
Center/DLR), PTTI General Chair Ryan 
Dupuis (Excelitas Technologies), and PTTI 
Program Chair Michael Lombardi (NIST). 

Co-location of the two techni-
cal events with one registration fee 
allowed attendees to mingle across 
technical tracks and in a shared 
exhibit hall. Many positioning-
oriented members showed up in 
the PTTI sessions and vice versa, 
producing a symbiotic cross-polli-
nation of speakers and content.

Although GNSS-related top-
ics dominated the ITM technical 
papers, tracks on such subjects 
as “Alternatives and Backups to 
GNSS” and “Multi-Sensor Fusion” 
highlighted the fact that this ION 

Since even before John 
Harrison’s clock, time and 

navigation have been closely 
associated concepts.

The opening plenary at 
this year’s co-located ION 
International Technical Meeting 
(ION ITM 2017) and Precise 
Time and Time Interval Systems 
and Applications Meeting 
(PTTI 2017), took a different 
approach to the subject. In a 
presentation titled “Back to the 
Future: Forecasting Time and Navigation, 
1917 and 2017,” keynote speaker Carlene 
Stephens took her audience back 100 
years to review some of the predictions — 
and their realization or failure — made 
about navigation in the previous century.

For the second year, the event brought 
together the tim-
ing and navigation 
communities in a 
joint meeting that 
grew 10 percent in 
attendance and 20 
percent in exhibitors 
from its inaugural 
effort last year. The 
rich mix of content 
was overseen by ITM 
General Chair Steve 
Rounds (John Deere) 
and Program Chair 
Dr. André Hauschild 
(German Aerospace 
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Spanning 
Space and 
Time

Smithsonian curator Carlene Stephens 
was keynote speaker with a presentation 
reviewing predictions made about naviga-
tion over the past century.

Exploration of Mars  
will occur within  
a decade...

Private ownership of 
cars will be obsolete....

Published 
1956

Robots 
will be 
a part 
of our 
everyday 
lives.

CYBERNETIC INSECT 
NAVIGATION

Draper Project 
Combines 
Navigation, 
Neuromodulation 
to Guide Insects

Engineers at Draper in Cambridge, 
Massachusetts, are creating a new 

kind of hybrid drone by combining 

miniaturized navigation, synthetic biol-
ogy, and neurotechnology in a backpack 
system to guide dragonfly insects. 

In a recent news release, Draper de-
scribed its internal research and develop-
ment project DragonflEye, which it says 
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FROM THE 2015-2017  
OUTGOING PRESIDENT  
DR. DOROTA GREJNER-
BRZEZINSKA

As I reflect on my past two years as ION 
president, I am proud of what we have 

accomplished together. My goals for my term 
as president were threefold: to ensure that ION 
represented technological innovation in our programs, 
to look for means whereby ION can engage young 
professionals in our organization and nurture them 
early in their careers, and to actively seek collaboration 
with other organizations to expand ION’s reach and 
share our mission with other professionals. 

With these goals in mind, I am happy to report 
that the NAVIGATION journal continues to thrive 
and is expanding. ION’s student programs are 
flourishing. Our new Women in PNT initiatives 
have taken root, and I look forward to my continued 
involvement with this valuable program. 

ION’s technical conference programs are strong, 
and have become stronger with the addition of peer-
reviewed tracks at several of our conferences. And — 
dare I say it — ION hosts the best PNT conferences 
in the world! Further, because ION has such a strong 
reputation internationally for our technical confer-
ences, we have enjoyed the pleasure of collaborating 
with other international organizations on a variety of 
events.

ION’s International Representation
I have had the pleasure of representing ION at nu-
merous international events over the past two years. 
I was especially honored to present keynotes at the 
Geomatics Indaba 2015 that was held in Johannes-
burg, South Africa, August 11–13, 2015, and at the 
International Association of Institutes of Navigation 
(IAIN) World Congress 2015, held in Prague, Czech 
Republic, October 20–23, 2015. 

It was a special pleasure and honor to give a key-
note addresses at the International Navigation Con-
ference organized by the Royal Institute of Naviga-
tion, which took place in Manchester, UK, February 
24-26, 2015, and at the International Symposium 
on GNSS which was held December 5-7, 2016 in 
Tainan, Taiwan. 

Geomatics Indaba is one of the largest (if not the 
largest) geomatics-oriented conference in Africa, and 
I have especially fond memories about that meeting 
for many reasons. I have never attended Geomatics 
Indaba before, so I was especially honored that the 
organizers invited me to present a keynote. 

The audience was simply phenomenal — full of 
young people, who were very engaged and asked 
good questions! I especially enjoyed coffee breaks and 
dinners with the African colleagues, as I got to know 
them better, and learned about their research and, 
in particular, the educational and applied work that 
they do with local communities and schools using 
GPS and other geospatial technologies. 

Thank You to Outgoing Officers and  
Welcome to New ION Officers
As I conclude my two-year term of office as ION 
president, I would like to thank all of the ION of-
ficers, member volunteers and the ION National 
Office staff who have engineered ION’s success. I am 
indebted to all of the outgoing Council members, 
who selflessly gave of their time and talents over the 
past two years. I welcome all the recently elected 
and appointed ION officers, who, I am sure, will 
find the time they invest in their volunteer service to 
ION a professionally satisfying experience (see page 
18 for this year’s election results). 

The ION Council had an opportunity to meet 
immediately prior to the start of January’s co-located 
International Technical Meeting (ITM) and Pre-
cise Time and Time Interval (PTTI) Meeting in 
Monterey, California. During the Council meeting, 

PRESIDENT'S COLUMN

Passing the Presidential Gavel

Follow us on 
Facebook and Twitter 
at ionavigation.

Dr. Dorota  
Grejner-Brzezinska 
presents Dr. John 
Raquet with the 
presidential gavel.
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Council approved the ION’s technical 
co-sponsorship of the Royal Institute of 
Navigation’s (RIN) 2017 International 
Navigation Conference (INC), taking 
place November 28–30, 2017. 

The Council also reviewed the audited 
financial statements and auditor commu-
nications from fiscal year 2015-2016 and 
approved the budget for fiscal year 2017-
2018. Council members were advised of 
a recently adopted Conflict of Interest 
Statement for Peer Review of Conference 
Papers and reviewed ION’s member-
ship and meeting statistics. Council also 
reviewed the status and activity of its local 
sections, the progress of the SDR Meta-
data Standards group, approved the 2016 
annual award winners and inducted three 
new Fellows to the Institute. 

Congratulations to Team 'OTTO XL'
I would like to congratulate the students 
from Case Western Reserve University, 
who recently won the ION Satellite 
Division’s seventh annual ION Au-
tonomous Snowplow Competition, held 
January 26-29 during the Saint Paul 
Winter Carnival in St. Paul, Minnesota. 

The competition challenged teams to 
design, build, and operate a fully au-
tonomous snowplow 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, to all of the lo-
cal North Star Section members who pro-
vided support, and to the industry spon-
sors of the event. The fact that the event 
is receiving widespread news coverage is 
a testimonial to the quality of innovation 
present. The Spring ION Newsletter will 
provide full coverage of the event. 

Passing of the Torch
It is with great confidence that, at the 
conclusion of my term of office, I passed 
the presidential gavel to Dr. John Raquet 
(The Air Force Institute of Technology) 
who will serve as ION president for the 
next two years. I am confident that the 
ION will continue to thrive under his 
leadership, as I look forward to my con-
tinued involvement with ION for many 
years to come.

FROM THE 2017-2019  
INCOMING PRESIDENT DR. JOHN RAQUET

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

with outgoing president, Dr. Dorota 
Grejner-Brzezinska, the ION Council, 
members of the Satellite Division Execu-
tive Committee, and numerous volun-
teers in many ION programs. 

I plan to continue the initiatives 
well underway, will strive to further the 
success of ION, and will continue to 
evaluate what we need to do to ensure 
ION remain the premiere organization 
for positioning, navigation and timing 
professionals. Specifically, my goals for 
my two year term as president include:

• Focusing on new technologies to be 
represented in ION programs, with an 
emphasis on autonomous systems.

• Fostering the next generation of ION 
leadership.

• Collaborating with the Publications 
Committee to increase NAVIGA-
TION’s impact factor.

• Determining the role and scope that 
ION’s ethics policy should play in the 
membership.
I look forward to serving the Institute 

as president over the next two years, and 
will enjoy working with all the ION’s of-
ficers and the ION’s professional staff. ION
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event is different than the annual ION 
GNSS+ and looks more broadly at all 
positioning and navigation technologies.

Stephens, the curator in the Division 
of Work and Industry for the Smith-
sonian National Museum of American 
History, is already well-known to many 
ION members. She was one of the four 
curators for a major Smithsonian per-
manent exhibition, “Time and Naviga-
tion: The Untold Story of Getting From 
Here to There,” which opened in 2013. 
The Institute of Navigation was an early 
supporter of the venture, providing seed 
money for the exhibit in 2006.

At the ITM/PTTI 2017, held in Mon-
terey, California, Stephens had a different 
mission: “I wanted to see if those past 
predictions tell us anything about how we 
are viewing the future of navigation and 

time today.” In effect, she was revers-
ing the exercise undertaken by an ION 
GNSS+ 2016 panel discussion, “Naviga-
tion 2026,” in predicting the shape of art 
and science 10 years hence.

Among current navigation-related pre-
dictions, Stephens mentioned Elon Musk’s 
recent forecast that exploration of Mars 
would occur within a decade, Ford’s plan 
to be “mass producing vehicles capable 
of driving fully autonomously within five 
years,” and the expectation of John Zim-
mer, president of ride-sharing service Lyft, 
that “By 2025, private car ownership will 
all but end in major U.S. cities.”

As for time-related predictions, she 
cited a 2016 press release from Germany’s 
Physikalisch-Technische Bundesanstalt 
about the base metric of time in the 
International System of Units (SI), “It is re-
garded as certain that a future redefinition 

of the SI second will be based on an optical 
atomic clock.” And, indeed, a PTTI 2017 
session focused on “Optical Clocks and the 
Eventual Redefinition of the SI Second.”

In contrast to today’s forward-looking 
visions for advanced technologies, the 
historical context of scientific predictions 
in 2017 — when fortune-telling was 
against the law in some states — took 
place at the dawn of modern aviation 
and widespread adoption of automobiles. 
On the timing front, daylight savings 
time was introduced into the United 
States after Congress overrode President 
Woodrow Wilson’s veto of the measure. 
About then, Einstein was positing his 
somewhat ambivalent prediction about 
the existence of gravitational waves in 
space-time, a phenomenon that scientists 
first directly observed only in 2015. 

Stephens quoted author and futurist 

ION ITM/PTTI 2017

ION ITM/PTTI 2017  continued from page 1
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H. G. Welles comments in a Saturday 
Evening Post article, “Prophecy may vary 
between being an intellectual amusement 
and a serious occupation; serious not only 
in its intentions, but in its consequences. 
For it is the lot of prophets who frighten 
or disappoint to be stoned.” 

Welles himself had escaped such a 
fate, despite his 1901 statements, “I do 
not think it at all probable that aeronau-
tics will ever come into play as a serious 
modification of transport and commu-
nication,” and, “I must confess that my 
imagination refuses to see any sort of 
submarine doing anything but suffocat-
ing its crew and floundering at sea.”

Welles partly redeemed himself four 
years after the Wright Brothers first 
flight, observing that “Sometimes very 
smart people are very wrong about the 
future.” He went on to pen the 1907 

visionary novel, “The War in the Air,” 
that anticipated the crucial role of aerial 
combat in future conflicts. Welles’ predic-
tion was echoed in Winston Churchill’s 
1914 comment that “[N]othing but the 
supreme stimulus of war considerations, 
and nothing but the large and generous 
flood of money which the taxpayer can 
provide, will carry aviation forward to the 
foremost place in the world.”

Stephens left her audience with a final 
thought, quoting Dennis Gabor, the 
1971 Nobel laureate in physics, “The 
future cannot be predicted, but futures 
can be invented.”

Time Is Money
One of the most well-attended sessions 
at the ION ITM/PTTI 2017 meeting 
was “Time is Money: The Role of PTTI 
in the Financial Sector,” cochaired by Dr. 

Elizabeth English, UK National Physi-
cal Laboratory (NPL), and Dr. Marina 
Gertsvolf, National Research Council 
(NRC) of Canada. The topic reflects the 
rapid expansion of precise time applica-
tions from telecommunications into 
other critical infrastructures such as 
financial networks and power grids. 

The session was particularly timely as 
the U.S. Securities and Exchange Com-
mission (SEC) has adopted Rule 613, 
which will take effect in 2018. The rule 
will require institutions in the nation’s 
investment community to “create a 
comprehensive consolidated audit trail 
that would allow regulators to efficiently 
and accurately track all activity through-
out the U.S. markets in National Market 

ION ITM/PTTI 2017

"Sometimes very smart people are  
very wrong about the future." 

H.G. WELLS
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Congratulations ION Annual Award Recipients

EARLY ACHIEVEMENT AWARD
In recognition of outstanding 
contributions made early in one’s career.

Dr. Pau Closas
For mathematically profound 
contributions to the design of 
advanced navigation receivers and 
for efforts in disseminating GNSS 
technology. 

SUPERIOR ACHIEVEMENT AWARD 
For outstanding accomplishments as a 
practicing navigator.

Captain Christopher 
Wright 
For superior navigation skills in the 
face of grave and persistent danger 
which led his aircraft and crew to 
execute critical strikes against ISIL.

DISTINGUISHED PTTI SERVICE AWARD
To recognize outstanding contributions 
related to the management of Precise  
Time and Time Interval systems.

Dr. Steven Jefferts 
For significant contributions to the 
design and development of cesium 
fountain primary standards, and 
leadership in bringing this technology 
to the international metrology 
community. 

NORMAN P. HAYS AWARD
In recognition of outstanding 
encouragement, inspiration and support 
contributing to the advancement of 
navigation.

Larry D. Hothem
For sustained and outstanding 
contributions to the advancement 
of navigation, and exceptional 
encouragement, inspiration 
and mentoring offered to PNT 
professionals worldwide.

CAPTAIN P.V.H. WEEMS AWARD
For continuing contributions to the art  
and science of navigation.

Charles Phillip Bruner
For nearly five decades of 
contributions to the advancement of 
navigation including leadership of the 
team that developed the LN-90 series 
of strapdown inertial navigators.

TYCHO BRAHE AWARD
To recognize outstanding contributions 
to the science of space navigation, 
guidance and control.

Dr. Michael C. Moreau
For pioneering engineering research 
advancing space navigation, and 
outstanding technical leadership and 
advocacy extending the utility of GPS 
to the edges of cislunar space.

DISTINGUISHED SERVICE AWARD
For extraordinary service to The Institute 
of Navigation.

Dr. Dorota 
Grejner-Brzezinska
For extraordinary service to The 
Institute of Navigation.

THOMAS L. THURLOW AWARD
In recognition of outstanding 
contributions to the science of 
navigation.

Dr. Paul D. Groves
For significant contributions and 
innovations to advance robust 
positioning and navigation 
technology.
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ION's 2017 Fellows
The Fellows designation recognizes the distinguished contribution 
of ION members to the advancement of the technology, 
management, practice, and teaching of the art and science of 
navigation, and/or for lifetime contributions to the Institute.

Dr. Sam Pullen  For sustained contributions to GPS 
integrity and the Ground Based Augmentation System. 

Tim Murphy  For significant and sustained 
contributions to navigation technology and its application 
to civil aviation. 

Dr. Naser El-Sheimy  For major contributions to the 
development, dissemination and commercialization of 
integrated navigation system technology and for significant 
educational impact on the next generation of navigation 
professionals. 

ION ITM/PTTI 2017

DR. SAMUEL M. BURKA AWARD
To recognize outstanding achievement in the preparation of a 
paper contributing to the advancement of the art and science of 
positioning, navigation and timing.

Yu Jiao, Dongyang 
Xu, Dr. Yu Morton  
and Dr. Charles L. 
Rino 
For their paper, “Equatorial 
Scintillation Amplitude 
Fading Characteristics 
Across the GPS Frequency 
Bands” published in 
the Fall 2016 issue of 
NAVIGATION, Journal of 
The Institute of Navigation, 
Vol. 63, No. 3, pp. 267-281.

Yu Jiao

Dr. Yu Morton

Dongyang Xu

Dr. Charles Rino

System (NMS) securities.” Among other mandates, the rule 
will require self-regulatory organizations and their members to 
synchronize the business clocks they use to record the date and 
time of any reportable event, and require timestamps for each 
reportable event to the central repository to be in millisecond 
or finer increments.

In Europe, revisions to the 2004 Markets in Financial In-
struments Directive (MiFID), which provides for harmonized 
regulation of investment services across the 31 member states 
of the European Economic Area, also takes effect next year and 
requires that trading venues and members/participants syn-
chronize their clocks to Coordinated Universal Time (UTC).

Leading off the presentations, Elisa Arias, with the Paris-
based International Bureau of Weights and Measures (BIPM), 
addressed “Time Traceability: a Challenge for the Financial 
Sector.” Companies and organizations involved in financial 
systems need to know the precise time of the execution of a 
transaction and the order of the execution of a succession of 
transactions, Arias said. In turn, this requires clock synchroni-
zation, including time stamps synchronized to UTC, as well as 
accuracy with a maximum limit on the divergence from UTC. 

The financial sector “needs to demonstrate an unbreakable 
chain in the dissemination of time” from the SI second estab-
lished by primary atomic clocks with an accuracy of 10–16 
second to UTC/BIPM to national metrology institutes (such 
as the U.S. National Institute of Standards and Technology) to 
the application at banks, stock brokerages, and so forth, Arias 
said. End user accuracy requirements for time vary from a 
second to nanoseconds.

Dr. Gertsvolf described how the NRC provides secure, 
traceable time to “remote clocks” in which a typical NRC 
configuration consists of a high-quality rubidium frequency 
standard, a GPS receiver, a time interval counter, a control 
computer, and several auxiliary systems at both the remote 
sites and the NRC main lab. Dr. English reported on advances 
in her organization’s NPLTime service that will support secure, 
precise time dissemination over secure fiber-optic links to loca-
tions outside the London area. ION

Thanks to ION ITM/PTTI 2017 Program Committee

Dr. André Hauschild, ITM Program Chair; Michael Lombardi,  
PTTI Program Chair; Dr. Dorota Grejner-Brzezinska, ION 
President; Ryan Dupuis, PTTI General Chair; and Steve Rounds, 
ITM General Chair.
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FROM THE ION HISTORIAN, MARVIN MAY

Navigating Land and Sea 
with Four U .S . Presidents
A knowledge and appreciation for the art and 

science of navigation may not be necessary 
qualifications for the United States presidency, but 
several of our presidents have distinguished histories 
in related areas. 

George Washington, Land Surveyor  
(1732–1799); first president, (April 30, 1789 – 
March 4, 1797)

George Washington was a skilled surveyor for over 
30 years before he became the nation’s first president 
in 1789. Washington’s father died suddenly in 1743 
when George was 11 years old, leaving him and his 
mother a modest plantation along the Rappahannock 
River in Northern Virginia. 

Tobacco farming was not suited to the mathemati-
cally inclined and ambitious young Washington. 
His half-brother Lawrence, who inherited a more 
extensive plantation encompassing Mount Vernon, 
suggested that George become an officer in the 
British navy, but George’s mother rejected that idea. 
Instead, he trained as a land surveyor, a profession in 
high demand in Virginia, where colonial settlement 
was pushing rapidly into the Shenandoah Valley and 
western parts of the state. 

Lawrence Washington was related by marriage to 
the socially prominent Fairfax family and the richest 
man in Virginia, Thomas Fairfax, Baron Cameron. 

Lord Fairfax became George Washington’s lifelong 
patron and friend. When Washington was 16, in 
1748, Fairfax asked him to help on a monthlong 
surveying trip to the Blue Ridge Mountains frontier. 

The surveying party slept in the open air and 
traveled on horseback, worked hard measuring the 
land and making accurate maps. Washington kept a 
journal and mentions one occasion “when we were 
agreeably surprized at ye sight of thirty odd Indians 
coming from war with only one scalp.” The surveying 
party and the Indians shared food, liquor, and danc-
ing. Washington’s notations about the expedition 
foreshadowed a more elaborate published journal 
in the 1750s, Washington’s relationship with Native 
Americans, and his pivotal military role in the French 
and Indian Wars. 

When the trip was finished, Lord Fairfax was 
pleased with the maps that Washington had made 
and soon others were asking him to perform surveys. 
Thanks to the recommendation of Fairfax, George 
Washington became the official surveyor of Culpep-
per County in 1749 at the age of 17 and served until 
November 1750. During that time, he also surveyed 
and mapped land in Frederick, Hampshire, and 
Augusta counties. For two more years, he continued 
to survey the northern neck of Virginia and he is 
credited with 199 professional surveys. 

Starting in 1752, Washington became involved in 
land speculation, as many surveyors did. For the next 
50 years, Washington sought out land, purchased it, 
and eventually settled or sold the properties. Land 
speculation was much more profitable than survey-
ing. In his will, Washington listed over 52,000 acres 
that he had obtained that would either be sold or 
distributed. He owned property in Virginia, Penn-
sylvania, Maryland, and New York colonies as well as 
Kentucky and the Ohio Valley. 

Teddy Roosevelt, Naval Strategist (1858-1919); 
26th president, September 14, 1901–March 4, 1909

On its website, the Theodore Roosevelt Associa-
tion goes into detail about the 26th president’s influ-
ence on naval strategy: 

“Theodore Roosevelt was among his era’s most 
influential naval strategists, who thought about the 

1748 Map of the 
site of Belhaven 
(Alexandria), Vir-
ginia, by George 
Washington
Smithsonian

Marvin B. May
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ION HISTORIAN

overall planning for the U.S. Navy, its 
use as a military and diplomatic force, 
and the movement and disposition of the 
Navy’s assets. For decades, he strove tire-
lessly to transform the Navy into a highly 
capable instrument of an ambitious agen-
da to turn the U.S. into a great power. 
He made his first contribution as a young 
amateur historian in the early 1880s and 
continued to influence U.S. naval strategy 
right up to his death in 1919. 

“As an undergraduate student at 
Harvard, Roosevelt started a serious study 
of the naval aspects of the War of 1812 
using official papers and other original 
documents. He completed two chapters 
of what became The Naval War of 1812 
while still at Harvard and finished the 
book in 1882 at age 24 — in time for 
the 70th anniversary of the then-obscure 
war’s start. 

“Roosevelt’s ambitious book redirected 
scholarship about the war in several ways. 
He brought it prominence. He focused 
attention on the exploits of naval of-
ficers, most notably in frigate battles 
on the Atlantic and small boat heroics 
on the Great Lakes. Most importantly, 
Roosevelt started to articulate a theory 
that America’s greatness depended on the 
robust deployment of sea power. This vi-
sion caught the attention of Rear Admiral 
Stephen B. Luce and Captain Alfred 
T. Mahan, two important naval leaders 
and strategists whose own efforts would 
influence generations of diplomatic and 
military leaders. 

“As Assistant Secretary of the Navy in 
the feverish days following the sinking 
of the U.S.S. Maine in 1898, Roosevelt 
found opportunities to apply his theories. 
As acting secretary for only a few hours, 
he mobilized the navy for war with Spain. 
He ordered supplies and ammunition, 
sought support from Congress to recruit 
more sailors, and ordered the North 
Atlantic and Asiatic Squadrons to prepare 
for war. 

“Roosevelt’s aggressive actions set in mo-
tion the machinery that soon would lead 
to the conquest of Cuba, Guam and the 
Philippines. By that time, Roosevelt him-

self had assembled the Rough Riders and 
joined the land war in Cuba. As the 26th 
and youngest president, Roosevelt strove 
tirelessly to develop the navy as the ‘big 
stick’ of an increasingly ambitious U.S. for-
eign policy. Roosevelt deployed naval assets 
to cultivate American power, including in 
1903, when he sent naval vessels to ensure 
that Panama would secede from Colombia 
— paving the way for the Panama Canal, 
which enabled the US Navy to concentrate 
its battle fleets quickly. 

“Shortly thereafter, he earned a Nobel 
Peace Prize by successfully mediating the 
end of the Russo-Japanese War in 1905 at 
the Portsmouth Navy Yard with the deft 
support of key Navy assets. Roosevelt’s 
deployments culminated in the cruise of 
the Great White Fleet, 16 battleships of 
the Atlantic Fleet that sailed around the 
world between December 1907 and Feb-
ruary 1909 — sending a clear signal that 
the US had global reach and ambitions. 
Roosevelt’s legacy as a naval strategist 
is linked closely to the rise of the U.S. 
as a great power. More than any other 
individual, he was responsible for creation 
of the modern, blue-water U.S. Navy and 
its deployments to promote an ambitious 
foreign policy — in the Caribbean, Asia 
and ultimately in Europe.”

Franklin D. Roosevelt, Sailor and 
Seafarer (1882-1945); 32nd president, 
March 4, 1933–April 12, 1945 

FDR served as assistant secretary of the 
Navy from 1913 until 1920 and helped 

to implement Navy policies during World 
War I. He was sent to Europe to inspect 
bases and negotiate naval contracts and 
surplus material. One of FDR’s biggest 
accomplishments during that war was 
convincing the British to mine the North 
Sea, which effectively slowed German 
U-boats. 

He was an avid sailor and the waters of 
New England were his stomping grounds. 
A book called Sailor in the White House 
details his sailing activities indicating he 
definitely sailed quite a bit more than 
his handicaps due to polio might have 
implied. According to the book, FDR 
logged over 110,000 miles while presi-
dent of the United States. He would take 
weeklong cruises in all different parts 
of the world and was sometimes out of 
touch with the White House and the 
Secret Service for hours.

The presidential yacht Potomac, the 
“Floating White House,” was the scene 
of many informal meetings, diplomatic 
events and at least one memorable trick. 
On August 3, 1941, FDR secretly trans-
ferred to a navy cruiser to meet Winston 
Churchill while the Potomac continued 
on a decoy trip in another direction. 
The two leaders developed the Atlantic 
Charter at sea, outlining the goals of the 
postwar era.  

United States Master Commander Mac-
donough’s victory against the British on 
Lake Champlain, 1814. U.S ships Saratoga 
and Eagle meet the British flagship Confi-
ance. Watercolor by Edward Tufnell 
Courtesy of the Navy Art Collection, Washington, D.C.
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Roosevelt was an accomplished naviga-
tor and a true sailor. His handicap drew 
him even closer to sailing as it was a place 
where his paralysis was less disabling. He 
was quoted as saying: “To reach a port we 
must set Sail — Sail, not tie at anchor-
Sail, not drift.”  

Roosevelt made the New Deal but 
he was the Real Deal when it came to 
sailing! 

ION HISTORIAN

FDR sailing to 
Campobello, 
1933. Image 
from Roos-
evelt Campo-
bello Interna-
tional Park 
Wikimedia 
Commons

John F. Kennedy and family on his sailboat Victura at Cape Cod. 
Courtesy of the John F. Kennedy Hyannis museum)

John F. Kennedy, Sailor and Ship-
mate (1917–1963); 35th president, Janu-
ary 20, 1961–November 22, 1963

JFK loved to sail and he made it abun-
dantly clear that sailing was his favorite 
pastime. He was a serious racer from the 
time he was a teenager, often winning in 
a number of the famous East Coast sail-
ing club competitions.

As a naval officer during World War 
II, Kennedy commanded a patrol boat, 
PT-109, and rescued his crew after a 

Japanese destroyer cut their boat in two 
off the Solomon Islands in 1943. He was 
awarded the Navy and Marine Corps 
Medal, as well as the Purple Heart, for his 
heroic actions.

When he became the 35th president 
at age 43, he sailed a gorgeous 62-foot 
Sparkman & Stephens yacht named 
Manitou that was fully equipped to 
handle both heavy weather and presiden-
tial business. Kennedy loved Manitou but 
she required a substantial crew; so, it was 
his smaller and more manageable Victura 
that he held closest to his heart. Victura 
was a 25-foot Wianno Senior gaff rigged 
sloop that he had had since he was 15. 
She was a simple day sailor that he sailed 
often and even taught Jackie to sail on. 

The New Yorker magazine wrote that the 
day before he was shot in Dallas, he doo-
dled a drawing of a small sloop, sleek on a 
full keel, on a piece of hotel note paper.

Kennedy loved the water and was no 
doubt the most famous sailing ambassa-
dor in political history. In a 1962 speech, 
he said “I really don’t know why it is that 
all of us are so committed to the sea, 
except I think it is because in addition to 
the fact that the sea changes and the light 
changes, and ships change, it is because 
we all came from the sea. And it is an in-
teresting biological fact that all of us have, 
in our veins the exact same percentage of 
salt in our blood that exists in the ocean, 
and, therefore, we have salt in our blood, 
in our sweat, in our tears. We are tied to 
the ocean. And when we go back to the 
sea, whether it is to sail or to watch it, we 
are going back from whence we came.” 
The following web sites were liberally used 
to prepare this article:
 <http://www.theodoreroosevelt.org/

site/c.elKSIdOWIiJ8H/b.8344389/
k.75CD/The_Naval_Strategist.htm>

 <https://asa.com/news/2016/02/15/2-
presidents-day-sailors>

 <www.georgewashington.si.edu/kids/
activity4.html>

Marvin B. May is the Chief Navigation Tech-
nologist for Pennsylvania State University’s 
Applied Research Laboratory Navigation 
R&D Center. His email is <mbm16@arl.psu.
edu>. ION
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Innovative advances in technology always seem to 
outpace regulatory and policy development, and 

the fast paced race to automation is no exception. 
How to address issues of security, public safety and 
privacy are just a few examples of the regulatory and 
policy challenges to be addressed as autonomous 
vehicle operations become commonplace in today’s 
technology dependent society. 

One example of how autonomous vehicles can 
deliver entertainment was demonstrated during the 
February 5, 2017 Super Bowl LI halftime show. 
The opening prerecorded scene from the roof of 
the Houston Stadium involved a choreographed 
lightshow with 300 IntelR Shooting StarTM drones 
synchronized to Lady Gaga singing “God Bless 
America” and “This Land is Your Land.” 

Intel’s Shooting Star drones had been used in 
November 2016 to set a Guinness World Record 
with 500 drones airborne simultaneously, but just six 
days after the Super Bowl event, on February 11th 
a 1000 drone performance was used to celebrate 
the end of the Chinese New Year in the city of 
Guangzhou located in southern China. Like Intel's 
display, the Chinese drones were fitted with LED 
lights and were controlled by a single computer, with 
pre-programmed routes.

Obviously multi-drone operations is growing 
exponentially and will undoubtedly have numerous 
economic benefits and advantages. However, a swarm 
of drones in the wrong hands could wreak havoc on a 
populated area. 

Not only must the government ensure decon-
fliction and harmony of drones operating in the 
National Airspace System, it also is responsible for 
development of policy and regulations addressing 
the ability to counter or terminate drone operations 
when they are being employed with hostile intent 
by those seeking to do harm or prompt a particular 
public reaction. 

FAA Regulation
In accordance with security and safety requirements, 
the Super Bowl lightshow was prerecorded to be 
compliant with a Federal Aviation Administration 
(FAA) regulation that imposed a 34-mile radius “No 
Drone Zone” around the stadium from 4 p.m. to 
11:59 p.m. on game day. 

The FAA’s Part 107 regulation for non-hobbyist 
small unmanned aircraft (UAS) drones weighing less 
than 55 pounds already states that drones can’t be 
operated over people, and that the FAA can impose a 
“No Drone Zone” around areas of interest, as was the 
case for the Super Bowl stadium. 

A similar “No Drone Zone” restriction has been 
in place in the National Capital Region surrounding 
Washington, DC, for a number of years. Violators 
who operate drones in these areas are subject to 
significant criminal fines and imprisonment because 
of the threat such operations could pose to the many 
sensitive government facilities in that concentrated 
area. 

On the other hand, Part 107 also identifies drones 
as “Aircraft”, and in a strict interpretation of the 
rules, one could argue that it gives them the same 
status as manned aircraft with their operators being 
recognized as “aircrew”. It has been suggested that 
this status could be problematic for law enforcement, 
and similarly presents a host of challenges to policy 
makers who might take steps to down a drone that is 
operating legally but simply strayed into a no fly area. 

We should note that such regulatory restrictions 
may be effective in controlling drone operations by 
“honest, law-abiding people,” but at the same time 
they provide absolutely no deterrent to those with 
ulterior motives or hostile intent. 

In attempts to define no fly areas for drones, man-
ufacturers of drone software have implemented em-
bedded geo-fencing restrictions. However, as noted 
above, such restrictions are only effective in keeping 
law abiding operators honest, and the software can 
be easily defeated by anyone seeking to eliminate the 
geo-fencing restrictions for hostile purposes.

Defense Matters

Challenges of PNT-Enabled Autonomy
(Dealing with Hostile Intent)

Doug Taggart
President
Overlook 
Systems 
Technologies, Inc.

Regulatory restrictions may be 
effective in controlling drone 
operations by “honest, law-abiding 
people,” but at the same time they 
provide absolutely no deterrent 
to those with ulterior motives or 
hostile intent.
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Clearly the world is beginning to 
experience a dramatic transformation 
from these small, relatively inexpensive 
and widely available devices that can be 
networked together and preprogrammed 
to communicate with each other to carry 
out very complex missions. 

By further example, in the fall of 2016 
the Department of Defense released a 
video of a test of swarming drones con-
ducted in the skies over the US Navy's 
test range at Naval Air Weapons Station 
China Lake in California (available online 
at <https://arstechnica.com/information-
technology/2017/01/dod-successfully-
tests-terrifying-swarm-of-104-micro-
drones>). In this test three FA-18 Hornet 
aircraft dispersed 104 Perdix micro-
drones from onboard flare dispensers. The 
drones then communicated with each 
other, swarmed, and performed a series of 
designated "missions"— including finally 
swarming in a circle around a designated 
point on the ground.

Meeting the Challenge
The immediate policy and technol-
ogy challenge is how to respond to and 
control such devices if they are being 
operated in an unauthorized manner, 
in an area that is designated as a no-fly 
zone, or if they are being employed as a 
weapon of terror.

Although there are some touch points 
to potentially break into the operations 
of autonomous vehicles, a foundational 
component of their ability to operate 
independently is how they employ posi-
tioning, navigation, and timing (PNT) 
capabilities. The problem gets more 
complicated when the vehicles employ 
self contained positioning sources such as 
cameras, radar, lidar and odometry.

Looking beyond the aviation challeng-
es, the building blocks for autonomous 
operations of surface vehicles and water 
craft are also gaining increased attention 
by manufacturers and by the public. As 
is the case with aviation, each of these 

advances carries its own set of regulatory 
and policy situations to be confronted 
and threats to be countered.

Finally, and perhaps most significantly, 
we must consider the autonomy implica-
tions posed by the emerging and rapidly 
evolving Internet of Things (IoT). 

The IoT employs networked, PNT-
enabled capabilities to connect machines, 
vehicles and people and communicate via 
short range (WI-FI, Bluetooth) or cellular 
networks to autonomously exchange 
information and coordinate myriad 
activities. 

These fundamentally autonomous 
capabilities for devices on the land, sea 
and air provide many potential benefits 
to society but also poses significant 
challenges when considering the 
unanticipated threats that can arise 
should “trusted” autonomous services 
be co-opted for malicious or hostile 
purposes.  ION
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CONGRESSIONAL FELLOW REPORT

Location: Capitol Hill
Kyle Wesson

As the 2016–2017 Institute of Navi-
gation Congressional Fellow, I am 

pleased and honored to 
write the first of several 
newsletter columns for 
the ION Newsletter! My 
goal is to offer insight 
into the workings of 
Capitol Hill that are 
relevant to the PNT 
community and to 

motivate other ION members to engage 
in policy.

Each year, the Institute selects a fel-
low who spends a year in Washington, 
D.C., evaluating technology policy and 
providing scientific guidance for poli-
cymakers in the U.S. House or Senate. 
This is a remarkable opportunity for an 
ION member to offer his or her technical 
expertise in service to our country and 
to gain first-hand experience in the oft-
opaque world of policy. In return, fellows 
serve as a voice for the PNT community 
in policy discussions, ensuring that the 
Institute and our community are repre-
sented during the process. As I heard at 
the beginning of my fellowship, “If you’re 
not at the table, you’re on the menu.”

My fellowship began in September 
with an orientation organized by the 
American Association for the Advance-
ment of Science (AAAS) that runs the 
fellowship program for the approximately 
30 Congressional and 150 Executive 
Branch Fellows selected each year. I 
enjoyed meeting fellows from all varieties 
of technical backgrounds and profes-
sional societies — the 2016-2017 class of 
Congressional Fellows includes doctors of 
physics, math, sociology, veterinary medi-
cine, psychology, and engineering.

Our three-week orientation began with 
an overview of the U.S. government that 
quickly delved into its complexities and 
subtleties. The roster of speakers was first-
rate and included former fellows, profes-

sors, civil servants, and lawyers, all with 
years of D.C. experience and know-how. 
A few of my favorite speakers included 
the director of the White House Office of 
Science and Technology Policy, Dr. John 
Holdren; Representative Louise Slaughter 
(D-NY); the Wall Street Journal Chief 
Economics Commentator, Mr. Greg Ip; 
and the CEO of AAAS and former U.S. 
Representative, Dr. Rush Holt. 

Our speakers often discussed what the 
(now-ongoing) presidential transition 

would mean for our fellowship experience 
and what we could expect to happen in 
our various agencies and offices. A take-
away for me was the sentiment that “there 
is no leader for all seasons.”

Following orientation, fellows con-
tacted Congressional offices to schedule 
interviews. The Institute urges the fellow 
to find their own best fit and does not 
place any restrictions on office placement 
or policy. I reached out to two dozen of-
fices and interviewed in about a dozen in 
the House and Senate for both the major-
ity and minority parties. 

Lessons from orientation again proved 
correct: each office had its own feel, pace, 
interests, and concerns, and it was only 

After Policy Fellowship, Some Decide  
to Become the Policymakers
13 January 2017 | Kathleen O'Neil

You may be familiar with media reports 
about the dearth of scientists in public 

office. In the current U.S. Congress, 
only two members have a science Ph.D. 
However, several former American 

Association for the 
Advancement of Science 
(AAAS) Science & 
Technology Policy Fellows 
recently bucked that 
trend and ran for office 
in 2016. They encourage 
STPF fellows and other 
scientists and engineers to 

consider running for office as an important 
way to engage with the public on issues of 
concern to all.

“Not everyone will be 
good at bridging both 
worlds,” of science and 
public engagement, “but 
we need to, because 
science is under attack,” 
said John Plumb, a 
2004-2005 Legislative 
Fellow sponsored by the 
Institute of Navigation 
and former Naval officer. 
In November, Plumb 
ran for a U.S. House of 
Representatives seat to represent a district 
in upstate New York.

“I was just so sick of the dysfunction at 
the federal level,” he said. While he lost 

the election, Plumb considers it a good 
campaign because he successfully carried 
out his plan, and it gave him a chance to 
discuss issues that affect his region and the 
nation including the opioid addiction crisis.

“As a scientist and engineer, I was 
surprised at how hard it was to capture and 
utilize data” to target his resources on voters 
that he could sway or turn out, Plumb said. 
“Also, you need to be prepared for how 
personally expensive it is to run. I basically 
drained my life savings running, because 
you have to pay for your house, your car, 
and your meals, and you can’t do that 
through your campaign.”
Reprinted with Permission from: <https://
www.aaas.org/news>, January 13, 2017.

Editor’s Note: John Plumb was the ION 
Congressional Fellow during the 2004–5 
Congressional session.
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through the interview process that the 
right fit and feel became obvious. One 
fact that stood out was how much indi-
vidual state interests matter to each office. 
Anyone interviewing in a Congressional 
office should be able to answer the ques-
tion “how can you help our state?”

During my fellowship I am pleased to 
be supporting the Office of U.S. Sena-
tor Richard Blumenthal (D-CT). The 
Senator serves on several committees 
with strong ties to my PNT expertise, 
including the Committee on Commerce, 
Science, and Technology, the Committee 
on Armed Services, and the Committee 
on Judiciary. In addition, he has strong 
interests in aviation, communications, 
defense, transportation, and consumer 
protections. 

The senator’s staff is a tight-knit and 
hard-working team. The legislative direc-
tor leads a legislative team of a dozen 
staffers of which I am a part. In addition, 
the office has a communications and 
media group who write news releases, 
manage social media, and conduct 
research; a chief of staff and core support 
group for the senator who strategize and 
schedule; and a general counsel to handle 
legal affairs. Fellows — including legal, 
military, and health fellows hailing from 
other fellowship programs — work across 

multiple policy portfolios and receive 
treatment just like the full-time staffers, 
Blackberry and all. 

In no way is the Senator’s office siloed 
— if you have any expertise, you’ll be 
asked to contribute, no matter your 
primary role. It’s a fast-moving environ-
ment with no end of work, challenges, or 
variety. Everyone has a TV at their desk 
tuned to various Senate or news networks 
all day — I never thought before that I 
would find C-SPAN so captivating! 

In my first three months, I have as-
sisted on a range of legislative issues 
regarding transportation, cyber security, 
GPS navigation, telecommunications, 
and automated vehicles. These have taken 
the form of letters, internal memos, brief-
ing materials, emails, and many, many 
meetings with stakeholders.

Turning to the 115th Congress that 
was sworn in on January 3, 2017, Senate 
bills numbered S.1–5 and S.6–10 are 
traditionally reserved for the majority and 
minority parties, respectively, to indicate 
their own priorities for that Congress. 
Look for them to be introduced soon. 
Specific to GPS, look to see if a bill 
similar to H.R. 5978 from the 114th 
Congress is reintroduced in the House. 
The bill would have established an eLoran 
backup to GPS under the Coast Guard’s 

purview. To locate, view, and track 
bills, check out Congress.gov for more 
information.

I want to thank my colleagues, friends, 
and family as well as the Institute, all of 
whom encouraged and supported me as I 
considered, applied for, and embarked on 
this fellowship. I look forward to keeping 
you abreast of my experiences on the Hill 
and hope that I can help anyone in the 
PNT community as best I can should you 
need assistance. Please feel free to contact 
me directly should you have any interest 
in the fellowship or questions regarding 
policy under consideration in Congress.
 Kyle Wesson, Ph.D.
 2016-2017 Institute of Navigation 

Congressional Science and Technology 
Policy Fellow

 Office of U.S. Senator Richard 
Blumenthal

 706 Hart Senate Office Building
 Washington, DC 20510
 (202) 224-2823
 kyle_wesson@blumenthal.senate.gov 

ION

Dr. Kyle Wesson received his PhD in electri-
cal and computer engineering from The 
University of Texas at Austin. He worked for 
Zeta Associates supporting the FAA’s Wide 
Area Augmentation System. 
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Updated Coordinates for Australia 
Now Line Up with GNSS
Australia’s coordinates have been 

moved 1.8 meters — nearly six feet 
— northeast, following the first update 
to the country’s coordinate system since 
1994. The new coordinates are based on 
the projected position of the Australian 
continent in 2020, which means they are 
currently offset from GNSS earth-fixed 
coordinates by 21 centimeters. 

Because of its location — within the 
“footprint” of BeiDou GEO and inclined 
geosynchronous orbit (IGSO) satellites, 
the Indian Regional Navigation Satel-
lite System, and Japan’s Quasi-Zenith 
Satellite System (QZSS) in addition to 
middle-Earth-orbiting GPS, GLONASS, 
and Galileo spacecraft — Australia has a 
richer access to GNSS signals that most 
other nations around the world. 

The Australian continent is Earth’s 
fastest-moving tectonic plate and drifts 
about seven centimeters a year, putting 
map features out of sync with global navi-
gation satellite system coordinates. 

All GNSS systems operate in an 
Earth-fixed reference frame that shows 
the change in feature coordinates over 
time. The 1994 datum is fixed to known 
reference points on the continent and 
does not change over time.

By January 1, 2020, the Australian 
tectonic plate will have moved into align-

ment with the new official Geocentric 
Datum of Australia 2020 (GDA2020), 
which is compatible with GNSS.

 The national adjustment — transfor-
mation distortion grid from the 1994 
to 2020 coordinates — was due to be 
distributed publicly in January 2017, but 
the technical complexity of the task has 
caused some delays and the Australian 
and New Zealand intergovernmental sur-
veying and mapping committee (ICSM) 
now expects it to be released in March.

 In a February 2017 article in the 
online research newspaper, The Conversa-
tion*, geodesists Chris Rizos and Donald 
Grant said the global 
GNSS coordinates and 
the official Australian 
coordinates from 1994 
are getting further out 
of alignment every year.

 “Historically, coor-
dinate differences of a 
meter or so have not 
been an issue, because 
positioning systems have not been ac-
curate enough for users to notice. When 
GDA94 was first introduced, the GPS 
locations were only accurate to around 
100 meters and sometimes much worse,” 
they said. Two major changes have oc-
curred: the Australian continent moved, 

and people have become used to devices 
as accurate as a smartphone, so discrepan-
cies with GDA94-mapped features are 
increasingly apparent. 

A number of industries in particular 
will benefit from the new coordinates, 
including surveying, spatial sciences and 
mapping. Others that rely on location 
information supported by the national 
geodetic datum, such as construction 
and mining, will also see improvements 
following the update. Accurate navigation 
with GNSS-enabled maps will continue 
to be critical to such emerging technolo-
gies as unmanned vehicles, intelligent 
transportation systems and emergency 
services.

In the next three years, the country will 
transition to the new datum in two stages 
according to ICSM. The first establishes 
a spatial reference frame fixed to the 
continent—plate-fixed—allowing tools 
and supporting resources to be available 
to users until no longer needed. 

The second stage of modernizing Aus-
tralia’s datum will start in January 2020, 
when users will be able to transition to 
a time-dependent reference frame. This 
datum will be fixed to the Earth, and will 
model the locations of reference points 
and their movement over time by main-
taining full alignment to GNSS.

Geoscience Australia, the government 
agency responsible for technical develop-
ment and maintenance of the national 

geodetic datum, will assist other public 
agencies and spatial software providers to 
adopt the new datum. ION
*READ MORE: <http://theconversation.
com/australia-on-the-move-how-gps-
keeps-up-with-a-continent-in-constant-
motion-71883>

Australia is in an ideal 
position on the globe 

to receive positioning 
signals of satellites from 

many other countries.

Average 
visibility of 
GNSS and 
regional 
satellites
Mutli-GNSS Asia
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ESA/JRC International Summer 
School on GNSS 2017
The 11th edition of the ESA/JRC In-

ternational Summer School on GNSS 
2017 will be held in Longyearbyen, 
Svalbard-Spitsbergen, Norway, from Sep-
tember 4–15, 2017, close to the world’s 
northernmost Galileo station.

This extraordinary location has become 
possible through the generous support of 
the Norwegian Space Center, the Euro-
pean Space Agency, the European Com-
mission Joint Research Center (EC), and 
various sponsors. It represents a unique 

Obituary for Keith Dooley McDonald
Keith McDonald, past ION president 
(1990-1991), died peacefully on November 
12, 2016, at his home at the age of 86. He 
was instrumental in 
GPS Modernization 
activities, including 
the use of new signal 
structures and the 
incorporation of 
additional GPS civil 
signals to current and 
future generations of 
satellites. 

McDonald was co-founder of Navtech 
Seminars, now NavtechGPS, and president 
of SatTech Systems, a satellite technology 
consulting firm. Prior to this he served 
as scientific director of the Department 
of Defense Navigation Satellite Program 
and executive director of the Four Service 
Group that initiated the Navstar GPS 
program in the early 1970s. He managed 
the FAA satellite office during the 1980s. 
McDonald had broad experience in 
most aspects of GPS, including system 
engineering, signal structure, and system 

operation and policy, and in his post-
government career shared that knowledge 
with thousands of course attendees. 

In addition to his consulting, 
he published over 90 technical 
papers and taught courses on GPS 
and other navigation systems for 
George Washington University and 
Navtech Seminars. McDonald was 
a member of the National Research 
Council Committee on the Future 
of GPS (1994–1995). He was an 
ION Fellow (2001) and a Fellow of 

the Royal Institute of Navigation (1999) 
and winner of the ION’s Normal P. Hays 
Award (1987). 

In addition to his many years of 
service on ION Council during which 
he modernized the ION National Office 
and its operations, he is credited as one of 
the original organizers of the ION GPS 
meeting (now known as ION GNSS+). 
Additionally, McDonald served as the 
president of the International Association 
of Institutes of Navigation. 

The SvalSat station 
operated by 
Kongsberg Satellite 
Services serves as 
one of five uplink 
stations and as 
a sensor station 
for Galileo. Five 
antennas are used 
for Galileo, including 
one with a 10-meter 
(33-foot) diameter 
and four at 4 meters 
(13 feet).
Kongsberg Satellite Services

opportunity for young researchers in sat-
ellite navigation to gain first-class knowl-
edge from worldwide lecturers while 
experiencing the Arctic environment.

The 10-day course will cover all 
aspects of satellite navigation, up to and 
including the creation of a satnav-based 
business.

The Summer School is open to 
graduate students, Ph.D. candidates, and 
postdoctoral researchers, as well as young 
engineers and academics working within 
industry or agencies, aged 35 or younger. 

Register before the end of April to ben-
efit from an early registration discount. 
The number of participants is limited to 
50, on a first come, first served basis. 

Internationally renowned scientists and 
specialists will be giving lectures as well as 
overseeing practical exercises and lab work.

Participants will receive a full-spectrum 
overview of satellite navigation, starting 
from the theoretical basis of the Global 
Navigation Satellite System, its signals, the 
processing performed by signals and re-
ceivers, and how the position-navigation-
time solution is worked out. The modern-
ization and the evolution of the Global 
Positioning Systems is discussed.

Discussion will also address threats 
to satnav systems, such as spoofing or 
jamming, and the countermeasures avail-
able against them, along with back-up 
navigation solutions for a GNSS-denied 
environment.

Practical exercises will include receiving 
the various satnav constellations now in 
orbit — including Europe’s 18-satellite 
Galileo, the foundation of the full system 
soon to come — to give course members 
direct, hands-on experience. Other lec-
tures will cover business aspects, including 
patents and intellectual property rights.

The main emphasis of the course will 
be the development of a group business 
project, building on an innovative idea 
to take in the planning of the product or 
service, its technical realization, and finally 
its marketing to customers as well as on 
ideas for the second generation of Galileo.
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Professor Vidal 
Ashkenazi Awarded 
an OBE in 2017 for 
Services to Science

Professor Vidal Ashkenazi, founder 
and CEO of Nottingham Scientific 

Ltd, UK, has been named an officer of 
the Order of the British Empire (OBE) 
for services to science. Professor Ashke-
nazi was an academic at the University of 
Nottingham from 1965 to 1998, and the 

founding director of the Institute of En-
gineering Surveying and Space Geodesy, 
one of the leading space geodesy research 
institutes in the world. 

Register today at www.ion.org/plans

2018
April 23–26, 2018

Hyatt Regency Monterey
Monterey, California

SAVE THE D
ATE!

IEEE/ION Position Location and 
Navigation Symposium (PLANS)

Breath-taking excursions in the Arctic 
environment allow the participants a 
break from the intense work in the Sum-
mer School.

The ESA/JRC International Summer 
School is taking place in conjunction 
with the Joint Research Center of the Eu-
ropean Commission, and is organized by 
the Universität der Bundeswehr München 

in cooperation with the Norwegian Space 
Center as well as with Stanford University 
in the United States, the Institut Su-
périeur de l’Aeronautique et de l’Espace 
(ISAE SUPAERO) in France, and Graz 
Technical University in Austria. 

For more detailed information and reg-
istration see <www.esa-jrc-summerschool.
org>.

Over the years, Prof. Ashkenazi 
supervised around 50 doctoral (Ph.D.) 
students, many of whom now occupy se-
nior positions in universities and industry 
around the world. Prof. Ashkenazi has 
been involved in navigation and posi-
tioning for many years and a key figure 
in Galileo. Speaking about his award, 
Prof. Ashkenazi said, “I am absolutely 
delighted to have been awarded an OBE. 
However, even more importantly, at long 
last this award recognizes the contribu-
tion of scientists and technologists to 
society in terms of satellite positioning, 
navigation and timing.” 

GPS World  
Honors ION with a 
‘Leadership Award’

The ION would like to thank GPS 
World for presenting the Institute 

with a Leadership Award during its an-
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MODERN TECHNOLOGY  
SOLUTIONS, INC. (MTSI)

www.mtsi-va.com

Modern Technology Solutions, Inc., is a 
fast-paced and dynamic 100% employ-
ee-owned and -operated technology 
firm, providing leading-edge techni-
cal services in ballistic missile and air 
defense, air vehicle survivability, un-
manned aircraft, flight test operations, 
software engineering, intelligence 
support, cyber, space, and homeland 
defense. MTSI delivers specialized 
technical, engineering, and acquisition 
services to a wide range of govern-
ment and commercial customers.

As a member of the Navigation 
community, MTSI is heavily involved 
in the research, test, evaluation, and 
analysis of navigation systems, com-
ponents, techniques, and algorithms. 
Applications include unmanned 
systems, weapon systems, manned 
aircraft, and personal navigation with 
strategic and tactical considerations. 
MTSI has concentrations in inertial and 
global navigation satellite systems as 
they pertain to flight test, operation 
of unmanned systems, and missile 
defense.

MTSI was founded in 1993 by Tom 
McMahan and Phil Soucy with an 
entrepreneurial zeal and a single con-
tract award. The zeal has continued as 
we’ve grown from a micro-company 
to an expanding and noteworthy 
aerospace engineering company 
within the government contracting and 
commercial marketplace. MTSI, with 
Kevin Robinson as CEO and President, 
employs over 750 employees based at 
eight strategically located offices and 
multiple additional client sites across 
the country.

Our mission is to make important 
and lasting contributions to our na-
tion’s defense and security by provid-
ing leadership and best-value solu-
tions to America’s most technically 
challenging strategic matters. We base 
our success on the success of our 
clients.

For more information on corporate 
membership in the Institute of 

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

ION NEWS AND NOTES

nual Leadership Awards dinner held in 
conjunction with ION GNSS+ 2016 
in Portland, Oregon, on September 15, 
2016.  

The Leadership Award was presented 
by Alan Cameron, GPS World editor for 
bringing the GPS community together, 
presenting the latest research and foster-
ing open dialog towards the common 
goal of ever improving standards in 
positioning, navigation and timing — for 
the past 30 years.  

The award was received by Dr. John 
Raquet, ION executive vice president 
who noted, “As I thought about the rela-
tionship between the navigation commu-
nity sitting here tonight and the Institute 
of Navigation, I found myself wondering 
whether it was the ION that created this 
community, or the community that cre-
ated the ION? The reality is that both are 
true. The ION has certainly played a big 
role in developing a forum for the com-
munity to interact, but without this com-
munity, the ION would cease to exist!”  

Dr. Raquet concluded his remarks with 
his hope that 30 years henceforth the 
next generation would still be continuing 
to meet together in a similar manner to 
network and collaborate. 

New England 
Section News

The New England ION Section 
Meeting was held on December 

9 at Draper in Cambridge, Massachu-
setts. Jan Anszperger acted as the Draper 
host. There was a large turn out with al-
most 60 people in attendance to hear the 
featured speaker: Dr. Mikel M. Miller, 

Senior Scientist for PNT Technologies at 
Air Force Research Laboratory. 

Dr. Miller’s presentation was entitled 
“PNT Eco-System, Putting the Pieces 
Together". The presentation was engaging 
and practical, delivering the vision for the 
goal of providing precise, accurate assured 
PNT— anywhere, anytime, using any-
thing. During and after the presentation, 
there were thoughtful questions posed 
by the audience provoking conversation 
on the complexities of considering PNT 
open architectures and ensuring a resilient 
and robust PNT Eco-System.

The section meeting started with of-
ficer candidates being introduced by Jan 
Anszperger (who read their biographies), 
followed by energetic approval from the 
attendees on their induction as follows: 
• Chair: Dr. Keith McDonald, The 

MITRE Corporation
• Program Chair: Rochelle Moore, 

Draper 
• Secretary: Dr. Alex Cerruti, The 

MITRE Corporation
• Treasurer: Dr. Paul DeBitetto, Draper

 The next meeting is anticipated in 
early May with details forthcoming soon. 

New ION Officers

At the conclusion of the International 
Technical Meeting in February, the 

following newly elected officers took of-
fice and will serve for a two-year term:
President: 
Dr. John Raquet, Air Force Institute of 

Technology

Executive Vice President:
Dr. Jade Morton, Colorado State University

Marvin B. May (left), ION Fellow/
Historian, presents Herb Seligman, 
manager of Pennsylvania State 
University’s Navigation Research and 
Development Center, with a plaque 
from the ION commemorating the 
Navigation Research and Development 
Center’s twentieth anniversary. They 
are standing behind a plaque erected 
by the Warminster Parks Commission 
acknowledging the historical and 
continuing significance of the 
Inertial Facility, which is seen in the 
background.



Winter 2017  19  ION  Newsletter

ION NEWS AND NOTES

Treasurer:
Dr. Frank van Graas, Ohio 

University

Eastern Region Vice President:
Dr. Anthea Coster, MIT 

Haystack Observatory

Western Region Vice President:
Dr. Gary McGraw, Rockwell 

Collins

Eastern Council 
Members-at-Large:
Dr. Keith McDonald, The 

MITRE Corporation
Ms. Francine Vannicola, Naval 

Research Laboratory

Western Council 
Members-at-Large:
Mr. Paul Benshoof, Locata
Mr. Neil Gerein, NovAtel, 

Canada 

Technical Representatives:
Dr. José-Ángel Ávila-Rodríguez, 

ESA/ESTEC, The 
Netherlands

Dr. Sunil Bisnath, York 
University, Canada

Dr. Mathieu Joerger, The 
University of Arizona

Dr. Olivier Julien, ENAC, 
France

Dr. Allison Kealy, University of 
Melbourne, Australia

Dr. Terry Moore, University of 
Nottingham, U.K.

Dr. Di Qiu, Polaris Wireless
Dr. Andrey Soloviev, QuNav

IN ADDITION to those 
elected above, Dr. Dorota 
Grejner-Brzezinska, The Ohio 
State University; Dr. Frank van 
Diggelen, Google; and Mr. 

Elliott Kaplan, The MITRE 
Corporation, will continue to 
serve on the ION Executive 
Committee as Immediate Past 
President, Satellite Division 
Chair, and Military Division 
Chair, respectively.

THE FOLLOWING standing 
committee chairs were also 
appointed for a two year term:
Nominating Chair: 
Dr. Dorota Grejner-Brzezinska, 

The Ohio State University

Technical Committees Chair:
Dr. Jade Morton, Colorado 

State University

Publications Chair:
Dr. Boris Pervan, Illinois 

Institute of Technology

Finance Chair:
Mr. John Clark, The Aerospace 

Corporation

Membership Chair:
Mr. John Nielson, Rockwell 

Collins

Fellow Selection Chair:
Dr. John Betz, The MITRE 

Corporation

Meetings Chair:
Dr. Sherman Lo, Stanford 

University

Awards Chair:
Dr. Michael Meurer, German 

Aerospace Center (DLR), 
Germany 

Bylaws Chair:
Dr. Michael Veth, Veth 

Research Associates ION
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Timing Is Everything
People have been trading, mining, farm-
ing and sailing to Sicily for an awfully long 
time — and they have been keeping time 
for thousands of years as well.

Last November 30, a group of Sicilian amateur archaeologists were combing an area near the 
southeast town of Gela when they found a stone megalith with a precisely carved three-foot 

hole in the middle. It looked important, and similar to other seasonal markers found in Sicily and 
all over the ancient world. Would the rising sun align with this rock on the winter solstice? The 
summer solstice? An archaeoastronomer who knew about the find suggested a scientific test.

The team gathered a compass, cameras and a video camera mounted 
on a drone equipped with GPS and went out to the site on December 21. 

Giuseppe La Spina, one of the archaeological team, described the 
results in a magazine interview, “At 7:32 a.m. the sun shone brightly 
through the hole with an incredible precision. It was amazing.”

The 23-foot calendar rock is on a low ridge off the beaten path. It 
was made between 6000 and 3000 B.C. Further exploration uncovered 
a fallen menhir — a columnar stone — in front of the calendar rock 
and made from a kind of stone that is not found in the local area. The 
team also found intact tombs carved in rock from the early Bronze Age 
in Sicily. It’s probable that the people who made the calendar stone were 
early inhabitants who arrived long before the Greeks and all the other 
folks who found Sicily irresistible. They used weapons made of basalt and 
green stone — later, bronze. They mined for flint and buried their dead 
in rock chambers with fertility reliefs on the doors. 

And, they knew what time it was.
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The archaeological 
team in front of what 
the media is calling 
“Sicilian Stonehenge.”

Sun rising behind 
the calendar rock on 
December 21.

Fertility symbol on ancient chamber 
tomb in Sicily.
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Drone Dancers of 2017
Put together 10-ounce Styrofoam UAVs, LEDs that can make four 
billion color combinations, hot software, a laptop and one human 
pilot — and pretty soon you’ve got the drone version of a Busby 
Berkeley musical. 

The 300-drone shooting star display at Lady Gaga’s Super Bowl halftime show is the 
latest in software developer Intel’s plot to take over airborne entertainment. Within 

days, instead of weeks, designers can put together elaborate three-dimensional, 20-min-
ute light shows using GPS and hundreds of miniature quadrotors. 

The 2017 half-time show in Houston was the first to use the lightshow technology 
in a live entertainment review of this size, according to the company. They formed an 
American Flag behind Lady Gaga as she launched into some patriotic songs, jumped off 
the stadium roof and floated on wires to the ground.

It only takes a single pilot to run the show — but another is always available on 
backup, just in case the first human decides to really go wild, we imagine. (Nearly infi-
nite pattern choices may be too much power for one person.)

The software uses GPS to quickly calculate, for a given pattern, how many drones 
are needed, where they should be placed, and the fastest route for each to take without 
bumping into each other.  The software can also figure out which drone to use based on 
remaining battery life and GPS reception quality. The swarm operates with geofencing.

Each unit is surrounded by a propeller cage to protect people below if it falls. And 
the drones can operate in a rain shower; so, the show isn’t ruined on a less-than-perfect 
day.

Of course, these light shows reinforce concerns about UAV compatibility with air 
traffic safety. In an earlier Palm Springs show, Intel had to get an FAA waiver to fly 500 
of the little machines 700 feet in the air and an extra waiver to fly in class B airspace, 
the category for areas around busy airports. 

But what can you do? Get on with the show!
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Dangerous Reindeer Games
It’s still winter . . . and what’s more winterlike than reindeer in the far north? 

The Saami herds of Arctic Finland can thank GPS for a safe and sane holiday up 
Fennoscandia way. The Associated Press reported a new app that can help reduce road 

kill among the 300,000 reindeer that wander freely in that part of the world. The animals 
match the surrounding lichen-covered terrain, and they’re hard to spot in the winter dark. 
Four thousand die each year, and it’s an expensive loss for herders. With the press of a 
smartphone button, drivers can see where reindeer are — or have been in the past hour — 
over the surrounding mile of terrain. The app is called Porokello, or “reindeer bell.” 
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News from Systems Around the World
Global Positioning System
In December, then-President Obama 
signed the National Defense Authoriza-
tion Act (NDAA) for Fiscal Year 2017, a 
$619-billion bill with a number of provi-
sions affecting satellite navigation.

The legislation (S. 2943) fully autho-
rizes the administration's requests for all 
the elements of the GPS program — and 
signals indirectly that appropriators even-
tually will provide comparable support — 
although the NDAA does put additional 
requirements on those developing the 
new GPS ground system.

The bill also supports development of a 
GPS backup and limits the use of signals 
from other satellite navigation constella-
tions — a significant consideration given 
that defense officials have said using non-
GPS satnav signals was one way to help 
assure service in an increasingly hostile 
space operations environment. 

The actual funding for FY17 in the 
form of an appropriations bill has yet to 
be approved, however — although that 
is not a bad thing for the GPS program. 
Congress passed a continuing resolution, 
signed into law December 10, which 
allocates money at FY16 levels through 
April 28, 2017. 

BeiDou
A People's Daily article reported that 
the first third-generation (BeiDou-3) 
satellite is scheduled to be launched in 
July 2017, according to its developer, 
China Aerospace Science and Technology 
Corporation (CASC). The company said 
that six to eight satellites will be deployed 
within the year, according to the Chinese 
news service

China has completed the construction 
of the BeiDou-2 system consisting of 14 
Beidou satellites and 32 ground stations. 
The launch of 18 satellites in the global 
coverage constellation will be completed 

in 2018 to guarantee basic service for 
countries along the route of China's Belt 
and Road initiative. 

By 2020, 35 BeiDou-3 satellites will 
have been sent into space, providing 
service to users around the globe, accord-
ing to People's Daily. Five experimental 
BeiDou global navigation satellites have 
been launched since 2015.

Galileo
The European Commission (EC), owner 
of Europe’s GNSS system, Galileo, has 
formally announced the start of Galileo 
Initial Services, the first step towards full 
operational capability.

Galileo is now providing three service 
types, the availability of which will con-
tinue to improve with additional satellite 
launches. "Service definition documents" 
have been completed for all three.

The Open Service, interoperable with 
GPS L1C, is a free mass-market service for 
users with enabled chipsets in, for instance, 
smartphones and car navigation systems.

Galileo’s Public Regulated Service is an 
encrypted, robust service for government-
authorised users such as civil protection, 
fire brigades and the police.

  The Search and Rescue (SAR) service 
is Europe’s contribution to the long-
running Cospas–Sarsat international 
emergency beacon location. With Galileo 
and other GNSS-based SAR services, 
the time between someone locating a 
distress beacon when lost at sea or in 
the wilderness will be reduced from up 
to three hours to just 10 minutes, with 
its location determined to within 5 
kilometers, rather than the previous 10 
kilometers.

On February 9, the European Com-
mission and the European GNSS Agency 
(GSA) announced plans to implement 
the high-accuracy, encrypted Commercial 
Service when the Galileo system reaches 

full operational capability (FOC), now 
expected to occur in 2020.

The Commercial Service will comple-
ment the Galileo Open Service by 
providing an additional navigation signal 
and added-value services in a different 
frequency band. Unlike the Open Ser-
vice, the Commercial Service signal can 
be encrypted to control access to Galileo 
Commercial Services.

In January, ESA affirmed the failure of 
numerous rubidium and hydrogen maser 
clocks onboard orbiting Galileo satellites, 
clocks that are absolutely crucial for ac-
curate positioning.

  Each Galileo satellite is equipped 
with four clocks, two rubidium and two 
passive hydrogen masers [PHM}, in order 
to have redundancy. In all, nine of the 
72 orbiting clocks have failed — three 
rubidium clocks and six hydrogen masers. 
One additional hydrogen maser clock 
failed but has been successfully restarted.

GLONASS
Russian prosecutors have wrapped up a 
criminal case against four employees of 
Energia allegedly complicit in the 2010 
crash of the Proton booster with three 
GLONASS satellites, and they’ve sent the 
case files to a court of law, according to a 
Russian news agency TASS report.

According to investigators, the Energia 
employees are allegedly complicit in the 
crash of a Proton-M carrier rocket with 
three GLONASS-M satellites on De-
cember 5, 2010. The damage to the state 
amounted to more than $65 million. 

The investigation has established that 
the crash was due to putting an additional 
1,582 kilograms of liquid oxygen into the 
acceleration unit’s oxidizer tank. The error 
led to the carrier rocket’s injection into an 
incorrect orbit and its subsequent fall into 
the Pacific Ocean, the spokesman said. ION
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Calendar  
of Upcoming 
Events
MARCH 2017 
14-16: Munich Satellite Navigation 
Summit
Contact: info@munich-satellite-
navigation-summit.org
Tel: + 49 89 6004 3425 
Web: http://www.munich-satellite-
navigation-summit.org/

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

JUNE 2017
5-8: ION JNC 2017, Dayton Convention 
Center, Dayton, Ohio   
Contact: The ION 
Tel: +1 703-366-2723
Web: www.ion.org
21-23: TransNav 2017, Ghynia, Poland     
Contact: The Godynia Maritime 
University   
Tel: +48 58 5586136  
Web: www.transnav2017.am.gdynia.pl

SEPTEMBER
4-15: ESA/JRC International Summer 
School on GNSS 2017, Longyearbyen, 
Svalbard-Spitsbergen, Norway
Web: www.esa-jrc-summerschool.org

25-29: ION GNSS+ 2017, Oregon 
Convention Center, Portland, Oregon
Contact: ION
Tel: 703-366-2723
Web: www.ion.org

NOVEMBER
28-30: International Navigation 
Conference (INC)
Contact: Royal Institute of Navigation 
(RIN)
Web: http://www.
internationalnavigationconference.org.uk

is already showing promise as a way to 
guide the flightpath of dragonflies. Poten-
tial applications of the technologies un-
derpinning DragonflEye include guided 
pollination, payload delivery, reconnais-
sance, and even precision medicine and 
diagnostics. 

“DragonflEye is a totally new kind 
of micro-aerial vehicle that’s smaller, 
lighter and stealthier than anything else 
that’s manmade,” said Jesse J. Wheeler, 
a biomedical engineer at Draper and 
principal investigator on the program. 
“This system pushes the boundaries 
of energy harvesting, motion sensing, 
algorithms, miniaturization, and 
optogenetics, all in a system small enough 
for an insect to wear.”

DragonflEye has been a team effort 
between Draper and Howard Hughes 
Medical Institute (HHMI) at Janelia Re-
search Campus to create new optogenetic 
tools that send guidance commands from 
the backpack to special “steering” neurons 
inside the dragonfly nerve cord.

Research at HHMI led by Anthony 
Leonardo has produced to a deeper un-
derstanding of “steering” neurons in the 
nervous system of the dragonfly that con-
trol flight, according to Draper. HHMI is 
applying techniques in synthetic biology 
to make these “steering” neurons sensitive 
to light by inserting genes similar to those 
naturally found in the eye.  

Draper is developing tiny optical struc-
tures, called optrodes, that can activate 
the special “steering” neurons with pulses 
of light piped into the nerve cord from 

the dragonfly’s backpack. Traditional 
optical fibers are too stiff to be wrapped 
around the tiny dragonfly nerve cord; 
so, Draper developed innovative flexible 
optrodes that can bend light around sub-
millimeter turns.  These optrodes will en-
able precise and targeted neural activation 

without disrupting the 
thousands of nearby 
neurons.  

In an interview 
with IEEE’s Spectrum 
magazine in January, 
Wheeler contrasted the 
advantages of Draper’s 
approach to other ef-
forts to build mechani-
cal flying robots. 

“Common 
dragonflies weigh 
around 600 milligrams, 

can reach accelerations up to 9 gs, and are 
known to migrate over great distances,” 
Wheeler said. “Mechanical fliers of 
comparable size are far less efficient at 
producing lift, stabilizing flight, and 
storing energy. This inefficiency creates a 
fundamental challenge: Mechanical fliers 
can carry only very small power sources, 
which means that they have enough 
power to fly for only very brief periods 
of time. The DragonflEye system doesn’t 
require a power source for flight, only 
for navigation. It can operate indefinitely 
due to the insect’s ability to replenish 
energy from food and the navigation 
system’s ability to harvest energy from the 
environment.”

“Someday these same tools could 
advance medical treatments in humans, 
resulting in more effective therapies with 
fewer side effects,” said Wheeler. “Our 
flexible optrode technology provides a 
new solution to enable miniaturized diag-
nostics, safely access smaller neural targets 
and deliver higher precision therapies.”

Draper’s work on the DragonflEye pro-
gram builds on its legacy in positioning and 
navigation, autonomous systems, microsys-
tems, biomedical solutions and materials 
engineering, and microfabrication. ION 

DRAGONflEYE continued from page 1
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