think it 
was lunacy we ever let a 
human behind the wheel.”

Marc Andressen
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SS Sedan, the first Chevrolet to offer Automatic Parking Assist. 
GM photo

public’s willingness to surrender control 
over their cars may lag behind.

“How comfortable would you feel if 
you had to take you hands off the wheel 
right now? Not very,” GM’s Barra says. “It 
is step by step process to get the consumer 
comfortable with that and understand it.”

Such ambivalence was reflected in a 
survey of conducted by the University of 
Michigan Transportation Research Insti-
tute, described in the sidebar, “Survey on 
Self-Driving Vehicles: Despite Expected 
Benefits, Concerns Remain.”

Yet most observers believe the trend is 
irreversible.

“In 10 years it will be quite common, 
and one day we’ll think it was lunacy 
we ever let a human behind the wheel,” 
Silicon Valley venture capitalist Marc 
Andreessen said in a recent Fortune cover 
story. ION
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Chinook Salmon leave their freshwater home for the first time, 
knowing their way to the sea. After two to four years in the ocean, 
they return without asking for directions. 
Wikipedia images

CORVALLIS, OREGON

GENETIC MAPS

Lots of animals use the Earth’s magnetic field 
and the lessons of older individuals to find 

their way around — we all know that part of the 
story. But it turns out Chinook salmon also get 
their wayfinding smarts from mom and dad, no 
teaching required.

This year, researchers at Oregon State University 
found that these Pacific Northwest natives find 
their way to ancestral feeding fields through an 
inherited sense of direction.

Juvenile hatchery fish presented with a magnetic 
field like that in the far northern part of their 
range tended to swim south, and vice versa. And 
fish that were already in the middle of their native 
range just swam randomly about.

“The fish are programmed to know what to 
do before they ever reach the ocean,” researcher 
Nathan Putman said after the end of the study, 
“What is really surprising is that these fish were 
only exposed to the magnetic field we created for 
about eight minutes, and the field was not even 
strong enough to deflect a compass needle.”
MORE: <http://oregonstate.edu/ua/ncs/ar-
chives/2014/feb/study-confirms-link-between-salm-
on-migration-and-magnetic-field>

PRAGUE

KEEPING IT TOGETHER

It’s Europe’s turn to host the annual meeting of the world’s 
global navigation satellite system providers–the ninth 

meeting of the International Committee on GNSS (ICG). 
That the ICG has almost achieved double digits is quite an 
achievement. Since 2007, the group has survived politi-
cal disagreements, resounding successes, and unexpected 
failures and kept on ticking. 

The meeting takes place in Prague on November 10–14 
at the European GNSS Agency (GSA) headquarters. The 
agenda includes updates on all of the GNSSs, system 
enhancements, and invited industry reports. If you’d like 
an invitation to observe or participate, contact Sharafat 
Gadimova at the UNOOSA offices in Vienna. 
MORE: <http://www.icg9prague.eu/en/agenda>

Back streets of Prague’s old city center. The International 
Committee on GNSS will meet there in November. 
Prague City tourism photo



Fall  2014  21  ION  Newsletter

NIPPUR

CITY PLANNERS . . . 1400 BCE

Nippur was one of the first cities where you needed 
a map to get around. Unbelievably ancient, it 

was already 3,000 years old when this sketch on clay 
— the first town plan drawn to scale — was  made on 
the “hill of scribes” in the old city. 

The map was drawn around 1400 or 1500 BCE, 
when a new group of rulers was taking over from the 
old Babylonians. It shows a sacred section of the town, 
a kind of Vatican City of the Mesopotamians. The map 
indicates the main temple to the most important god, 
Enlil; a harbor and canals off the Euphrates River; a 
city wall with seven gates; gardens; buildings and enclo-
sures. Everything is named, and some of the structures 
are measured in 12-cubit units (about 20 feet).

When cartographers analyzed the clay fragment 
about 60 years after it was found in 1899, they used 
modern surveys of the city ruins and decided that the 
map had been drawn to scale.

What was it for? Some scholars say it was a public 
works plan. The new rulers were in the process of 
rebuilding and preserving the monuments to the city’s 
glorious past.
MORE: <http://cartographic-images.net/Cartographic_
Images/101_Mesopotamian_City_Plan,_Nippur>

SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS    SMS

WASHINGTON, D.C.

PRIVACY AND THE 90 PERCENT

Ah, the temptations of digital storage and time and 
location information! 

From well-targeted ads to emergency rescue to sharing 
photos to finding like-minded pals in a pinch, it’s easy 
to stop worrying about privacy. But the U.S. Supreme 
Court is on the case as GPS and related technologies 
outpace the Fourth Amendment. 

This summer, they ruled cell phones off limits to 
law enforcement without a warrant. Why? “Before cell 
phones, a search of a person was limited by physical 
realities . . . But cell phones can store millions of pages of 
text, thousands of pictures or hundreds of videos . . . and 
can date back for years . . . A decade ago officers might 
have occasionally stumbled across a highly personal item 
. . . but today, many of the more than 90% of American 
adults who own cell phones keep . . . a digital record of 
nearly every aspect of their lives.”
MORE: <http://www.supremecourt.
govopinions/13pdf/13-132_8l9c.pdf>

Ruins of E-kur temple to the god Enlil 
in ancient Nippur (Naffur, Iraq) and the 
3,500-year-old clay map that may be the 
first town plan drawn to scale. 
2009 U.S. Army photo by Pfc. Jasmine N. Walthall and 
maps online.
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GNSS Program Updates

News from systems around the world
GPS

The U.S. GPS program seems to be 
heading in opposite directions. The 

2014 launch manifest has marked one 
of the busiest seasons for the program 
— three Block IIF satellites placed into 
orbit so far and another scheduled for 
October 29 as this newsletter went to 
press.

The Air Force has three more satellites 
in storage, Col. Matthew Smithham, 
deputy director of the GPS Director-
ate, told a panel discussion audience at 
ION GNSS+ 2014. The program is also 
poised to set another IIF satellite healthy 
— giving the program 39 satellites on 

orbit of which 31 would be transmitting 
operational signals at any given time.

The work on the new ground system 
— called the Next Generation Opera-
tional Control System, or OCX — is go-
ing less smoothly. The program has been 
delayed another two years and will not 
deliver Block 1 until 2018 — about two 
years after the first of the new GPS Block 
III satellites is supposed to be available for 
launch — with Block 2 to follow shortly 
after in 2019, Smithham said.

OCX needs to be completed before civil 
and military users can exploit the full func-
tionality of Block III spacecraft. A restruc-
turing of the OCX contract with Raytheon 

recasts the remaining work to fit within the 
Air Force’s strained financial profile.

Harold W. “Stormy” Martin III has 
been named the new director of the 
National Coordination Office (NCO) for 
Space-Based Positioning, Navigation, and 
Timing (PNT), the focal point for federal 
agencies working out GPS policy issues.

Meanwhile, a U.S. Department of 
Transportation “GPS Adjacent Band 
Compatibility (ABC) Assessment Plan” 
that would establish limits on the power 
of transmissions from bands adjacent to 
GPS and other GNSS services received 
its first public hearing at a September 18 
meeting in Cambridge, Massachusetts.

THE INSTITUTE OF NAVIGATION

  2015 PACIFIC PNT
Mark Your Calendar!

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

APRIL 20-23, 2015

www.ion.org/pnt

Waikiki Beach Marriott Resort  
Honolulu, Hawaii

Join policy and technical leaders from Japan, Singapore, China, South Korea, Australia,  
USA and more for policy updates, program status and technical exchange
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Galileo

European officials told an ION 
GNSS+ 2014 audience that the 

European Space Agency (ESA) would 
attempt to save two Galileo satellites 
placed into the wrong orbits August 22 
during a launch mishap.

By the end of the month, the Euro-
pean GNSS program has recovered and 
stabilized its first two full operational 
capability (FOC) satellites and suggested 
that launches could begin again sooner 
than expected.

On September 27–28, the European 
Space Agency’s Space Operations Center 
(ESOC) in Darmstadt, Germany, handed 
over the now fully functioning Galileo 
spacecraft to the Galileo Control Center 
(GCC) in Oberpfaffenhofen, Germany. 
GCC operators will care for them pend-
ing a final decision on their use, as prepa-
rations get under way for the next round 
of launches.

The spacecraft, the fifth and sixth of 
the Galileo satellites to be launched were 
placed into a highly elliptical orbit and an 
incorrect plane more than 3,000 kilome-
ters off target. 

At the GNSS program updates panel 
in Tampa, Marco Falcone, ESA’s Galileo 
system manager said his team has been 
working intensely to determine if the sat-
ellites, which are otherwise healthy, could 
be at least partially recovered. He also 
told attendees at the ION conference that 
the program was investigating problems 
with the fourth Galileo satellite — an in-
orbit validation (IOV) space vehicle that 
developed problems earlier this year. 

The signal on GSAT0104 has been 
unavailable since May 27 and will remain 
so until further notice. Some of the 
signals on the other three IOV satellites 
have been experiencing problems as well; 
so, ESA has “backed off” the power on a 
number of signals the other IOVs as well. 

BeiDou

Qiao Hua Huang, deputy director 
of the China Satellite Navigation 

Office, said China will launch four to 
five new-generation BeiDou satellites in 

2015. These satellites will offer better 
performance, including rubidium clocks, 
new signals, and an improved ability to 
integrate with other GNSS systems. 

One of the new signals will be crafted 
to be compatible with GPS while another 
signal will be compatible with Galileo.

China is also National Differential Bei-
Dou System that is scheduled to begin to 
provide services around 2015. The system 
is designed to provide not only meter/
decimeter-level wide area navigation and 
positioning services but also centimeter-
level real-time regional positioning ser-
vices for China and its neighboring areas.

Huang added that by the end of this 
year he expects China will publish a white 
paper detailing BeiDou development 
concepts and perspectives. 

GLONASS

A second GLONASS-K satellite will 
be launched by the end of this year, 

according to news reports from JSC 
Information Satellite Systems, a Russian 
satellite manufacturing company.

The launch is planned on a Soyuz 2.1b 
rocket from the Plesetsk Cosmodrome in 
northern Russia, according to Yury Vy-
gonsky, deputy general designer for space 
systems development, at the company. In 
addition, three GLONASS-M satellites 
will be launched from the Baikonur space 
center in Kazakhstan in the April–May 
2015 timeframe.

If the launches are successful, three 
more GLONASS-Ms will be launched 
at the end of 2015 using Proton rock-
ets,” Vygonsky said.The first and only 
GLONASS-K launch took place from 
Plesetsk on February 26, 2011.

Meanwhile, China and Russia plan to 
harmonize standards on GLONASS and 
BeiDou, with the idea of “creating a com-
mon navigation space from the Atlantic 
to the Pacific Ocean,” according to a 
statement by the head of the GLONASS 
international projects department. 

The two nations have been fast-
tracking satellite navigation cooperation 
lately. On June 30, they met for their first 
navigation roundtable in Harbin. Out 

of that came a signed agreement and the 
intention to build three ground stations 
each in the other partners’ countries. 

QZSS

Japan is also readying satellites for 
launch in its Quasi-Zenith Satellite 

System (QZSS). The QZSS program 
plans to loft three spacecraft by the end 
of 2017, with full operational capabil-
ity for the four-satellite constellation 
by 2018. Of those, three spacecraft will 
be in a quasi-zenith orbit and one in a 
geostationary orbit. 

Japan is considering expanding the con-
stellation to seven satellites, said Yoshiyuki 
Murai, executive director for QZSS utiliza-
tions at Quasi-Zenith Satellite System 
Services, Inc. The program is also planning 
an augmentation service able to reach a 
10-centimeter level of accuracy. 

One of the applications is precision 
robotic farming — a growing need for 
an industry in which many farmers are 
retiring with no replacements in sight. 
The service will initially be available only 
to Japan and its immediately surround-
ing area, but Murai said Japan desires 
to extend the service to the rest of the 
Asia-Pacific. 

IRNSS

The Indian Space Research Organiza-
tion (ISRO) has released a signal-

in-space interface control document for 
the standard positioning service of the 
Indian Regional Navigation Satellite 
System (IRNSS).

The 70-page document addresses the 
signal modulations, frequency bands, 
received power levels, data structures and 
other details of the IRNSS open signal to 
facilitate research as well as development 
and commercial use of the IRNSS signals 
for navigation-based applications.

The first satellite (IRNSS-1A) was 
launched in July 2013, the second 
(IRNSS-1B) on April 4, 2014, and the 
third on October 16, with a complete 
constellation planned to be in place by 
mid-2015, according to ISRO. ION
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