
The spacecraft took off on board the 
European launcher, VEGA, from the 

Kourou Space Center in French Guiana 
the afternoon of February 11, 2015. As 
planned, it reached an altitude of 413 ki-
lometers, leaving the Earth’s atmosphere. 
A few minutes later, an autopilot system 
guided the vehicle back towards the Earth 
through a safe re-entry trajectory up to 26 
kilometers above the surface. 

At this altitude, the process of releas-
ing a sequence of three parachutes began 
to slow down its descent for a safe return 
approximately one hour and 42 min-

The ION International Technical 
Meeting (ITM) took a break this 

year from its frequent venue on Mission 
Bay in San Diego while expanding the 
scope of its engineering-oriented content 
to embrace a plenary theme of “The Hu-
man Factor: Interpreting and Acting on 
Navigation Data.”

Gathering at the Laguna Cliffs Marri-
ott in Dana Point on California’s south-
ern coast, attendees had their choice of 
nearly 90 papers in 15 sessions, ranging 
from “Emerging GNSS and Moderniza-
tion” through “Alternative Sensors and 
Emerging Navigation Technologies” to 
“Collaborative Sensing and Multisensor 
Fusing.” Timothy Murphy, an engineer 
with The Boeing Company, served as 
ITM general chair, with Dr. Jason Rife, 
Tufts University, as the program chair.

The meeting also provided the occa-
sion for the ION’s Annual Awards and 
announcement of new Fellows (see article 
on pages 14–15) as well as an evening 
program for the colocated Resilient 
PNT Forum II, sponsored by the RNT 
Foundation. 

The forum opened with remarks from 
Dr. Brad Parkinson, chair of the National 
Space-Based PNT Advisory Board, and a 
keynote address on “Space Weather and 
GNSS” by Joe Kunches, formerly a space 
scientist at NOAA’s Space Weather Pre-
diction Center and currently director of 
space weather for Atmospheric & Space 
Technology Research Associates, LLC 
(ASTRA), a space weather research and 
technology development company based 

in Boulder, Colorado. Another highlight 
was an update on South Korea’s eLoran 
program (see “GNSS Updates,” page 22 
for details).

The ITM plenary theme, which was 
echoed in a technical session on “Human-
Centered Navigation,” explored several 
veins of a common experience in work-
place environments, such as information 
overload, adapting to new technologies 
and methods, and replacing human inter-
ventions with automated processes.

Plenary speakers and their topics 
included Dr. Jack Loomis, a research pro-
fessor in the Department of Psychology, 
University of California Santa Barbara, 
discussing “Path Integration in Animals 
and Humans: Experimental Evidence 
from Ethology, Psychology, and Neu-
roscience”; Kimberly Jackson, a human 
systems engineer with C.S. Draper Labo-
ratory, addressing “User-Centered Design 
of Automated Systems to Support Op-
erational Needs”; and Dr. Julie A. Adams, 
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IXV continued on page 6

IntermedIate 
experImental VehIcle

ESA Spacecraft 
Validates GNC 
System During 
Test Flight
The European Space Agency’s 
Intermediate eXperimental 
Vehicle (IXV), an unmanned 
atmospheric re-entry demon-
strator, has successfully 
completed its maiden voyage.
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Better jetpack designs for extravehicular 
activity (EVA) spacesuits illustrated an 
ION ITM plenary presentation on user-
centered design of automated systems. 
NASA photo
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FROM THE 2015-2017 INCOMING PRESIDENT  
DR. DOROTA GREJNER-BRZEZINSKA

It has been a rewarding experience spending 
the last two years working with outgoing 

president, Patricia Doherty, the ION Council, 
members of the Satellite Division Executive 
Committee, and numerous volunteers in many 
ION programs.  

I plan to continue the initiatives begun during Patricia’s 
presidency, will strive to further the success of ION, and will 
continue to evaluate what we need to do to ensure that ION 
remains the premiere organization for positioning, navigation 
and timing professionals. Specifically, my goals for my two-year 
term as president include:

1. Focus on new technologies to be represented in ION 
programs.

2. Look for means whereby ION can engage young profes-
sionals in our organization and nurture them early in their 
careers.

3. Actively seek collaboration with other organizations to 
expand ION’s reach and share our mission with other 
professionals.

I look forward to serving the Institute as president over the 
next two years, and will enjoy working with all the ION’s ca-
pable and dedicated officers and the ION’s professional staff.

FROM THE 2013-2015 OUTGOING PRESIDENT  
PATRICIA DOHERTY

As I reflect on this past year as ION president, I am 
happy to report that things are looking up. ION’s 

membership has rebounded six percent in the past year, 
Thomson Reuters’ indexing of NAVIGATION to the 
Web of Science (beginning with volume 59, issue 1, 
2012) is complete, ION meeting attendance is stable, 
and we are looking forward to dynamic technical pro-
grams in 2015.  

Thank You to Outgoing Officers and  
Welcome to New ION Officers
As I conclude my two-year term of office as your 
president, I would like to thank all of the ION officers, 
our numerous volunteers, and members of the ION 
National Office staff who are the driving force that fos-
ters the ION’s remarkable success. Specifically, I would 
like to thank all of the outgoing Council members, who 
selflessly gave their time and talents over the past two 
years. Similarly, I would like to welcome all the recently 
elected and appointed ION officers, who have willingly 

volunteered to actively contribute during the year ahead 
(see page 19  for this year’s election results). 

The ION Council had an opportunity to meet imme-
diately prior to the start of January’s International Tech-
nical Meeting (ITM) in Dana Point, California. During 
the Council meeting, it was reported that the Executive 
Committee had approved our technical co-sponsorship 

of the Royal Institute of Navigation’s (RIN) 2015 
International Navigation Conference (INC), taking 
place February 24-26, 2015, in Manchester, England. 
The Council has appointed ION Council members 
Dr. Terry Moore and Dr. Dorota Grejner-Brzezinska as 
ION liaisons to RIN for this event. 

At the recent meeting, the Council also reviewed 
the audited financial statements and auditor commu-
nications from fiscal year 2013–14 and approved the 
budget for fiscal year 2015–16. The ION’s bylaws and 
awards policy were updated, and Council members 
continue to review the Technical Committee’s recom-
mendations and proposals to provide the best possible 
means of technical representation on the Council. The 
Council also reviewed the status and activity of its local 
sections and the progress of the SDR Metadata Stan-
dards group, approved 2014 annual award winners, and 
inducted three new Fellows to the Institute.  

Congratulations to Team “Zenith”
I want to congratulate the students from The Univer-
sity of Michigan—Dearborn, who recently won the 
ION Satellite Division’s fifth annual ION Autono-
mous Snowplow Competition, held January 22-25, 
2015, held during the Saint Paul Winter Carnival in 
St. Paul, Minnesota. 

The competition challenged teams to design, build, 
and operate fully autonomous snowplows using state-of-
the-art navigation and control technologies to rapidly, 
accurately, and safely clear a designated path of snow. 

Thank you to Dr. Suneel I. Sheikh, who has been 
the dynamic visionary and leader of the competition 
for the past five years, as well as all of the local North 
Star Section members who provided support and the 
industry sponsors of the event. The fact that the event 
is receiving widespread news coverage is a testimonial to 
the quality of innovation present. See page 16 for more 
information. 

It is with great confidence that, at the conclusion of 
my term of office, I pass the presidential gavel to Dr. 
Dorota Grejner-Brzezinska (The Ohio State University) 
who will serve as ION president for the next two years. 
I am confident that the ION will continue to thrive 
under her expert leadership. I look forward to my con-
tinued involvement with ION for many years to come.

Passing the Gavel
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letter in front of an old system apparently 
constitutes a new idea. In the very first 
issue of the ION’s NAVIGATION journal 
back in 1946, an article titled “The 
Planning, Growth, and Use of Loran, 
the New Long Range Aid to Navigation” 
hailed LORAN-C, as the latest, greatest 
innovation in the field. By 1985, how-
ever, the Navy’s Electronic Navigation 
Policy declared LORAN-C on its way 
the trash heap of history, destined to be 
“phased out after GPS becomes opera-
tional and has been demonstrated as suit-
able for all. . . . The phase-out is planned 
for 1988–1994.” 

Eleven years later, the 1996 Federal 
Radionavigation Plan declared that “use 
of the LORAN-C system appears to be 
leveling off and will most likely decrease 
as GPS fills the market place. The U.S. 
will terminate operation of the LORAN-
C system by December 31, 2000.”

Nearly 15 years later, in 2010, and 
despite strong recommendations to the 
contrary by a panel of experts, LORAN’s 
last U.S. station stopped transmitting. 
But in consonance with the theme of this 
article that nothing should ever die, the 
2014 Coast Guard Authorization Act 
requires the Department of Homeland 
Security (DHS) to stop dismantling 
infrastructure that could be used for a ter-
restrial system when GPS is not available. 
LORAN is back! 

iGPS: This technology is also part 
of the DoD’s APNT initiative, just like 
pseudolites. I believe it is now called 
HIGPS — maybe Apple has copyrighted 
all words beginning with “i.” In any case, 
as I understand it, iGPS (or HIGPS) 
consists of about 66 Iridium satellites in 
low Earth orbit (LEO). 

These, along with several other LEO 
satellite systems, were launched by com-
mercial companies in the early 1990s. 
At the time, the goal was to connect 
everyone to the Internet, and parts of the 
world were too remote, poor, strife-rid-
den, or lacking in infrastructure for mass 
cell tower installation. 

Turns out the market wasn’t ready to 
pay for the satellite service. 

However, the Defense Department 
couldn’t let a good idea, or a good compa-
ny, die and decided to fund the commer-
cial companies to support APNT. These 
LEO satellites can be used to aid GPS 
acquisition and as an independent posi-
tion source using Doppler measurements. 
I seem to recall that TRANSIT, the 
original U.S. satellite navigation system 
from the 1960s, also used Doppler mea-
surements from satellites circling about 
500 miles above the earth. So, another 
navigation concept gets recycled. As Perry 
Como sang in 1957, the year Sputnik was 
launched: “Round and Round We Go.”

Celestial Navigation: The granddad-
dy of navigation techniques almost died 

in 1998 during the initial euphoria about 
GPS and the termination of courses on 
the subject at the Naval Academy. Celes-
tial navigation has had a remarkable re-
surgence in the research and development 
community where it has also benefitted 
from a new three-letter acronym (like all 
important activities), ACN (Automated 
Celestial Navigation). 

Of course, ACN is not your great-
great-grandfather’s celestial navigation: it 
incorporates data from artificial satellites, 
angle-to-angle techniques that do not 
require a vertical reference or sighting the 
horizon, and many potential new imaging 
technologies. Meanwhile, I still intend to 
hold on to my analemma, sextant, slide 
rule, plotting table, and Hydrographic 
Office pubs. 

STOIC: Spatial Temporal and Orien-
tation Information In Contested Envi-
ronments wins the award for the most 
inventive new acronym. It proposes a 
radio positioning system that uses very 
low frequency (VLF) signals from ter-
restrial transmitters spaced at least 10,000 
kilometers apart. 

Readers may remember OMEGA 
(1968-97). It also used VLF radio signals 
from eight transmitting stations around 
the world that provided positioning 
accuracies of one to two nautical miles 
(circular error probable or CEP). STOIC 
promises two orders of magnitude ac-
curacy improvement over OMEGA using 

enhanced receivers, differ-
ential temporal and spatial 
techniques, and improved 
acronyms, uh . . . algorithms.  

All-Accelerometer 
Inertial Navigation: Over 
the last forty years, dozens of 
researchers have investigated 
the all-accelerometer — that 
is, no gyroscopes — inertial 
measurement unit (IMU). 

Everybody seems to agree 
that this is an interesting 
idea, but nobody can figure 
out why one should do it. 

Iridium Satellite in the National Air and Space Museum, 
Washington, D.C.  Photo from Wikimedia Commons

It seems that our navigation community loves ideas 
that come back from the dead. That’s not unlike the 

rest of the world whose love of retro iconic products 
such as the Volkswagen Beetle, Sony Walkman, 
Converse All Star sneakers, and audio record play-
ers doesn’t seem to fade. Still, we don’t seem to trust 
things that don’t die. Consider the following famous 
quotations, which I suppose I am also bringing back 
from the dead:
 “The difficulty lies not so much in developing 

new ideas as in escaping from the old ones.” – John 

Maynard Keynes, 20th century economist

 “I can’t understand why people are frightened of 
new ideas. I’m frightened of the old ones.” – John 

Cage, American avant garde composer

 “A man may die, nations may rise and fall, but 
an idea lives on. Ideas have endurance without 
death.” – John F. Kennedy, 35th U.S. president

Perhaps when it comes to navigation — an art 
form from ages past that probably stemmed from 
orientation to landmarks and celestial objects — 
there are really no new ideas. After all, position fixing 
boils down to making measurements, determining 
the corresponding lines/loci of position, and then 
finding the intersection of the lines of position. And 
dead-reckoning navigation essentially involves es-
tablishing initial conditions, making velocity and/or 
acceleration measurements, and performing numeri-
cal integration. 

So, I’m going to spend some time going 
back into history in an effort to prove that 
those who came before had some pretty good 
ideas, after all — some ideas as good as the 
shiny new ones.  

In the late 1960s, all kinds of navigation 
and positioning concepts and resources were 
on the drawing table or already in opera-

tion, including DECCA, Raydist, LORAC, DME, 
TACAN, VOR, TRANSIT, LORAN-C, OMEGA, 
TIMATION, 621-B, and geophysical navigation. 

Let’s also remember that when GPS was proposed, 
its main selling point was neither its three dimen-
sional accuracy, availability, integrity, continuity, 
nor its ubiquity, but rather its promise of saving the 
government money (also not a new idea) by reducing 
the number of other (arguably redundant) navigation 

systems. At that time, no military programs (and, of 
course, no civil applications) were willing to stand 
up and say they had a mission critical need for GPS, 
because that might have obligated that program to 
foot the bill for its development.

So, let’s poke some fun at a few of our commu-
nity’s “new” ideas:

Pseudolites: As part of the Assured Position 
Navigation Time (APNT) initiative from the De-
fense Department (DoD), pseudolites are a potential 

augmentation. Of course, to accentuate its novelty, 
let’s give it an acronym: EAS for External Augmen-
tation System). But rather than being completely 
new, pseudolites are actually like the ground-based 
or near-Earth transmitters of legacy radio navigation 
systems that GPS was originally going to replace. 
In fact, pseudolites were originally used in 1977 for 
inverted range testing in Yuma, Arizona, well before 
any GPS satellites were in orbit. They turn out to 
be navigation’s version of “ontogeny recapitulates 
phylogeny.”

Enhanced LORAN (eLORAN): In the same way 
iPhone helped give new life to Apple, placing a little 

FrOm the IOn hIstOrIan, marVIn may

Navigation 
products that just 
won’t go away or 
products that keep 
coming back

IOn hIstOrIan

Can eLORAN thaw out the old LORAN-C 
system put in the deep freeze in 2010?

Galileo Test and Development Environment, or 
GATE, pseudolite on Grünstein mountain in the 
Berchtesgaden Alps. 
Wikimedia Commons photo

HISTORIAN continued on page 6
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utes later. A system of flotation devices 
enabled a full recovery of the vehicle by a 
ship dispatched to the IXV splash-down 
site in the Pacific Ocean.

This significant milestone for the 
European Space Agency (ESA) demon-
strated re-entry technology — of vital 
importance on manned and unmanned 
missions that require a safe return to 
Earth — for a hypersonic vehicle with a 
pure lifting body. The autonomous IXV 
mission followed a trajectory that was 
fully representative of any return mis-
sion from a low Earth orbit, for example 
a return from the International Space 
Station (ISS), involving speeds of over 
26,700 km/h. 

Modern technologies for hypersonic 
and supersonic flight were tested in real 
conditions during the voyage, such as 
technology for aerothermodynamics, 
thermal protection systems, and guid-
ance, navigation and control (GNC) 
systems. Among these, the GNC system 
was of particular significance as perhaps 
the most critical application on the 
mission. 

The IXV’s GNC includes autonomous 
flight control based on aerodynamic actu-
ators (flaps) and assisted by thrusters for 
attitude control. A consortium of Spanish 
companies led by SENER was responsible 
for detailed design, development, integra-
tion and verification of the GNC. 

The GNC in Operation
The GNC for the IXV took into ac-
count some highly demanding technical 
requirements that were specific to this 

re-entry mission: the IXV vehicle is a 
pure lifting body, that is, an spacecraft 
in which the body itself — rather than 
wings — produces lift.

In order to pilot such a mission, the 
vehicle incorporated a set of sensors and 
actuators comprised of four thrusters with 
each producing 400 Newtons (the force 
needed to accelerate one kilogram of 
mass at the rate of one meter per second 
squared), two aerodynamic flaps, located 
at the base of the vehicle, an inertial mea-
surement unit (IMU) with gyroscopes 
and accelerometers, a GPS receiver, and a 
descent and recovery system (DRS) made 
up of parachutes and flotation and loca-
tion devices.

The flight management system sched-
uled operation of the internal GNC func-
tions based on pre-programmed flight 
phases and the calculations of various 
parameters provided by the navigation 
function: IMU acceleration and attitude 
measurements, GPS position and speed, 
and an algorithm that improves the 
altitude estimate during the GPS black-
out phase using drag-derived altitude 
pseudo-measurements.

The IXV’s guidance function calculated 
the reference attitude for the vehicle’s 
control to follow a desired trajectory up 
to the point where the parachutes were 
to be released. The flight control system 
used thrusters to correct the vehicle’s atti-
tude around three axes during the orbital 
phase and the yaw during atmospheric 
re-entry. Aerodynamic actuators were 
used to trim and control the vehicle on 
the longitudinal and lateral axes during 
re-entry.

Initial results from the flight, expected 
to be released in March, will feed ESA’s 
Program for Reusable In-Orbit Demon-
strator for Europe, or Pride.

“IXV has opened a new chapter for 
ESA in terms of reentry capabilities and 
reusability,” says ESA Director General 
Jean-Jacques Dordain. “ESA and its 
Member States, together with European 
space industry, are now ready to take up 
new challenges in several fields of space 
transportation, in future launchers, ro-
botic exploration or human spaceflight.”

“This mission will teach us a lot about 
the technologies we need to apply in new 
launch systems, in particular when we 
think about reusable systems,” says Gaele 
Winters, ESA’s director of launchers. ION

IxV

The consensus is that, although theoreti-
cally possible using six or more acceler-
ometers, the whole package — including 
manufacturing and calibration — would 
be prohibitively expensive. 

Recently, a group of researchers justi-
fied their work by claiming that the new 
generation of atomic interferometric 
accelerometers would have such fine 
sensitivity as to make this concept viable. 

So, now we may be able to construct a 
large, expensive all-accelerometer IMU 
with performance equivalent to a small, 
inexpensive tactical-grade microelectro-
mechanical system (MEMS) gyroscope 
IMU. 

And adding further confusion, some 
consider Coriolis MEMS gyroscopes to 
be, effectively, accelerometers because 
they measure a virtual force. So, all-
accelerometer inertial navigation seems to 

be an example of a new idea recycling an 
old idea that never made much sense to 
begin with. ION

Author’s note: Some statements in this ar-
ticle are just meant for humor and certainly 
do not reflect the opinions of Marvin B. May 
or any of his employers, sponsors, colleagues, 
governments, institutions, research units 
or friends (if any remain after reading the 
article).

The IXV Intermediate eXperimental 
Vehicle is installed on its payload adapter 
at Europe’s Spaceport in Kourou, French 
Guiana. 
ESA photo by M. Pedoussaut

IXV continued from page 1

ION HISTORIAN continued from page 5

The 28th International Technical Meeting of the 
Satellite Division of The Institute of Navigation

ION GNSS+ 2015
GNSS + Other Sensors in Today’s Marketplace

September 14 – 18, 2015 
Tutorials: Sept. 14 – 15

Tampa Convention Center / Tampa, Florida

SYSTEMS AND APPLICATION TRACKS
Mass-Market Applications
High Performance & Safety-Critical Applications
System Updates, Plans and Policies

And, featuring the popular Indoor Location and Demonstrations

The world’s largest technical meeting and showcase 
of GNSS technology, products and services.

PEER-REVIEWED TRACKS
Multisensor Navigation and Applications
Algorithms and Methods
Advanced GNSS Technologies
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Dr. Judah Levine of the National Insti-
tute of Standards and Technology (NIST) 
spoke of the upcoming 50th Birthday of the 
Two Sample Allan Variance.  In the 1950s 
as atomic clocks were increasingly used, 
there were limits to the standard statisti-
cal techniques used to model atomic clock 
behavior.  At NIST, Dr. Jim Barnes and 
Mr. David Allan collaborated on efforts to 
model the performance of the time and fre-
quency variations of atomic clocks, result-
ing in the seminal Allan Variance in 1964.  
To commemorate this achievement, the 
IEEE will publish a special issue of solicited 
papers highlighting the impact that the Al-
lan Variance has had on time and frequency 
metrology and other applications.

Carlene Stephens, curator at the Smith-
sonian National Museum of American 
History (NMAH), provided PTTI at-
tendees with an update of the Smithsonian 
Time and Navigation Exhibit located at the 
National Air and Space Museum (NASM), 
which received early support from the ION 
and opened to the public in April 2013.  
The exhibit resulted from a collaboration 
between the NMAH and NASM — the 
first of its kind — and has been well 
received by the public.  Carlene acknowl-
edged the contributions to the exhibit by 
the Jet Propulsion Laboratory, the U.S. 
Naval Research Laboratory, and the U.S. 
Naval Observatory for providing exhibition 
artifacts and timing expertise.

The PTTI 2014 technical sessions were 
held December 2-4 and cover the topics of New Commercial 
Products for PTTI Systems, Time and Frequency Laboratory 
Activities and Updates, Traditional and Alternate Time and 
Frequency Transfer Methods; Precise Network Timing Standards, 
Requirements and Applications; Time Scales, Algorithms and 
Methods; PTTI Systems and Applications, Advanced Clocks, 
GNSS Present and Future, Enhancing Resilience of Timing and 
Critical Infrastructure, and Space PTTI Applications.

A number of U.S. and international time and frequency 
laboratories provided updates on their current and future PTTI 
activities, including new time scale algorithms, individual Co-
ordinated Universal Time (UTC) generation and performance, 
time dissemination, time services, and GNSS applications.

In the area of advanced clocks, progress reports were provided 
on the Deep Space Atomic Clock development, building optical 
clocks for land and space, and development of a miniature cold-
atom frequency standard.

Time and frequency transfer sessions covered traditional time 
transfer techniques such as GPS common view and carrier phase 
time transfer, precise point positioning (PPP) for time transfer, 
and TWSTFT.  With the advancement of clocks used by the 
PTTI community, new time and frequency transfer techniques 
are required to determine improved clock performance, and con-
siderable work is being conducted with high performance fiber 
(optical) time transfer.

Efforts to enhance the resilience of timing and critical infra-
structure are being addressed with a collaborated effort between 
NIST, USNO, and Microsemi to implement Ethernet time 
transfer through a U.S. commercial optical telecommunications 
network.  Work is also being done to determine the effect of dy-
namics of moving platforms on the stability of high performance 
atomic clocks.

Alternative time transfer techniques, other than GNSS, in-
cluded rapid, accurate, and precise time and frequency transfer in 

IOn pttI 2014 In reVIew IOn pttI 2014 In reVIew

The 46th annual Precise Time and Time Interval (PTTI) Sys-
tems and Applications Meeting gathered the world’s precise 

timing experts in Boston, Massachusetts, December 1-4, 2014.  
A commercial exhibit included 15 companies.

PTTI 2014 kicked off on Monday, December 1, with a Tuto-
rials Session organized by Ryan Dupuis (Excelitas Technologies) 
and offered presentations relevant for those new to the time and 
frequency community and as a refresher for timing professionals.  
The tutorials included the following sessions:  Introduction to 
Atomic Clocks, Precision Measurements and Calibration, GPS 
Overview and GNSS, Time & Frequency Transfer and Applica-
tions, and IEEE 1588: Application Specific PTP Profiles.

Angela McKinley of the U.S. Naval Observatory (USNO), 
who served as the PTTI Program Chair, assembled a technical 
program that encompassed the many aspects of PTTI.  Capt. 
Brian Connon, USNO Superintendent and the Department of 
Defense (DoD) PTTI Manager, provided the opening remarks 
on the first day of the meeting, stressing the importance of 
providing secure PTTI, which is an integral part of everyday life.  
Delivery of accurate and secure time to our critical infrastructure 
depends on the quality of available resources, he said, which are 
influenced by the PTTI community creatively solving problems, 
developing products, and fielding solutions to meet daily ap-
plications.  Capt. Connon concluded his remarks by challenging 
the PTTI 2014 attendees to “push the limits of your imagination 
and creativity to provide innovative solutions for secure time 
transfer.”

The conference’s opening session provided an historical 
perspective of PTTI with talks on 50 years of Two Way Satellite 
Time and Frequency Transfer (TWSTFT), the upcoming 50th 
Birthday of the Allan Variance in 2016, and an update on the 
Smithsonian Time and Navigation Exhibit.

Dr. William Klepczynski (USNO, retired) reflected on 50 
years of the TWSTFT, its history, evolution, and people.  Over 
the last 50 years, TWSTFT has continually evolved with new 
developments in technology, utilization of human resources, 
improvements in data collection and analyses, and development 
of calibration systems, all of which lead to improved precision 
and accuracy.  Fifty years ago precise timekeeping capabilities 
were at the 25- to 100-microsecond level.  Today time-keeping 
capabilities have evolved to routinely operate at sub-microsecond 
levels, contemporary clocks are keeping time at the picosecond 
level, and TWSTFT remains one of the primary time transfer 
techniques.

PTTI 2014  
Time Out for Precise Time
Francine Vannicola

2014 PTTI 
Distinguished 
Service Award 
Presented to  
Dr. Wlodzimierz 
Lewandowski
Citation: For the 
development and support 
to new and refined time 
transfer techniques and 
for his contribution to civil 
applications of navigation 
systems.

Dr. Wlodzimierz  
Lewandowski has  

been employed for 28 years 
at the International Office 
of Weights and Measures 
(BIPM), where as a principal physicist in the Time Section where he has taken part 
in the evaluation and diffusion of the international time scale UTC. He is engaged 
in research on global navigation satellite systems (GNSS) time transfer, two-way 
time transfer, and time scale algorithms.

Dr. Lewandowski is secretary of the Consultative Committee on Time end Fre-
quency (CCTF) Working Groups on Two-Way and GNSS time transfer standards, 
and serves as a European Commission expert for Galileo. He is a member of the 
Scientific Committee of Polish Space Research Centre (SRC) and of the Institute of 
Navigation (ION). Since 1988 he has been a member of the Civil GPS Service Inter-
face Committee (CGSIC), where he chairs the Timing Subcommittee.

Dr. Lewandowski holds a M.S. in geodetic science from the Warsaw Polytechnic 
and a Ph.D. degree in space geodesy science from the French Geographical Institute.

Dr. Wlodzimierz Lewandowski (at left) receives the PTTI 
Distinguished Service Award from PTTI Board member 
Leo Mallette
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aFrIcan Outreach

a hand-held radio, frequency and time synchronization 
of a wireless sensor network employing signals of op-
portunity, and implementing a wide area high accuracy 
UTC service via enhanced Loran (eLoran).

Because precise network timing has grown consider-
ably, two sessions were dedicated to the Network Time 
Protocol (NTP) and the IEEE 1588: Precise Time Proto-
col (PTP).   The NTP presentations included monitor-
ing and uncertainty estimations in nationwide networks, 
developing low-cost NTP Stratum 1 Servers with Linux 
PTP and GPS, time transfer with nanosecond accuracy 
using Ethernet, and an international comparison of 
NTP servers.  The PTP presentations provided a look 
at the evolution of IEEE 1588 and its effect on cyber-
physical systems.

Francine Vannicola, U.S. Naval Research Laboratory, 
served as the general chair for the 2014 PTTI Meet-
ing. The 47th annual PTTI Systems and Applications 
Meeting will be held at the Hyatt Regency, Monterey, 
California, January 25 - 28, 2016, co-located with the 
2016 ION International Technical Meeting. ION

IOn pttI 2014 In reVIew

The Institute of Navigation once again 
supported an African Outreach 

Program that was held in Kigali, Rwanda, 
in summer of 2014, continuing a series 
of nearly annual workshops that began in 
2009. 

The program brings together GNSS 
and space science experts from around 
the world to introduce global navigation 
satellite systems and many of their appli-
cations for societal benefits and scientific 
exploration. Since the beginning, ION 
has generously cosponsored this program 
by covering the travel expenses of ION 
members teaching at the workshop.

The most recent workshop took place 
at the University of Rwanda. My co-di-
rectors for this workshop included Profes-
sor Sandro Radicella of the International 
Center for Theoretical Physics (ICTP) in 
Trieste, Italy, and Dr. Jean Uwamahoro of 
the University of Rwanda. The program 
was cosponsored by Boston College, 
the International Center for Theoreti-

cal Physics in Trieste, Italy; the Minister 
of Education, Republic of Rwanda; the 
International Committee on GNSS, and 
the University of Rwanda.

Some 63 participants comprised this 
year’s gathering, including lecturers and 
students from all over the world, with 
the majority of students coming from the 
East African region. In addition to topics 
on GNSS technology and applications, 
topics addressed the summer solar, mag-
netospheric and ionospheric phenomena 
and their impact on the near-Earth space 
environment. 

The summer school creates an oppor-
tunity for senior and young African space 
scientists to interact and share knowledge 
in space science with worldwide experts 
— strengthening the vision and under-
standing of the importance of GNSS 
and other technologies with a particular 
focus on space weather and its effects on 
our everyday life. Program participants 
learned how solar explosive phenomena 

can influence the functioning and reli-
ability of spaceborne and ground-based 
systems and services or directly endanger 
human health. 

Among the coursework offered by 
ION members were lectures on GNSS 
Fundamentals by Dr. John Raquet, in-
cluding a laboratory that taught partici-
pants how to calculate a position using 
RINEX data and use of simple Matlab 
routines. Dr. Frank van Diggelen brought 
the latest technology in mobiles phones 
to demonstrate the benefits and use of in-
tegrated GNSS. Of particular interest to 
students was being able to use the phones 
outdoors to see just how many satellites 
and constellations could be seen from our 
location in Kigali. 

Dr. Mikel Miller presented a thought-
provoking lecture on “Got GPS? The 
Navigation Gap.” Just when they had 
been convinced that GPS was the answer 
to all our PNT problems, this presenta-
tion provided insight into alternative 

GNSS Rwanda:  
The African Outreach Program 
Extends Its Success
Patricia Doherty
Institute of Scientific Research, Boston College
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to the program’s success. The Rwandan 
GNSS summer school was the first held 
on the African continent, which required 
a lot more planning but helped attract 
the attention of local government leaders 
to the benefits of GNSS. My heartfelt 
thanks to the lecturers who have par-
ticipated in the Rwanda workshop and 
all of the earlier and future workshops. 
Their kindness and the selfless generos-
ity of their time and expertise is truly 
admirable. 

We are now planning the sixth 
workshop, which will again be held at 
the ICTP in Trieste, Italy, in March 
2015. The success of the workshops has 
become well known in Africa and around 
the world. As such, we have had many 
applications from hopeful participants 
from other developing nations in South 
America, Indonesia, Thailand, and India. 
Perhaps it’s time to expand our focus. ION

Editor’s note: Patricia Doherty was award-
ed a Fellowship in the African Geospace 
Society last year — partially as a result 
of her leadership role with the African 
Outreach Program workshops. The award 
was announced at the African Geospace 
Society (AGS) meeting earlier in the year 
in Nigeria. However, she was not able to 
travel there to accept the award during the 
AGS event; so, she received the award at 
the summer workshop. 

methods for achieving such capabilities 
as guiding unaided autonomous vehicles. 
Although he was unable to attend due to 
travel delays, Dr. Todd Walter prepared a 
presentation on GNSS Effects on Naviga-
tion Systems that I gave in his place.  

Dr. Keith Groves offered a comprehen-
sive tutorial on the ionosphere — nicely 
tying in the effects that the ionosphere 
has on GNSS. Dr. Endawoke Yizengaw 
discussed the importance of space weath-
er on our daily lives, and Dr. Anthea 
Coster contributed some fascinating 
details about geomagnetic storms. One 

evening during the workshop, Frank and 
Keith combined their skills to use Frank’s 
phones to record scintillation from the 
roof of our hotel. The measurements were 
described at the workshop, but a bit more 
work needs to be done on the analysis 
before the results are ready for formal 
presentation. 

As in prior workshops, I guided the 
workshop along and gave the final presen-
tation on the Future of GNSS for Space 
Research.

Presentations from space scientists 
and GNSS experts from other parts of 
the world complemented the lectures 
provided by the ION members. These 

included Dr. Yannick Beniguel and Dr. 
Christine Amory, France; Dr. Christian 
Monstein, Switzerland; Dr. Babatunde 
Rabiu and Dr. Daniel Okho, Nigeria; Dr. 
Nkundabakura Pheaneas and Dr. Jean 
Uwamahora, Rwanda; Dr. Vafi Doumbia, 
Cote D’Ivoire (Ivory Coast); Dr. Pat-
rick Sibanda, Zambia; Dr. John Bosco 
Habarulema and Dr. Pierre Cilliers, 
South Africa; and Dr. Bruno Nava, Dr. 
Luigi Ciraolo, and Dr. Claudia Paparini 
of the ICTP.  

We were particularly pleased to feature 
the African lecturers in this workshop as 
they had all been student/participants in 
our earliest workshops. This is a clear sign 
that our goals of enhancing and encour-
aging the use of GNSS in Africa has been 
successful.

We were also delighted to be joined on 
the first and last days of the workshop by 
dignitaries from the Rwandan govern-
ment. These included the Honorable 
Vincent Biruta, Minister of Education; 
Dr. Marie Christine, Director General 
S&T Ministry of Education; Dr. Nel-
son Ijumba, University of Rwanda Vice 
Chancellor for Academic Research; Dr. 
Manasse Mbonye, University of Rwanda 
Principal and Mr. Michael Hughes, Advi-
sor to the Minister of Education. Their 
participation indicates a dedication to 
space science education and the accep-
tance and use of GNSS in Rwanda.

I want to thank the ION for its con-
tinuous support of the African Outreach 
Program throughout the five workshops 
held to date and for being one of the keys 

aFrIcan OutreachaFrIcan Outreach

Dark Deeds and Better Days at Hotel Rwanda

Hosting this event in Rwanda in 2014 was particularly noteworthy as it 
coincided with the 20th anniversary of the Rwandan genocide of 1994, 

which occurred during a civil war in that country. Approximately 800,000 
Tutsis and moderate Hutus were massacred over a period of 100 days. 

ION members visited the Kigali Genocide Memorial Center that 
commemorates the dark days of the genocide and is the home to a moving 
permanent exhibition for the benefit of survivors and young people. It is also 
the site of mass graves where 
more than 250,000 genocide 
victims are buried. Our group 
placed flowers on a mass grave 
in memory of the victims and 
survivors of this tragic history.

Although this was an emo-
tional day for all, it evoked 
much admiration for the amaz-
ing Rwandan people. They 
lived through horrific times yet 
they are warm and hospitable 
as they continue to rebuild 
their country and a peaceful 
society with strong dedication 
to forgiveness and renewal.  

The ION lecturers were also 
grateful to be housed at the 
Hotel des Milles Collines in 
Kigali, a large and lovely venue. 
It became famous after more 
than 1,200 people took refuge 
inside the building during the Rwandan genocide. This story of subsequent 
events at the hotel and the heroic actions of its manager at that time, Mr. Paul 
Resesabagina, served as the basis of the film Hotel Rwanda.

Patricia Doherty, immediate past president of  
ION and co-director of Africa Outreach Pro-
gram, places a wreath at the Kigali Genocide 
Memorial Center.

Graduates of 2014 Africa Outreach 
Program. Co-director Pat Doherty front 
row center.

ION member instructors in a post-
workshop trek to Volcanoes National 
Park to view the rare Mountain 
Gorillas of Rwanda. Pictured (from 
left) Patricia Doherty, Keith Groves, 
Anthea Coster and Frank van 
Diggelen

Dr. Frank van Diggelen, Broadcom Corporation, demonstrates methods for  
determining satellite locations on a mobile phone.
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Annual Award Nominations
Members are encouraged to submit nominations for the 

annual awards given by The Institute of Navigation for 
excellence in navigation. 

The awards and accompanying engraved bronze plaques are 
presented annually at the ION International Technical Meeting. 

The Early Achievement Award is presented in recognition of 
outstanding contributions made early in one’s career. The Supe-
rior Achievement Award is presented to an individual demon-
strating outstanding accomplishments as a practicing naviga-
tor. The Dr. Samuel M. Burka Award recognizes outstanding 
achievement in the preparation of a paper contributing to the 
advancement of the art and science of positioning, navigation 
and timing. The Captain P. V. H. Weems Award is presented to 
individuals for continuing contributions to the art and science 
of navigation. The Tycho Brahe Award is presented to recognize 
outstanding contributions to the science of space navigation, 
guidance and control. The Norman P. Hays Award is given in 
recognition of outstanding encouragement, inspiration, and 
support contributing to the advancement of navigation. The 
Thomas L. Thurlow Award recognizes outstanding contribu-
tions to the science of navigation. The Distinguished Service 
Award is presented for extraordinary service to The Institute of 
Navigation.

Fellow Nominations
Election to Fellow membership recognizes the distinguished 

contribution of ION members to the advancement of the 
technology, management, practice, and teaching of the arts 
and sciences of navigation, positioning, and timing and/or for 
lifetime contributions to the ION.

Former members of the ION who are not currently active 
members of the organization may be elected to non-voting Fel-
low membership. Election to Honorary Fellow membership is 
authorized for non-members of The Institute of Navigation who 
are qualified by their accomplishments for recognition as a non-
voting Fellow member. Members of other national institutes of 
navigation are also considered in this category. Nominations for 
ION Fellows may be submitted by currently active Institute of 
Navigation members. 

All nominations must conform to ION nomination guide-
lines. Details of the nomination process and forms are available 
at www.ion.org. Address correspondence to: Fellow Selection 
Committee, The Institute of Navigation, 8551 Rixlew Lane, 
Suite 360, Manassas, VA 20109, fax: 703-366-2724, e-mail: 
mlewis@ion.org. Nominations must be received in proper form 
by October 15 to qualify.  ION

Congratulations ION Annual Award Recipients

Early Achievement Award

Dr. Mathieu Joerger
Research assistant professor at the Illinois 
Institute of Technology
For outstanding contributions to the 
integrity of multi-constellation and 
multi-sensor navigation systems

Superior Achievement Award 

Captain Samantha Ekwall
Flight Commander, Aircrew Flight 
Equipment, 1st Special Operations Support 
Squadron, Hurlburt Field, Florida
For her heroic actions as the lead 
navigator for a five-ship formation 
during the refueling of the battle 
damaged CV-22 Ospreys during a U.S. 
Embassy evacuation attempt in South 
Sudan

Dr. Samuel M. Burka Award

Dr. Hamid Mokhtarzadeh and 
Dr. Demoz Gebre-Egziabher
Department of Aerospace Engineering and 
Mechanics at the University of Minnesota, 
Twin Cities
For their paper “Cooperative Inertial 
Navigation” published in the Summer 
2014 issue of NAVIGATION: Journal of 
The Institute of Navigation, Vol. 61, No. 
2, pp.77-94

Captain P.V.H. Weems Award

Patricia Doherty 
Head of the Institute for Scientific Research 
at Boston College
For her contributions to the 
management and encouragement of 
advanced navigation research and 
for her service to The Institute of 
Navigation

Norman P. Hays Award

Neeraj Pujara 
Spectrum Warfare Deputy Division Chief 
of the AFRL Sensor Directorate
For his inspired leadership, outstanding 
encouragement, inspiration and 
dedicated support contributing to the 
advancement of navigation, including 
his service as the lead organizer 
of ION’s Robotic Lawn Mower 
Competition (2006 to 2012) and as lead 
for the AFRL Workforce Development 
Initiative

Tycho Brahe Award

Dr. Bruce Haines 
Principal Member Technical Staff, Jet 
Propulsion Laboratory, California Institute 
of Technology
For notable achievements in 
astrodynamics-navigation, precise orbit 
determination, and satellite applications 
to geophysics and oceanography

Thomas L. Thurlow Award

Dr. Todd Humphreys 
Assistant professor in the Department of 
Aerospace Engineering and Engineering 
Mechanics at The University of Texas at 
Austin and director of the University of 
Texas Radionavigation Laboratory 
For contributions that enhance 
radionavigation security and robustness 
in the face of intentional spoofing and 
natural interference

Distinguished Service Award

Patricia Doherty 
The ION President 2013-2015
For extraordinary service to The 
Institute of Navigation (Pictured 
with incoming ION President Dr. 
Dorota Grejner-Brzezinska)

Welcome to ION’s  
Newest Fellows
Election to fellow membership recognizes the distinguished 

contributions of The Institute of Navigation (ION) mem-
bers to the advancement of the technology, management, prac-
tice, and teaching of the arts and sciences of navigation and/or 
for lifetime contributions to The Institute. Former members of 
the ION who are not currently active members of the organiza-
tion may be elected to non-voting fellow membership. Election 
to honorary fellow membership is authorized for members of 
other national institutes of navigation who are qualified by their 
accomplishments to recognition as a fellow member.

Newly Elected ION Fellows:
Dr. Attila Komjathy
Principal Investigator and a senior research staff, Ionospheric and 
Atmospheric Remote Sensing (IARS) Group of the Tracking Systems 
and Applications Section, NASA Jet Propulsion Laboratory
For contributions to remote sensing of Earth’s ionosphere 
using GNSS signals

Dr. Yu (Jade) Morton
Professor, Colorado State University
For contributions to GNSS software receivers and the 
development of a world-wide network of space weather 
monitoring stations

Dr. Frank van Diggelen
Vice President of GPS Technology and a Broadcom Fellow, 
Broadcom Corporation
For contributions to satellite-based navigation for consumer 
applications, especially mobile handheld devices

New ION Fellows: (from left) Dr. Attila Komjathy, Dr. Yu (Jade) 
Morton, and Dr. Frank van Diggelen
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Classified Session will be held June 25 

at Shades of Green on Walt Disney World Resort

June 22-25, 2015
Tutorials: June 22

Show Dates: June 23-24, 2015
Renaissance Orlando at SeaWorld

Orlando Florida

Sponsored by:
The Military Division of

The Institute of Navigation 
(ION)

Register Now!

“Military Navigation Technology: The Foundation for Military Ops”

www.ion.org/jnc

State University’s team THUNDAR, 
with their bison-shaped snowplow 
vehicle, came in fifth with a $700 award, 
and the $300 sixth place prize went to 
the scrappy Case Western Reserve Uni-
versity team.  

A second North Dakota State Univer-
sity team, SNOWMENATOR, and the 
University of Minnesota Team GOFIRST 
both had to drop out of the competition 
due to vehicle issues.

Teams also competed for best reports 
and oral presentations, which took place 
at the Science Museum of Minnesota. 
THUNDAR won $500 for best final 
report and the GOFIRST Ground Squir-
rel team won the same amount for best 
final presentation. The Sportspersonship 
Golden Smile award and $500 went to 
Dunwoody College of Technology for 
their enthusiasm and selfless support of 
other competitors.

Professional engineers from corporate 
and team sponsors judged the vehicle 

designs. This year, judges came from 
Honeywell Inc., The Toro Company, 
Lockheed Martin, UTC Aerospace 
Systems, Optum, and the University of 
Minnesota. Additional sponsors were 
Alliant Techsytems Inc (ATK), ASTER 
Labs Inc., U.S. Bancorp, Space Explora-
tion Technologies Corp. (SPACEX), 
John Deere and Company, Proto Labs, 
Hitching Post Motorsports, Nuts and 
Volts and Servo magazines, and Achieve-

ment Rewards for College Scientists 
Foundation (ARCS).

The competition is gaining a reputa-
tion for its piquant theme and serious 
engineering. It was covered by local Twin 
Cities media and showed up in CNN, 
Yahoo, BGR, and Fodor’s Travel.

Find out more at <autosnowplow.
com>, on Facebook at “Autonomous 
Snowplow Competition,” and on Twitter 
and Instagram at #autosnowplow. ION

Team Zenith 2.0 from University of 
Michigan-Dearborn led the way at 

January’s Autonomous Snowplow Com-
petition in St. Paul, Minnesota, organized 
and sponsored by the ION North Star Sec-
tion. Their successful use of optical naviga-
tion beacons contributed to their win: the 
team took home a $7,000 cash prize to 
help develop their robot plow commer-
cially along with the competition’s Golden 
Snow Globe Trophy for bragging rights. 

Seven other teams joined them in 
the fifth year of the Institute of Naviga-
tion contest that took place at Rice Park 
during four days of St. Paul’s annual 
winter carnival. Successful robots had to 
follow two fixed courses in 20 minutes, 
untouched by human hands. The first 
path, buried in about two to four inches 
of snow, represented a straight, narrow 
sidewalk and the second path, a wider 
single-car driveway. 

The contestants equipped their 300- 
to 500-pound robots with advanced 
navigation systems, unique to each team. 
Several used laser navigation sensors; 
others incorporated wheel encoders and 

inertial measurement units. One or two 
employed image processing of the local 
visual field. Two teams used a differen-
tial GPS system, and one team used a 
magnetic sensor system, requiring the 
placement of a magnetic track system on 
the field. 

Blade designs varied as well. Most 
teams used a single blade, set at an angle 
to the vehicle, similar to a snowplow 
truck on a highway. The University of 
Calgary designed outside the box with an 
optional rotating brush attachment for 
their vehicle. The rule book didn’t allow 
that feature in the competition, but inter-
ested spectators watched a demonstration 
during a lunch break. 

This year’s weather was comparatively 
balmy compared to last year’s bitterly cold 
temperatures. The returning teams took 
extensive measures to prepare for extreme 
temperatures including better insulation 
and improved placement of electronics, 
but Saturday’s near 40° F temperatures 
created different challenges for the teams. 
With warm days and freezing nights, the 
snow supply was hard as a rock. A vol-

unteer “Snow Pit Crew” broke out pick 
axes and ice choppers to crush the snow 
supply mound into a usable texture and 
consistency.

Teams from the University of Mich-
igan-Dearborn, Dunwoody College of 
Technology, Case Western Reserve Uni-
versity, North Dakota State University, 
and the University of Minnesota returned 
from last year’s competition, armed with 
lessons from the 2014 trials. A new team 
from Canada drove 22 hours from the 
University of Calgary, Alberta, to partici-
pate this year.

Team Yeti 5.0, also from the University 
of Michigan-Dearborn, took second place 
and a prize of $4,000. The Dunwoody 
team from Minneapolis, Minnesota, 
received the $2,000 third prize. 

The newest team to enter the competi-
tion, the University of Calgary, finished 
fourth and won $1,000. North Dakota 

Michigan Team’s Autonomous 
Snowplow Wins $7,000 for 
Commercial Development 
The annual contest lures university students to use math, technology and science 
to solve practical navigation, guidance and control problems in the dead of winter 
spurred by competition and Minnesota fun – who doesn’t love ice, snow and 
robots?

autOnOmOus snOwplOw autOnOmOus snOwplOw

Team Zenith 2.0 from University of 
Michigan-Dearborn snowplow at 

work in 2015 competition.

Michigan Wins! The Zenith 2.0 team from University of Michigan-Dearborn
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2015 ION 
Autonomous 

Snowplow Competition 
Winners
GOLDEN SNOW GLOBE AWARD University of 
Michigan-Dearborn “Zenith 2.0”
SILVER SNOW GLOBE AWARD University of 
Michigan-Dearborn “Yeti 5.0”
BRONZE SNOW GLOBE AWARD Dunwoody 
College of Technology “Snow Devils 0101”
BEST STUDENT PRESENTATION University of 
Minnesota GOFIRST Ground Squirrels
BEST STUDENT REPORT North Dakota State 
University Team THUNDAR

COMPETITORS
Case Western Reserve University
Dunwoody College of Technology
North Dakota State University
University of Calgary
University of Michigan-Dearborn
University of Minnesota-Twin Cities
Tuesday, September 15, is the entry 
deadline for next year’s competition in St. 
Paul, Minnesota. The 2016 event will take 
place at the winter carnival, which runs 
from January 22- February 1. Participants 
must be at least 18 years old and each team 
must include at least one student.
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associate professor of computer science 
and computer engineering at Vanderbilt 
University, who explored the subject of 
“Information Overload vs. Trust in Auto-
mation: A Delicate Balance.”

 “How can we apply human-centered 
engineering methods to design bet-
ter automated systems?” Jackson asked 
rhetorically in her presentation, noting 

that “increased automation can cause a 
mismatch between the system’s actions 
and the user’s expectations.”

Answering that question lies at the 
heart of the increasing interest in design-
ing unmanned or autonomous systems, 
including navigation, guidance, and 
tracking capabilities.

“Designing systems that appropriately 
elicit operator trust will enable use of the 
full spectrum of autonomous system ca-
pabilities,” Jackson said, because trust in 
new ways of doing things mean that users 
will adopt and rely on the system.

In her presentation, Jackson offered 
a couple of examples, including a path 
planning system for an unmanned aerial 
vehicle. But probably her most dramatic 
and elaborate example 
involved a Draper Labs/
MIT/NASA effort to 
integrate control moment 
gyroscopes (CMGs) into 
an extravehicular activity 
(EVA) jetpack for crew 
operations in space, such 
as inspection of solar pan-
els or rescue missions.

Integration of CMGs 
with existing control jets 
have demonstrated an 
improved response and 
settling time by provid-
ing continuous actuation of controls 
compared to the on/off actuation of jets 
alone. The engineering challenges for de-
signing CMG-augmented EVA jetpacks 
include physical size constraints, the need 
for stability for fine motor tasks and large 
course corrections, robust response to 
variations in human motions and size 
of crew members, and a requirement 
for simple, intuitive control inputs and 
automated control modes.

Draper Labs is in the middle of the 
jetpack design process but making 
progress based in part on discovering 
what doesn’t work for a human opera-
tor. Future developments will undertake 
a more refined characterization of the 
system and sizing of the CMGs, auto-
mated modes for astronaut operations, 

and hands-free control mechanisms to 
improve ease of use.

A successful technical solution “meets 
the technical requirements to successfully 
accomplish the necessary task” while also 
satisfying the needs of the user by “solv-
ing the right problem.” ION

IOn Itm 2015

Congratulations 

Deputy Superintendent, Rear Admiral 
Susan Dunlap of the USMS presents 

Cadet Joseph Eugene Moore with The 
Institute of Navigation Award at the 
United States Merchant Marine Acad-
emy 2014 Award Ceremony. This award 
is given each year in recognition of the 
deck graduate attaining the highest grade 
point average in navigation.   

New ION Officers and  
Committee Chairs
At the conclusion of the ION 2015 
International Technical Meeting (ITM) 
the following newly elected ION officers 
took office: 
President: 
Dr. Dorota Grejner-Brzezinska, The Ohio 
State University 
Executive Vice President: 
Dr. John Raquet, Air Force Institute of 
Technology 
Treasurer: 
Dr. Frank van Graas, Ohio University 
Eastern Region Vice President: 
Dr. Michael Veth, Veth Research Associates 
Western Region Vice President: 
Mr. Gregory Turetzky, Intel Corporation 
Eastern Council Member-At-Large:
Dr. Sanjeev Gunawardena, Air Force 
Institute of Technology 
Western Council Member-At-Large:
Mr. John Nielson, Rockwell Collins 
Space Representative: 
Dr. Olivier Montenbruck, German 
Aerospace Center/GSO, Germany 
Air Representative:
Dr. Thomas Pany, IFEN GmbH, Germany 

Land Representative: 
Dr. Zainab Syed, InvenSense, Canada 
Marine Representative:
Dr. Alan Grant, General Lighthouse 
Authorities of UK and Ireland 
Nominating Chair: 
Ms. Patricia Doherty, Boston College 
Finance Chair: 
Mr. John Clark, The Aerospace 
Corporation 
Membership Chair: 
Mr. Timothy Murphy, The Boeing 
Company 
Fellow Selection Committee Chair: 
Dr. Pratap Misra, Tufts University 
Technical Committee Chair: 
Dr. John Raquet, Air Force Institute of 
Technology 
Publication Chair: 
Dr. Boris Pervan, Illinois Institute of 
Technology 
Meeting Chair: 
Mr. Douglas Taggart, Overlook Systems 
Technologies 
Awards Chair: 
Dr. Terry Moore, University of 
Nottingham, UK 
Bylaws Committee Chair:
Dr. Gary McGraw, Rockwell Collins 

New England Section 
A meeting of the New England ION 
Chapter hosted by Dr. Keith McDonald 
was held on Thursday January 22nd at 
The MITRE Corporation in Bedford, 
Massachusetts.  The agenda included the 
following items: 
•	 Discussion of re-invigorating the 

Chapter 
•	 Frequency of future meetings 
•	 Technical talk from Draper’s Krish 

Kotru on “Stable Atomic Timekeeping 
in GPS-Denied Environments.”  
Pizza and soda was provided. We are 

looking forward to re-starting the chapter 
and the future collaboration. Please feel 
free to contact Dr. McDonald (kfmcd@
mitre.org) with questions and concerns. ION

Due June 30

Kepler Award 
Nominations
The purpose of the Johannes Kepler 
Award is to honor an individual for 
sustained and significant contributions 
to the development of satellite naviga-
tion. The winner of this award will be 
determined by a special nominating 
committee. The Kepler Award is present-
ed only when deemed appropriate. All 
members of The Institute of Navigation 
are eligible for nomination. We are 
encouraged to submit the names of 
individuals for consideration.

To submit a nomination, go to the 
ION website at www.ion.org. Click on 
Awards, scroll down, click on Kepler 
Award, then click on the Awards form 
for complete nomination instructions. 
Nominations must be received by June 
30. Nomination packages may be sent 
to: Satellite Division Awards Committee 
Chair, The Institute of Navigation, 8551 
Rixlew Lane, Suite 360, Manassas, VA 
20109.

Due June 30

Parkinson Award 
Nominations
Graduate students in GNSS technol-
ogy, applications, or policy who have 
completed a single-author thesis or dis-
sertation and who are ION members are 
eligible for this prestigious award and 
$2,500 honorarium. Nominations are to 
be submitted by a regular research fac-
ulty member of a college or university.

This award honors Dr. Bradford W. 
Parkinson for establishing the U.S. 
Global Positioning System and the 
Satellite Division of The Institute of 
Navigation.

For application details and entry 
rules, go to www.ion.org. Nominations 
must be received by June 30.

ION  News and Notes
ION ITM 2015 continued from page 1

Calendar  
of Upcoming 
ION Events
APRIL 2015
8-10:  ENC-GNSS 2015, Bordeaux, France 
Contact: French Institute of Navigation 
Web: www.enc-gnss2015.com

20-23: ION Pacific PNT 2015, Marriott 
Waikiki Beach Resort & Spa, Honolulu, 
Hawaii
Contact: ION    
Tel: +1 703-366-2723 
Fax: +1 703-366-2724  
Web: www.ion.org

JUNE 2015 
22-25: ION JNC 2015, Renaissance 
Orlando at SeaWorld, Orlando, Florida    
Contact: The ION  
Tel: +1 703-366-2723 
Fax: +1 703-366-2724 
Web: www.ion.org

SEPTEMBER 2015 
14-18: ION GNSS+ 2015, Tampa 
Convention Center, Tampa, Florida    
Contact: The ION  
Tel: +1 703-366-2723 
Fax: +1 703-366-2724 
Web: www.ion.org

OCTOBER 2015 
20-23: IAIN World Congress 2015, Clarion 
Congress Hotel Prague, Prague, Czech 
Republic     
Contact: IAIN World Congress 
Tel: +420-284-001-444  
Fax: +420-284-001-448
Web: www.iain2015.org

JANUARY 2016
25-27: ION International Technical 
Meeting (ITM) & ION Precise Time 
and Time Interval Meeting (PTTI) 2016, 
Hyatt Regency Monterey, Monterey, 
California   
Contact: ION    
Tel: +1 703-366-2723 
Fax: +1 703-366-2724 
Web: www.ion.org

mailto:kfmcd@mitre.org
mailto:kfmcd@mitre.org
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ESCAPING THE SAND TRAP
Could PNT technologies save the game of golf?

The golf industry has been in the dol-
drums for a while — partly because 

the most devoted players are aging and 
the Millennial crowd just doesn’t get the 
appeal of the game. 

So, could PNT technology give golfing 
a shot in the arm?

Stat Trackers
For devoted fans, high-end stat trackers 
like Arccos use Bluetooth and the GPS in 
a player’s phone to track every aspect of 
the game in real time — a training tool 
par excellence.

In addition to the phone app, this stat 
tracker includes Bluetooth, accelerometer, 
battery, and impact detection sensors 
for each club. It’s easy to use and doesn’t 
interfere with the game. 

Pricey and elegant, it may be just the 
thing to lure prosperous young profes-
sionals  into the thrill of the game. (And 
give tiring veterans the strength to do 
what needs to be done.)

Simulators in HD
Interactive golf simulators offer a big 
“WOW” factor, with high-definition 
visuals, motion tracking, and satellite and 
geospatial data that combine to replicate 
the  experience of playing on famous 
courses. Some systems are completely im-
mersive, occupying large rooms. 

The simulators are advertised as incen-
tives to improve one’s game and return 

to the green in superb 
condition (and they’re 
fun). And it’s possible 
they might also inspire 
digital players to go be-
yond virtual reality and 
explore the windy, wet, 
sandy, muddy, real world 
of golf.

Robots on the Green
Meanwhile, for the course managers 
who are sweating their declining budgets 
while waiting for new players to ar-
rive, there’s the autonomous golf course 
mower — now more sophisticated than 
the novelty tools of yore.

The original Precise Path R3G mower 
was designed by a technical manager 
for the Indy Robot Racing team in the 
DARPA Grand Challenge and a former 
researcher in MIT’s Artificial Intelligence 
Lab.

They sold their innovation to Cub 
Cadet, a U.S. manufacturer of mowers 
and garden tractors, and that company 
will introduce a new, improved version of 
the R3G in late February.

The battery-powered motor and com-
puter can run for several hours. It’s quiet 
and precise. It navigates using ultrason-
ics and infrared to triangulate location 
within an area marked by four beacons. 
Because the mower knows its location, it 
can purposely move in straight lines or in 

patterns, unlike other mowers that move 
randomly.

Cub Cadet claims its positioning 
technology is “better than GPS” and, 
because of its precision, offers a better ball 
roll and “an unparalleled green-to green” 
consistency. 

And it could keep the course lovely, 
even when there’s been a reduction in 
force.

Tech-Free Zone?
But perhaps something other than PNT 
technology is the best selling point for 
the game. 

Thimon de Jone, a market researcher 
who specializes in youth buying habits, 
told the Financial Times of London that 
golf could offer another selling point to 
young people who are always connected 
and “always on.”

The game offers a respite, he said. “The 
course itself could be a tech-free zone and 
a haven of peace in busy world.” 

Research en-
gineer James 
Norris adjusts 
controls of a 
remote weather 
station that 
helped solve 
the mystery 
of the sailing 
stones in Cali-
fornia’s Death 
Valley

Remote cameras took this picture of a 
GPS-equipped rock on the Racetrack 
Playa. (PlosONE)

SAILING STONES
Death Valley is full of mysteries —  
and GNSS technology has helped solve one of them.

The black dolomite sailing stones of 
Racetrack Playa slide across an an-

cient lake bed when no one’s looking. 
They range in size from pebbles to 

boulders, leaving furrows in their wake. 
Some wait 10 years between movements. 
Some slide a few inches, some as far as 
two miles. The furrows can be straight or 
curved or sharply angled. Some seem to 
travel in tandem, leaving parallel tracks. 

What’s going on?
The rocks have attracted a lot of 

scientific attention since they were first 
reported in 1948. This year, a biologist, 
engineer, and planetary scientist have 
finally caught them in action.

The team monitored the playa re-
motely in 2013 and 2014. They fitted 
fifteen limestone blocks of various sizes 
with high-precision, motion-activated 
GPS devices that recorded temperature 
and location every hour. They scattered 
their ringers among the largest collection 
of natural stones on the playa.

Then they installed time-lapse cameras 
that recorded hourly images between 
November and March and a continuously 
operated weather station that measured 
wind gusts every second, as well as 
temperature, sunshine, rainfall, and GPS 
location.

Then they waited. 
And waited. 
“Boring,” one researcher admitted.
But here’s what they found: During the 

winter, rainfall collects at one end of the 
playa. If it’s deep enough to form a pool 
but not deep enough to cover the rocks, 
and if the temperature is right and there’s 
enough sunshine and a steady wind, con-
ditions are set for the rocks to sail.

The pond freezes at night into a “win-
dowpane” ice sheet, with liquid water 
underneath. In the morning, the sun 
starts to melt the ice and break it up into 
pieces. These floating ice panels push the 
rocks at two to five meters per minute for 
up to 16 minutes. Movement direction 
— and the shape and trajectory of the 
trail — are determined by waterflow un-
der the ice and the winds on the surface. 

And here’s why it was so difficult to 
catch the rocks on the move — they’re 
nudged slowly across a visual field that’s 
difficult to see with merely human, as op-
posed to digital, eyes.

Watch it on You Tube
“How Rocks Move” (Scripps Ocean-
ography) <https://www.youtube.com/
watch?v=uyHcs7B27Zk>

THE NEXT BEST THING?
DARPA doesn’t want to break up 
with GPS, but it does want to 
date other technologies.

DARPA is worried that GPS, a 
vulnerable and low-signal strength 

tool, has replaced most previous ways of 
finding out where we are and how to get 
somewhere else.

For several years, the Defense Advanced 
Research Projects Agency has been spear-
heading research into new PNT technolo-

gies, for use when GPS data is jammed, 
spoofed, or otherwise unavailable.

Several projects are just about ready to 
look around for vendors.

Shared Systems 
STOIC is a short acronym for a long 
name: the Spatial, Temporal and Orienta-
tion Information in Contested Environ-
ments program. Now in “presolicitation” 
— that is, pre-game prep status — DARPA 
is looking for new systems that are as ac-
curate as GPS but have long-range robust 

Visual image of a golf simulator course mapped by Sports 
Coach

signals, “ultrastable” clocks, and technolo-
gies that allow users to share PNT informa-
tion. In its press release on these and related 
projects, DARPA said, “In time, depen-
dence on GPS may be as unimaginable as 
is the idea today of living without it.”

Robotic Hawks
FLA or Fast Lightweight Autonomy is a 
small, fast unmanned aerial vehicle that 
doesn’t rely on GPS to navigate in com-
plex, cluttered urban environments. It 
should be able to fly into a window at 45 

miles per hour and recognize if it’s been 
there before. DARPA suggests hawks or 
flying insects as a model of how this little 
drone should operate.

DARPA released an open solicitation in 
December for the new capabilities that will 
reduce the UAV’s dependence on external 
sources for guidance and increase percep-
tion of the environment. They’re looking 
for the algorithms, not the hardware.

Miniature Modules
DARPA researchers have been fiddling 

with MEMS technology to make teeny 
tiny gyroscopes, clocks, integrated tim-
ing, and inertial measurement devices 
for positioning, navigation, and timing 
tasks and then putting them together on 
a chipset the size of a penny. 

DARPA said it has already fabricated 
a prototype with three gyroscopes, three 
accelerometers, and a master clock. They 
want to reduce the size, weight, and 
power requirements for the new sensors 
to nearly nothing — and, needless to say, 
they don’t want them to require GPS.  ION

Concept drawing for the 
FLA UAV, showing its 
capabilities in dangerous 
or confused environments 
(DARPA image)
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GNSS Program Updates

News from Systems Around the World
One recent development 
in the United States 
could affect all foreign 
GNSS providers.

A rule largely aimed at opening trade 
in telecommunication services will 

require international providers of GNSS 
services to apply for authorization before 
their navigation signals can be legally 
used in the United States, a Federal 
Communications Commission (FCC) 
official has told the Space-based Posi-
tioning, Navigation, and Timing (PNT) 
Advisory Board.

The provision will also require manu-
facturers to get multi-constellation receiv-
ers certified for U.S. use, said Ronald 
Repasi, deputy chief of the FCC’s Office 
of Engineering and Technology.

Russia and China signed a cooperation 
agreement on satellite navigation in Feb-
ruary, according to Russian news media, 
following establishment of a Russian-
Chinese committee on satellite naviga-
tion last October. The two countries 
plan to allow each other to build three 
monitoring facilities for the two nations’ 
GNSS systems, GLONASS and BeiDou, 
in each other’s territory.

Other developments affecting specific 
GNSS programs include the following.

GPS
The White House showed continuing 
support for the GPS program with a 
Fiscal Year 2016 (FY16) budget pro-
posal that was, with one key exception, 
comparable to that of previous years. 
That exception though, a cut to GPS III 
procurement including the zeroing out of 
advance procurement monies, resulted in 
an overall program reduction of roughly 
$100 million.

Released on February 2, the president’s 
budget proposal will support the pur-
chase of one GPS III satellite. The White 

House also asked for an increase for GPS 
IIF satellites — $66.14 million, about a 
third more than what was requested and 
allocated last year. Those moves may re-
flect uncertainties in the progress of GPS 
III and the Next-Generation Operational 
Control Segment (OCX)

The Obama administration also 
requested a substantial increase in the 
monies for OCX and the GPS Enterprise 
Integrator, a program working to inte-
grate the ground segment with the space 
segment and with user equipment. These 
two efforts would receive $350.23 million 
if the full request were approved. Last 
year the administration requested and 
received $299.76 million. 

The administration renews its request 
for GPS civil funding in the Department 
of Transportation budget at the same level 
as FY15: $27 million. The Departments 
of Transportation and Defense reportedly 
are planning a joint effort to support the 
civil funding budget.

For FY13 Congress appropriated only 
$10 million for civil modernization, and 
the FY14 budget had a mere $6 million to 
fund the civil portion of the GPS program 
and its contribution to the National Coor-
dination Office. If the civil GPS budget 
is cut again this year, it could affect the 
timeline of the overall GPS program.

In a January 29 earnings call, Raytheon 
Company CEO Tom Kennedy said the 
company has “turned a corner” on prob-
lems with the $1.6-billion OCX program, 
according to news media reports. The 
OCX program recently passed another in 
a series of Pentagon reviews despite being 
three years behind schedule, but will be 
monitored to ensure it stays on track. 
Major General Roger Teague, director of 
space programs for the Air Force acquisi-
tion chief, told reporters that program 
officials and the contractor have received 
“tough marching orders” to stick to sched-

ule and cost targets. As for current opera-
tions, the Air Force launched the eighth 
GPS IIF satellite on October 29, 2014, 
and it entered operational service on 
December 12. This year additional GPS 
IIF launches are scheduled for March (on 
a Delta IV rocket), June and September, 
the last two on Atlas 5 launchers.

This year in Congress, initiatives 
involving location privacy, critical infra-
structure protection, and updates to the 
Communications Act appear likely to 
have consequences for GPS (and, more 
broadly, GNSS and PNT), if legislation 
on the subjects is passed. One bill in 
particular, the Terrorism Prevention and 
Critical Infrastructure Protection Act 
of 2015, could expand the definition of 
critical infrastructure to include the GPS 
system — something GNSS experts have 
been advocating for several years.

Galileo
The European Commission announced 
in January that the Galileo program 
would launch up to six full operational 
capability (FOC) satellites this year on 
three Soyuz rocket missions in 2015, 
beginning on March 26.

The first launch of FOC spacecraft in 
August placed two satellites into incorrect 
orbits after hydrazine fuel lines feeding two 
maneuvering thrusters on the Fregat upper 
stage of the Soyuz launcher froze in flight.

The European Space Agency (ESA) 
says ground controllers have since 
repositioned one of the two satellites 
launched into the wrong orbit in August 
into a more circular path around Earth, 
allowing engineers to start testing of its 
navigation payload. Galileo operators are 
now attempting to improve the orbit of 
the second errant satellite.

During February, Galileo’s controllers 
temporarily stopped updating satellite 
orbital positions in the system’s naviga-

tion messages in order to help implement 
upgrades in the ground mission segment.

Although the Galileo satellites contin-
ued to transmit navigation signals, the 
generation and uplink of updated naviga-
tion messages will be interrupted for 
about five weeks, beginning January 29. 
As a result, the accuracy of the navigation 
message received by users will slowly de-
grade or, in case of a reset in the satellite 
signal generator, the message content will 
be dummy material, according to ESA. 

The upgrades include enhanced 
operator interfaces, increased access to 
performance data, automation of routine 
operational procedures, and the addition 
of four stations to the ground network.

The number of Galileo Sensor Stations, 
where reference receivers monitor naviga-
tion message quality, will increase from 
12 to 15 worldwide and the number of 
Galileo Uplink Stations from four to five. 
The uplink stations operate in the 5 GHz 
radionavigation satellite band, commu-
nicating corrections to the messages and 
other instructions to the satellites.

BeiDou
China’s satellite navigation program is 
evaluating signals proposed for Phase 
III of the BeiDou Navigation System. 
In a presentation at the 2014 Stanford 
PNT Symposium in October, Professors 
Mingquan Lu and Zheng Yao of Tsinghua 
University introduced candidate struc-
tures: quadrature multiplexed binary offset 
carrier (QMBOC) for the B1C signal and 
asymmetric constant envelope binary off-
set carrier (ACE-BOC) for the B2 signal.

QMBOC modulates BOC(1,1) and 
BOC(6,1) onto two quadrature phases. 
ACE-BOC is a general multiplexing/
modulation technique that allows the 
combination of no more than four signal 
components with any power allocation. 
The candidate signals would replace the 
early plans for BeiDou to transmit mul-
tiplexed BOC (MBOC) at B1, located 
at the same frequency as Galileo E1 and 
GPS L1, and altBOC at B2, which cor-
responds to GPS L5 and L2 and Galileo 
E5a/b frequencies.

Although the authors are university 
professors and not government officials, 
their presentations clearly reflect the 

direction in which research is heading. In 
addition to improved performance, the 
new signal designs will alleviate concerns 
in China about the intellectual property 
rights associated with BOC signal designs, 
which have encountered patent issues. 

According to Lu and Yao, tests indicate 
that QMBOC and time-multiplexed 
BOC (TM-BOC) have comparable 
acquisition and tracking performance, 
while ACE-BOC acquisition and tracking 
performance is improved by 1.8 decibels 
compared with the altBOC signal.

In a presentation at the International 
Committee on GNSS (ICG) in Prague, 
Czech Republic, last November, Chengqi 
Ran, director of the China Satellite Navi-
gation Office, said that four to five new-
generation satellites (middle Earth orbit 
and inclined geosynchronous orbit) will be 
launched in the coming year. Ran added 
that new signals, inter-satellite links, and 
other technologies will also be validated.

GLONASS
Russia launched the second and final 
GLONASS-K1 flight-test satellite on 
November 30 from the Plesetsk cosmo-
drome on board a Soyuz 2-1B rocket. A 
triple launch of GLONASS-M satellites 
is planned early this year.

Built by ISS-Reshetnev, the K1 satellite 
broadcasts five navigation signals in three 
frequency bands – L1, L2 and L3. A civil 
CDMA signal is among those to be trans-
mitted in the L3 band. The spacecraft 
also carries new equipment to support 
the international search and rescue system 
COSPAS-SARSAT: a payload that can 
relay signals from users in distress. 

The spacecraft is based on ISS-
Reshetnev’s Express-1000K satellite 
platform and has an expected mission life 
of at least 10 years. 

The first GLONASS-K1 was sent into 
orbit on February 26, 2011, but launch 
of this second spacecraft experienced a 
series of technical delays. Signals from 
neither K1 satellite have been set healthy, 
suggesting that these are considered es-
sentially flight-test spacecraft.

With a reduced weight of 935 kilo-
grams (2,057 pounds) compared to the 
GLONASS-M’s 1415 kilograms (3,113 
pounds), future GLONASS-K2 launches 

may carry two satellites at a time.
According to a November 10 presen-

tation at the International Committee 
on GNSS, up to nine GLONASS-M 
launches will take place during 2015–16.

Sergey Karutin, head of the PNT 
Information and Analysis Center of the 
Russian Federal Space Agency (Roscos-
mos), told the ICG meeting that further 
launches by Soyuz or Proton will be de-
termined based on “operational necessity.”

Regional Augmentations
In a nod to the usefulness of interna-
tional enhanced Loran (eLoran) systems 
the U.S. Department of Defense (DoD) 
in January began a search for companies 
able to supply some 50,000 eLoran re-
ceivers. Meanwhile a multi-agency team 
continues sketching out the structure of a 
potential U.S. eLoran system for federal 
officials weighing a relaunch of the pro-
gram as a backup to GPS.

Meanwhile, after a delay to reformulate 
the system design, South Korea is moving 
ahead to implement a national enhanced 
Loran (eLoran) system to provide unin-
terrupted positioning, navigation, and 
timing (PNT) services in the wake of 
GPS jamming by North Korea.

Details of the revised South Korean 
eLoran plan came in a presentation to 
the Resilient PNT Forum II on January 
26 in Dana Point, California, by Jiwon 
Seo, an assistant professor in the School 
of Integrated Technology at Korea’s Yonsei 
University who is a member of the eLoran 
Advisory Committee of the Ministry of 
Oceans and Fisheries (MOF). His coau-
thor for the presentation was Jong Cheol 
Lee, deputy director of the MOF Mari-
time Safety Facilities Division. The forum, 
sponsored by the RNT Foundation, was 
colocated with the Institute of Navigation’s 
2015 International Technical Meeting. 

Following three unsuccessful rounds 
of international competitive bidding, the 
Korean government issued a new tender 
last year and in October signed a contract 
with a consortium led by SK Telecom, 
the largest telecommunication company 
in Korea, and Sungkang Telecommu-
nication. The announced budget in the 
tender document for this contract is 
$12,621,667. ION
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