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GOOGLE CHALLENGE

GPS POLICY UPDATE

ION, Google
Launch First
Smartphone
Decimeter
Challenge

Outgoing White House Expands
ExCom, Supports Protection of
GPS Spectrum and Signals

T

he X Prize helped spur the development of commercial space launchers, and the Grand Challenge laid the
groundwork for driverless cars. Now
ION and Google are working together to
advance cell phone-based navigation with
the Smartphone Decimeter Challenge.

The two organizations are providing
resources to researchers and academics
to spur development of algorithms that
will improve the accuracy of smartphone
location solutions from their current
multi-meter levels to, ultimately, a tenth
of a meter or better.
And they are providing incentives too.
A total of $10,000 will be awarded to the
three teams whose algorithms most accurately determine the actual locations of
the phone 95 percent of the time.
Anyone can participate, but the focus
is on academia and research organizations. Members from the commercial
sector may join in as part of an academicor research-led team. Products that are
continued on page 10
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GPS is already integral to space launch operations and satellite navigation signals can be
used for space traffic management and other applications as far away as the Moon. With a
nod to Space Policy Directive 1, which made human missions to the Moon a U.S. priority,
SPD-7 tasks NASA with developing requirements to support space operations and science
within the area around the Earth and well beyond to cislunar space. Art courtesy of NASA

Late on the last Friday of the Donald Trump Administration, the White
House posted an update to the United
States’ 16-year-old policy for managing
GPS and other elements of its navigation
infrastructure.
Among its many provisions, Space
Policy Directive 7 expands the number
of agencies directly involved in managing
navigation policy, underscores the need to
address cybersecurity risks to GPS users
and makes clear the need to protect GPS
frequencies. The policy also directs the
development of requirements supportPresident’s Column . .  .  .  .  .  . 2
GNSS Program Update.  .  . 12
ION Historian. . . . . . . . . . .14

ing the expanded use of GPS for space
navigation and lays the groundwork for
detecting the disruption and manipulation of space-based positioning, navigation and timing (PNT) signals. In the
process, SPD-7 emphasizes what those in
the GNSS community have known for
years. PNT technologies in general, and
GPS in particular, have become essential
to the American economy, its emergency
services, and military operations.
At the center of the new policy is the
National Space-Based PNT Executive
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PRESIDENT'S COLUMN | DR. Y. JADE MORTON

Looking to the Future
World of Multi-GNSS Systems
We are now living in a world of multiple GNSS systems, and this world offers
several advantages. The larger number
of combined satellites in space improves
the geometric diversity and hence the
PVT solution accuracy. This is especially
true in urban environments where a large
number of satellites may be blocked by
buildings. The redundancy introduced
by these extra satellites also improves
the signal availability and reduces the
probability of blackout (or complete loss
of navigation solutions). Multi-GNSS
also provides richer spectral diversity and
improves the jamming resistance. Finally,
I believe the biggest winners in this multiGNSS age are the remote sensing and
scientific applications. With each satellite
ray-path serving as an observable of the
signal propagation environment, a larger
ensemble of transmitters will provide
improved spatial resolution and coverage
of the physical world of interest.

HISTORICAL FLASHBACK

The Perfect GNSS System
But our world of multi-GNSS systems is not perfect. An ideal GNSS system is one
that is impossible to spoof and difficult to jam. Its signals should be relatively simple
and elegant so that receiver signal processing can be done in a power-efficient manner
and allow fast acquisition and accurate tracking. It should be interoperable with other
GNSS systems. It should have limited multipath errors even when operating in urban
environments. It should be built on a reference frame and time standard that can be
easily adopted by a wide variety of applications and systems. Finally, it should support
multiple carriers and both data and pilot channels on all carriers to enable receivers
operating in challenging environments. The carriers should have sufficient spectral separations to ensure accurate estimations of ionosphere errors, or be at frequencies where
ionospheric and atmospheric effects are insignificant. In short, there is still work to do.
ION Looks to the Future
2020 concluded the ION’s 75th anniversary year as I finish out my two-year term as
ION president. For the past 75 years, ION has been the world’s premier professional
organization in advancing the art and science of position, navigation and timing (PNT)
and in providing a viable networking and educational platform for members coming
from industry, academia, and government agencies. ION has been working on navigational challenges for the past 75 years, and I expect ION will be collaborating on PNT
solutions into the future.
Today, the field of PNT is experiencing exponential growth, and PNT professionals
are in unprecedented demand from the ever-expanding sectors requiring PNT expertise.
Along with this exciting progress are challenges and new opportunities as our demographics are changing and the modern means of communicating, networking, and

ION’s 50 Anniversary Celebration
June 6, 1995, Antlers Doubletree Hotel
Colorado Springs, Colorado

While the ION GNSS+ Status
of the Systems panel evolved
over many years, the first formal panel of GNSS international systems status updates
was held in Long Beach, CA
at ION GNSS 2005. The 2005
plenary session included
the following pictured: Ray
Swider, US DOD; Col. Wesley
Ballenger, USAF Systems
Program Director, Navstar
GPS, USAF; Mike Shaw, US
DOT and panel moderator;
Sergey Revnivykh, Mission
Control Center, Federal Space
Agency, Russia; Hiroaki
Maeda, NEC Toshiba Space
Systems, Japan; and Luis
Ruiz, Galileo Joint Undertaking, Belgium.
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learning are constantly evolving. More
than ever, ION must dynamically adapt
and anticipate the changing trends in
the field. With the support of a strong
international member community and
the dedication of an excellent staff, ION
is well poised to play a crucial role of
bringing together application engineers
and product vendors, educators and
students, scientists and researchers, and
policy makers to maximize the positive
impact of PNT technologies on society
in the 21st century. With you, I look
forward to being a part of this!
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75 Years of History

T

practicing navigators from both military and civilian air navigation.
Driven by the need for advanced
requirements for modern military
AIR TRANSPORT magazine reports on ION’s First Annual Meeting
navigation following WW II, Dr.
December 1945
Samuel Herrick, assistant professor
of astronomy at UCLA, approached
Dr. Robert C. Sproul, president of the
University of California, in 1943, with
the idea of founding an institute for
navigation at UCLA.
On February 28, 1945, Dr. Herrick, Captain P.V.H. Weems (U.S.
Navy), and Commander William J.
Catlett, Jr. (U.S. Navy), met to bring
together a who’s who of astronomers,
meteorologists, cartographers, navigation instructors and authors, aircraft
and instrument manufacturers and
practicing air navigators — military
he Institute of Navigation (ION) was founded in 1945 at
the University of California, Los Angeles, by a group of
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and civilian — to discuss the needs and
requirements of this new institute.
On June 25, 1945, during the last few
months of World War II, the very first
organizational meeting of The Institute of
Navigation took place on the Los Angeles
Campus of the University of California
with 55 people in attendance from the
Army, Navy, as well as aircraft manufacturers and educators. A “temporary” organization was established to carry on until
the fall when a second general meeting
would take place on the east coast. Professor Jacob Bjerknes of UCLA's Department of Meteorology delivered the first
technical paper given at this first ION
meeting. That paper, “Drift Determination with the Radio and Pressure Altimeters,” included the formula developed by
Dr. John Bellamy, for which he was later
given the Thurlow Award.
The ION’s first “Annual Meeting” was
held October 25-26, 1945 at the Hotel
New Yorker where technical papers were
presented on the reliability of Loran (see
the December 1945 article printed in AIR
TRANSPORT magazine below). Ninetyfive ION members and 35 non-members
attended the meeting where the ION’s
proposed articles of incorporation were
adopted and the first council was elected.
A large part of the Institute’s energy during the early years was devoted to building an effective organization that would
advance the art and science of navigation by coordinating the knowledge and
achievements of practitioners, scientists
and developers of navigation equipment.
ION membership dues were $5.
By late October 1945, an organizational meeting, two regional meetings,
and an annual meeting had been held; a
resolution had been adopted and plans
were made for incorporation; a permanent organization had been established;
a National Office had been set up at
UCLA; and plans had been made for
future meetings and the publication of a
technical journal. Collin McIntosh had
been elected as the ION’s first president.
The Institute of Navigation incorporated on January 26, 1967 under the sigWinter 2021

natures of Raynor Duncombe, C. Towner
French and Ross Freeman in the District of
Columbia with the purpose to “coordinate
the improvements for forward strides made
in navigation and related arts and sciences
by the armed services, industry, and the
universities.”
Helped largely by a new generation of radio and inertial navigation aids, the 1970s
produced significant changes in affordable
and dependable positioning systems that
migrated from strictly military applications to civil air transport. In 1978, the
first experimental Block-I GPS satellite was
launched. Designed initially for military
use, U.S. President Ronald Reagan announced in 1983 that GPS would be made
available for civilian use once it was completed. The innovation and advancement
of GPS, and later other GNSS, and their
impact to PNT, has driven the institute’s
growth from the 1990s to present day.
Advances in GNSS navigation technologies created a shift in ION’s membership

too. ION’s population of practicing
navigators began to be replaced by
theoreticians, researchers, manufacturers, regulators and navigation service
groups. In the 1990s, ION flourished,
as it garnered support from this expanded group of all those interested in
position-determining systems. Advancements in navigation technology
enabled performance of the navigation
function to become a subset of other
activities, thus eliminating the need for
specialized navigators for most applications. Navigation became automated
through the replacement of humans
and electromechanical devices with
microcomputers, integrated circuits,
and sensors. Accuracy and coverage
performance for all phases of navigation
were rapidly enhanced through the evolution of the various GNSS services of
today. The manner in which the ION
adapted to, and in some cases played a
key leadership role in, these changes has

Collin McIntosh, first ION president (1945-46), started flying as a private
pilot in 1928, served with the U.S. Air Corps as a pilot in Texas, followed by two
years of teaching at Lincoln Technical Institute in Boston. He later left the classroom to become a flight dispatcher for Boston-Maine Airways (later Northeast
Airlines). In 1938, he joined American Airlines
as an instructor at the Pilot Training School in
Chicago. His pilot training manuals and textbooks, including “Radio Navigation for Pilots”
and “Long Range Flight” were later adopted for
official use by the Navy and Army. He was American Airlines' chief navigator. In the mid-1950s,
McIntosh temporarily suspended his private air
navigation consulting
practice to assume
responsibility for preparing the National
Civil Air Policy report
requested by President
Dwight Eisenhower.
Subsequently, he was appointed a special assistant to the
secretary of commerce to make an
administrative study of the Civil Aeronautics Administration (now the Federal
Aviation Administration).
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Left: ION’s First Fellows
(1999): Roger Easton, Eric
Swanson, David Allen, Tom
Stansell, Dr. Brad Parkinson,
Dr. David Bellamy and William Tull. (Not pictured: Dr. R.
Grover Brown, Edward McGann and Dr. James Spilker).

Right: ION’s first logo – while never formally adopted, this
was the logo the ION’s founding organizers created for the
ION’s first organizational documents (early in 1945).

Left: ION’s First Meeting:
University of California,
Los Angeles, California,
1945.
Below: Backside of the historical “First ION Meeting” photograph identifying a number
of participants.

Above: ION president Alton B. Moody presents the ION
Superior Achievement Award (practicing navigator award)
to Capt. James E. Lovell, U.S. Navy, at NASA Spacecraft Center, Houston,
Texas, December 22, 1970. Fast forward
to September 1997 when Lovell
addresses ION’s conference attendees
as a luncheon speaker at ION GPS ’97 in
Kansas City, MO.

Right: ION National Office, 1026 16th
Street in Washington, DC, during Frank
Brady’s term as ION Executive Director
(1979-1990).
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accounted for its success.
The ION’s Satellite Division
was organized in 1979, with
its first GPS meeting organized
in 1987 by then Col. Bradford
Parkinson, Dr. Allison Brown,
Carolyn McDonald and Dr. Rudy
Kalafus. The Satellite Division
and its leadership recognized that
the hosting of large-scale international conferences was an efficient
method of international collaboration in the growing GPS environment. ION continued to grow as
the international scientific community developed various global
and regional satellite navigation
systems and the marketplace provided products utilizing the same.
The Satellite Division has
stayed relevant fostering the next
generation. The division has
been a recognized supporter of
ION's student programs since
its inception in 1987,
funding numerous international students to attend
its satellite conference on
an annual basis through a
peer-reviewed student paper
competition. The division
has funded and supported
the ION’s Autonomous
Lawn Mower Competition
(2004-2012) and the ION’s
Autonomous Snowplow
Competition (2011-2020).
The division has also been
a co-host and financial
sponsor of ION’s Satellite
Navigation and Technology for Africa Workshop
(2009-current) that helps African
scientists and engineers explore
GNSS applications to increase
food security, manage natural
resources, provide emergency
location services, improve surveying and mapping, and make land,
water and air navigation systems
safer and more precise. Additionally, many of the world’s leading
Winter 2021

POLITICAL
LOOKING
CAMPAIGNS
BACK

Executive Branch. ION AAAS fellows
the leadership of Francine Vannicola,
have made practical contributions to the
the ION’s winter conference merged
more effective use of scientific and techniwith the Precise Time and Time Interval
cal knowledge in government, helped
(PTTI) System and Applicaeducate the navigation and engineering
tions Meeting in 2013 to
Institute of Navigation Annual Awards
community regarding the public policy
provide a specialized timing
Per Enge Early Achievement Award — For outstanding
process, and broadened the perspectives
conference to ION’s suite
achievement related to PNT; awarded to someone age
of the science, engineering and governof
conference
products.
In
35 or younger.
mental communities regarding the value
2013,
under
the
techniSuperior Achievement Award — For outstanding
of such interaction. ION AAAS governcal
direction
of
Dr.
Y.
Jade
performance as a practicing navigator of any vehicle,
in any medium.
ment fellows have included Phil Ward
Morton, ION hosted its
Burka Award — For achievement in paper preparation
(2000-01), Dr. Clark Cohen (2001-02),
first Pacific PNT meeting, a
of papers advancing PNT.
Dr. William Klepczynski (2003-04),
technical event with a focus
Distinguished PTTI Service Award — For outstanding
Marie Lage (2003-04), Dr. Jennifer
on cooperation between East
contributions to PTTI systems.
Gautier (2005-06), Doug Taggart (2005and West in PNT developWeems Award — For continuing contributions to the
06), Albert Glassman (2007-08), Dr.
ment
that
covers
technical
advancement of navigation.
Frank van Graas (2008-09), Dr. Gerald
topics
of
special
interest
to
Tycho Brahe Award — For outstanding contributions
to the science of spacecraft navigation, guidance and
Mader (2015-16) and Dr. Kyle Wesson
Pacific Rim nations such as
control.
(2016-17).
BeiDou, COSMIC/FORHays Award — To recognize encouragement,
As ION grew, its publication NAVIGAMOSAT and QZSS.
inspiration, and support to the advancement of
TION,
Journal of the Institute of NavigaIn
2009,
ION's
president
navigation.
tion,
also
grew. Ronald Braff (editor,
at
the
time,
Col.
Mikel
Thurlow Award — For outstanding invention, design,
1987-1997) stepped down as editor
Miller, PhD, of Air Force
methodology or research relating to PNT.
of the journal in 1997 and Dr. Chris
Research Lab, acquired the
ION Distinguished Service Award — For extraordinary
service to the ION.
Hegarty served from 1998-2005. Dr.
Joint Navigation ConferHegarty was followed by Dr. Boris Pervan
ence (JNC) for ION from
from 2006-2020. Dr. Pervan expanded
the Joint Services Data
the journal’s editorial content during
Exchange. The JNC was a U.S. military
histories with ION.
this time, and beginning in 2011, ION
event with joint services and government
The Satellite Division established the
worked cooperatively with Wiley Pubparticipation focused on military navigaJohannes Kepler Award in 1990 to honor
lishing to expand the journal’s internation technology and operations. The
an individual for sustained and signifitional distribution network and obtained
conference had originated and evolved
cant contributions to the development of
indexing in 2014. Dr. Richard B. Langley
from Holloman AFB’s Central Inertial
satellite navigation during their lifetime.
assumed the role of NAVIGATION editor
Guidance Test Facility’s (CIGTF) GuidThe Bradford W. Parkinson Award was
in January 2020.
ance Test Sympoestablished in 2003 to honor Dr. Parkinsium (organized by
son for his leadership in establishing both
The last 75 years
Satellite Division Awards
past ION president
the U.S. Global Positioning System and
have witnessed
Kepler Award — For sustained and
Ken Holland,
the Satellite Division of the ION. The
unimaginable adsignificant contributions over a lifetime to
the development of satellite navigation.
746th Test Squadaward recognizes an outstanding graduvancements in the
Parkinson Award — Recognizes an
ron, Holloman
ate student in the field of PNT and/or
science of positionoutstanding graduate student in the field
AFB).
applications.
ing, navigation and
of PNT and/or applications.
With the role
The Satellite Division’s annual GPS/
timing, and ION
GNSS began to
GNSS/GNSS+ conference was not the
has played a critiplay in the nation’s
only of ION’s conferences that flourcal role in leading
critical infrastructure, the ION recogished. In 1991, under the leadership
those advancements. ION has been pronized the need to provide more specialof then ION Council member Caroviding one of the world’s primary forums
ized technical expertise and support to
lyn McDonald, the ION expanded its
for bridging the gap between navigators,
the U.S. government. In the late 1990s,
winter conference, traditionally held in
scientists and the marketplace by buildthe ION partnered with the American
January, from a single track to a multiing bridges between the communities
Association for the Advancement of
track conference and in 2009 expanded
and making meaningful collaborations
Science (AAAS) to sponsor government
the January national conference to an
and friendships along the way.
fellows to work in Congress and/or the
international technical conference. Under
GNSS technical experts of today were
past Satellite Division student competition winners and have deep educational

Winter 2021
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WOMEN OF ION

The Women Out in Front, and Behind, of ION
Lisa Beaty, ION Executive Director

M

arch 2021 will mark thirty years of employment with ION for me.
To look back on the organization and leadership of ION three decades ago, the tongue-in-cheek reference of an “old boys’ club” is a literal,
not figurative, reference. After attending my first ION Annual Meeting
(the ION’s 47th Annual Meeting, June 1991), I remember having a clear
moment when my much younger self gazed into the audience of khakisand-navy-blue-blazer-clad “mature” homogeneous males and thought
surely my recent employment had been an act of career suicide.
Fast forward thirty years and ION’s demographic has certainly changed.
And while there is now a notable pool of talented female engineers, scientists, mathematicians and supporting professionals that have shaped the
PNT industry – far too many to mention – the list below represents those
of whom I am personally aware that have been particularly important in
the growth and nurturing of the ION. These are the leaders and promoters
of ION that have ensured that ION will live on in perpetuity for the next
generation of membership.
Dr. Penina Axelrad: ION president 2004-05. A professor
of Aerospace Engineering Sciences, she is ION’s “go to” for
all things related to space navigation. She is credited with
starting ION’s cooperative agreements and programs with
other technical societies, especially programs that foster
STEM PNT education. She is also one of the most generous of mentors. I have watched her consciously reach back
and pull the next generation of women up with her.
Lisa Beaty: ION National Office Staff since 1991 (executive director since 2010). Beaty has supported the ION
Council by developing and implementing the ION’s
programs and operations, pursuing business development
opportunities, generating revenues to fund ION programs,
and managing and administering the financial affairs of
the Institute to ensure the perpetuation of the organization. My favorite ION events are the presentation of the Kepler and Fellow
Awards as I receive true joy in seeing deserving individuals recognized by
their peers. And while the organization has experienced program growth
and achieved financial security under my management, in the end I am
sure I will be most remembered for bringing chocolate to events.
Dr. Alison Brown: A recognized early technical pioneer
in the development of GPS technology, Dr. Brown was
also one of the original organizers of the Satellite Division’s
ION GPS meeting. In addition to overseeing aspects of the
early technical program, Dr. Brown hosted the event in her
Colorado Springs location – a location for which many still
have nostalgia today. While those in the community recognize Dr. Brown as a technical force, I have also had the pleasure to witness
her private acts of generosity (typically performed anonymously).
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Dr. Dorota Grejner-Brzezinska:
ION president 2015-17. The world
credits her with pioneering work
on GPS orbit estimation and semidiurnal Earth rotation parameter
estimation using GPS, and developing high-accuracy algorithms
and multi-sensor system prototypes for navigation
in GPS-challenged environments. Brzezinska’s years
on the ION Council have been characterized by her
initiatives designed to support and engage women
who are in the early stages of their PNT careers, and
to provide them with the opportunity to engage
with senior-level mentors established in PNT. And
she sets the perfect example for the next generation of women, modeling the example of someone
who is capable, confident and comfortable in their
skin (whether that skin is suited up for speaking to
hundreds of people, or wearing a pair of stilettos few
of her cohorts would brave).
Dr. M. Elizabeth Cannon: ION
president 1996-97 and past chair
of the Satellite Division. A technical leader known for geomatics
engineering, she is an international
proponent for women in science.
(Additionally, those who know her
well will understand when I say she brought immeasurable color to that audience of khakis and navy
blue blazers.) My favorite Professor Cannon story
was to watch her take a pair of scissors and ceremonially remove a large designer label from the cuff of
one of her international student’s suit jacket prior
to his presentation. Yes, he was horrified. She was
intent that he received a “well rounded” education.
And yes, her students worshipped her.
Dee Ann Divis: Reporter and
award-winning writer, she has been
keeping the PNT and aerospace
community informed on GNSS for
decades. She is especially known for
her writing on GNSS policy and
as such has been a regular at ION
events, and an avid promoter of the organization.

Winter 2021

WOMEN OF ION

Patricia Doherty: ION president 201315. Within the PNT community, Pat is
known as an ionosphere expert, but to
the often underserved international community of developing and third world
nations, she is known as the person who
brought PNT education and training to
their part of the world in a sustainable way. Gracious, approachable and generous, she epitomizes quiet elegance.
Pat is ION’s international third world ambassador.
Mary Tornich Janislawski: A charter
member of ION and the first woman to
receive an ION annual award, she was
the developer of the Mark II Plotter. She
later designed a grid system of navigation
for the Apollo Moon Missions. She was
a civilian aviation instructor and taught
Photo Credit: NPS
at the University of California at Berkeley and Stanford.
I think she would rather have liked to have collaborated
with Dr. Penny Axelrad.
Dr. Allison Kealy: A professor and
technical expert in high performance
positioning; she co-founded the Satellite
Division’s Publication Committee and
has worked consistently to increase the
quality of the ION GNSS+ technical
program through rigorous peer review.
She has served the Satellite Division as an International
Representative (Australia) and has been a contributor
to ION’s Women in PNT Committee. As president of
the International Association of Geodesy Commission
4, and an ION representative to the Mobile Mapping
Symposium, she is an ION ambassador for the Institute's
international cooperative agreements. (She is also one of
the few women that can out-pace Dorota Brzezinska in a
pair of stilettos.)
Dorothy “Dot” Lemon: Aviator and
barnstormer, Lemon claimed to have
been the first pilot to intentionally fly
into the eye of a hurricane. (Not surprisingly, many others dispute her claim.)
Lemon was the ION’s first female ION
Photo Credit: Wikipedia Commons
president (1961-62). She would have
likely volunteered to carry out many of Dr. Jade Morton’s
current experiments (she seems like the kind of woman
who would have hiked up a volcano with Dr. Morton).

Winter 2021

Carolyn McDonald: ION’s chair of meetings on the
ION Council from 1986-1998 and one of the original developers and organizers of the Satellite Division’s ION GPS meeting. McDonald is publicly credited for helping to develop the ION’s modern-day
conference program model and for having provided
significant conference support. But as someone who
has seen it all from behind the curtain, let me say without equivocation, that actions taken directly by McDonald in the early 1990’s saved
the ION from bankruptcy and dissolution. I consider her a personal
mentor and a protector during my early years at ION. The Institute
owes her our immeasurable gratitude, and I can say with absolute conviction, McDonald’s personal contributions have been as significant as
those of ION’s founding members.
Dr. Y. Jade Morton: ION president 2019-21. Professionally known for her world-wide network of space
weather monitoring stations, scientific applications,
and navigation receiver technology. To ION, Dr. Morton is the originator of the ION’s Pacific PNT Conference (2013) and one of the first people to volunteer to
do anything ION needs to be done. There is literally nothing she can’t do. We know this because she has already done
almost everything and she has the energy to accomplish anything. How
many people can you say that about? Additionally, she is the most fun
to spend an afternoon with (as long as you have invested in a personal
trainer, a good pair of shoes, and don’t have any unknown/pre-existing
medical conditions). Her likability is her superpower, and ION has
been very blessed to have profited from her many gifts.
Karen Van Dyke: ION president 2000-01. A devoted
civil servant who helped incorporate GPS into the
National Air Traffic Control System, Van Dyke has
worked tirelessly to protect GPS spectrum. She was
one of the founding members of ION’s New England
Section (still active today), and she is admirably fast to
recognize the contributions of others. She hosted one
of ION’s best awards programs in my history with the organization, going to great lengths to personalize each winner’s achievements, because
she cares that much.
Francine Vannicola: A mathematician at the U.S.
Naval Research Lab, Francine served as chair of the
PTTI Executive Committee for six consecutive years
and was in this role during the time the PTTI meeting
was transitioned to ION’s suite of meeting member
services. Vannicola is credited with bringing the PTTI
conference to ION to serve the timing community and
ensure continuity and quality for the timing industry. She is reliable,
steadfast and has been a “master clock” of programmatic volunteer
leadership within the timing community.
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GOOGLE CHALLENGE

continued from page 1
already in the market, or currently in use
with existing customers, are not allowed
in the contest. Off-the-shelf products,
components and algorithms are also not
allowed.

Follow ION on Social Media

How It Works
Announced during ION’s 2020
GNSS+ conference, the contest will be
based on two sets of data — an initial set
of GNSS data provided by Google that
comes with corresponding, high-accuracy
ground truth information. This data
will enable teams to tweak and test their
approach during the algorithms’ development phase. The initial test data, comprising some 60 traces plus ground truth
files, are available now at https://www.
kaggle.com/google/android-smartphoneshigh-accuracy-datasets.
Google will then provide the second set
of data in April. These traces will have the
same types of data and follow the same
conventions as the training dataset except

that the ground truth files will not be
provided. The ground truth files in this
case will be held by Google and used for
determining the winning teams.
Questions regarding the datasets can be
sent to android-gps-datasets@google.com.
More information is available at g.co/
gnsstools.
"The judges will be looking for an
algorithm that provides the best overall
results in horizontal accuracy 95 percent
of the time," said Michael Fu a software
engineer with Google who is supporting
the contest. An algorithm that has really
outstanding results a small percentage of
the time is not the goal.
“You cannot cherry pick to give us the
best results,” Fu told the ION Newsletter.
The 95 percent is based on the total
number of epochs, so if you miss an
epoch it counts against your accuracy
number.
The data was gathered in the San
Francisco Bay – San Jose area using four
different phones with android operating

Entering
To be eligible for prizes, at least one
member of the team must register for
GNSS+ 2021 and submit an extended
abstract to the session “HIGH PRECISION GNSS POSITIONING ON
SMARTPHONES CHALLENGE” by
March 5, 2021.
Those teams that want to be peer reviewed and have their full results and paper appear in the conference proceedings
are required to have full results and the
accompanying paper submitted according
to competition and conference guidelines
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systems over a period of months in 2020.
Each trace is roughly 20 to 25 minutes
long and generally free of interference
from trees or buildings.
Fu said they considered gathering more
challenging data but didn’t do so. That is,
however, something they might do for a
future contest. Google’s current plan, he
said, is to continue the contest with ION
on an annual basis.

ollow us!
The Institute of Navigation
(ION) has several social media sites
that allow you to plug in, stay connected, and keep informed.
ION actively shares news, interesting stories, research, and updates
about our journal NAVIGATION,
and conference proceedings through
our social media channels. Our
social media followers are often
the first to know of new programs,
abstract announcements, important
deadlines, job board updates, program changes, and much more.
ION social media sites are a
great way to connect to other ION
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members to hear what they’re doing
and even start a conversation about
a topic of interest to you. The ION
LinkedIn group alone has more
than 2,300 members that include
professionals in PNT from across
the globe. Send us a request through
your personal LinkedIn account to
join the ION LinkedIn group and
follow us on Twitter and Facebook
to stay up to date.
If you enjoy any of our postings,
click “Like,” “Share,” or even comment on the post. It’s the best way
to engage with your peers (especially
in this era of social distancing).
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GOOGLE CHALLENGE

by June 1, 2021.
To enter the contest, results must be
submitted by August 1, 2021. The winners
will present their algorithms and results
and receive their prizes at ION GNSS+.
Google is hoping to see contestants suggest applications that could be enabled if
smartphones were able to self-locate with
greater precision. For example, if android
phones everywhere could find their position with an accuracy of 10 centimeters,
what could happen?
“What applications can we think of?”
said Fu.
"Some of the possibilities are lane-level
navigation and lane-level traffic monitoring," he said, "and Google wants to find
more ideas through the challenge."
Fu encouraged those who might be
thinking about the challenge to join in.
Though his firm is hoping to see decimeter results, he said, the real potential for
improvement is unclear and the company
doesn’t have expectations.

This lineup demonstrates how the four Android phones used to gather data for the
Smartphone Decimeter Challenge were positioned.
Photo courtesy of Google

"Right now cell phone positioning
accuracy is 3 to 5 meters in open sky and
no one knows what the limit is for the
accuracy improvements," said Fu. A good
number might be 1.5 meters with this
dataset.

“This is more like an academic challenge,” said Fu. “So we want to encourage
people to try — to see where’s
the limit.”

RESCHEDULED TO SPRING 2022

PNT
®

INSTITUTE OF NAVIGATION

ion.org/pnt
Winter 2021

Hilton Waikiki Beach
Honolulu, Hawaii

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

Abstracts for 2022 meeting
will be due November 1, 2021
11

ION Newsletter

GNSS Program Updates

News from Systems Around the World
New Space Organizations, Satellites Set the
Stage for 2021

W

ith the BeiDou constellation complete and Galileo
nearly so, the world could soon
see four global, fully operational,
satellite navigation systems vying
for advantage. In recognition of the
changing playing field, some GNSS
organizations have begun adapting — updating their management
structures as well as their hardware
to better fit the current context.
Galileo
The Galileo program will soon
add new satellites, a new parent
agency and a list of contractors that
is missing some experienced players.
A third batch of 12 Galileo
satellites is now under construction
with launch plans penciled in for
2021 through 2023. The addition
of these satellites could bring the
constellation to a very significant
milestone, full operational capability, and add a number of on-orbit
spares. Though all schedules are uncertain given the pandemic, Galileo
appears very close to completion.
That filled-out constellation will
soon be under management by the
new EU Agency for the Space Programme or EUSPA — the successor agency to the European GNSS
Agency (GSA). The key difference
is that the new, much larger, agency
will also manage the Copernicus
Earth observation satellite system
and the Governmental Satellite
Communications (Govsatcom)
ION Newsletter

The GPS III SV04 satellite launches on a Falcon 9 rocket.
Photo courtesy of Joe Marino

program; an effort to insure EU Member
States and organizations can maintain satellite communication. The goal is to create
synergies between the programs.
If that sounds complicated and challenging, at least the offices will be nicer. GSA
launched a contest last fall to refurbish and
upgrade its Prague headquarters, which will
be used by EUSPA.
Meanwhile, the United Kingdom has
been wrapping up its official business as
a member of the Galileo program. The
British firm Surrey Satellite Technology
Limited (SSTL) shipped the last Galileo navigation payload it was contracted
to build to the European Space Agency
(ESA) in November, according to the BBC.
Galileo is considered a security-related proj12

ect by the European Union and only EU
member countries are allowed to perform
sensitive work. Unless there's an exception,
Surrey, which has worked on Galileo for 15
years, is out.
The United Kingdom can still use Galileo, of course, but the UK has given a great
deal of thought to whether it should build
a satnav constellation of its own. The BBC
reports that some in the government have
been weighing whether the OneWeb telecom constellation might play a role in that.
The U.K. is part owner of the firm having
helped save it from bankruptcy in the spring
of 2020. Since then, things have really
turned around for OneWeb and it could,
continued on page 21
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Exhibit Hall: September 22 and 23
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International
Technical Meeting
of the Satellite Division of
the Institute of Navigation
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Book Review

Sailing True North

Ten Admirals and the Voyage of Character
Marvin B. May

T

became a favorite
he book Sailing True
of Prince Zhu Di
North is about naviwho eventually
gation throughout naval
charged him with
history, not the kind
building China’s
of navigation involving
first deep-ocean
position and velocity
fleet and leading
but the kind of personal
it on exploratory
attributes that can help
voyages beyond
one best navigate life.
the traditional
Written by James
range of Chinese
Stavridis — a former
coastal shipSupreme Allied Comping. As a result,
mander of NATO and
Zheng embarked
retired four-star Navy
on a voyage that
admiral with eight other
notably brought
books and hundreds
him to the South
of papers to his credit
China Sea. This
— Sailing True North
was during the
chronicles the challenges
14th century
and accomplishments
— Beijing’s curof ten outstanding
A statue of Zheng He at the Zheng
rent claim on that
naval leaders starting
He Cultural Relic Hall in Malacca,
body of water is
with Themistocles of
Malaysia.
courtesy of O. Mustafin, CC0, via Wikimedia
therefore nothing
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new.
computer pioneer Adm.
Horatio
Nelson’s
challenge
was
Grace Hopper who retired in 1986.
his health, which was poor startStavridis distills from their life stories key
ing in early childhood. “Nelson
characteristics (see box) that contributed
was hardly a giant among men,”
to their military and leadership success.
writes Stavridis. He stood, at
Drawing from both their experiences and
most, five and a half feet tall, was
his own career, Stavridis offers readers lesslight of build and suffered from
sons they can apply to their own lives.
seasickness and other maladies
The profiles of Zheng He, Horatio
throughout his life. Moreover,
Nelson, Hyman Rickover, and Grace
he lost both an arm and an eye
Hopper are especially inspirational for
in combat. But
their examples of overcoming adversity.
Despite a life
Nelson was also
Zheng was a 10-year-old boy when he
of ill health
a
brilliant
naval
stood his ground in front of a conquerAdm. Horatio
officer and comNelson
ing Ming Dynasty general. He was
became
bat leader and a
taken prisoner, castrated, and placed
a brilliant
sincere patriot to
into imperial service as a eunuch. In
naval officer
and combat
the British crown.
such circumstances, many people would
leader.
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lose their faith in life. The boy instead
Photo courtesy of
Wikimedia
naval victory at
capitalized on his situation and gradually
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the Battle of Trafalgar in 1805 ended any
chance of Napoleon invading the United
Kingdom.
Hyman Rickover served in the Navy
from 1918-1982, the longest tenure in
the service’s history, and spent thirty
years of that as a flag officer. One would
suppose this longevity would lead him to
have many friends and connections, but
his Jewish background and acerbic personality made him very much a loner. But
his attention to the details of the design,
acquisition, construction, upkeep, and
safety of a new, revolutionary technology — the nuclear submarine — made
Rickover an indispensable, if not likable,
asset to the Navy.
Female and diminutive in stature — an
unlikely combination to find in someone
able to rise through the ranks of a naval
service still embracing the Tailhook personality. Grace Hopper’s advantage was
her character and sense of vision. From
the moment she started working on naval

Winter 2021
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Key Life Characteristics
1. Creativity: A willingness to embrace new innovations that challenge old ways.
2. Resilience: The ability to perform well after defeats and setbacks.
3. Humility: Avoiding the toxic quality of arrogance, especially in
this era of social media.
4. Balance: Taking all things in moderation.
5. Honesty: Being truthful, no matter what the cost.
6. Empathy: Trying to understand the situation, mindset, and challenges that others are facing.
7. A Sense of Justice: Admitting there is injustice and starting on
solutions can move the needle towards a more just world.
8. Decisiveness: Seize the initiative, move out, and then adjust as
necessary.
9. Determination: Stavridis quotes Winston Churchill from the
early days of World War II: “Never give in, never, never, never,
never — in nothing, great or small, large or petty — never give in
except to convictions of honor and good sense.”

Adm.
Hyman
Rickover
Photo
courtesy of
Naval History
and Heritage
Command

problems during World War II until her
improbably long career ended forty-two
years later, she had a consistent vision for
moving the Navy into the computer age.
Her expertise in mathematics and computer science helped the Navy transition

Winter 2021

10. Perspective: The gift of not taking oneself too seriously.

into the real time detection, tracking and
engagement of multiple targets.
Sailing True North is a must read for
those in leadership positions or those
striving to attain them. Stavridis attempts
to make the argument
that all of us need to
continuously evaluate ourselves in the
context of the characAdm. Grace
ter traits illuminated
Hopper presby these leaders. “The
ents a length
constant process of
of wire
representing
self-examination,” he
the distance
says, “is at the heart of
an electron
moves in
improving our chara nanosecacter, which is indeed
ond during
the work of a lifetime
groundbreaking
for us all.”
ceremonies
At times, the book
for the Grace
comes across as an
M. Hopper
Navy Reoverbearing self-help
gional Data
guide. Several chapters
Automation
refer to the giant of
Center.
Photo courtesy
Greek literature Nikos
of Naval History
and Heritage
Kazantzakis’s tombCommand
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stone, which is famously engraved with
three simple sentences: “I want nothing. I
fear nothing. I am free.” The author states
that the degree to which one can develop
that attitude in life is often reflective of
the degree to which one’s character can
be free to achieve greatness. For those of
us who want to lead a less stoic, more
laid-back life, or are beyond the reach of
self-help literature, Sailing True North is
at least a fascinating description of the
conquests and failures of ten naval luminaries.
Marvin B. May is a Professor Emeritus
of Navigation at the Pennsylvania State
College, an ION Fellow and the 2006 winner of the Institute of Navigation’s Captain
P.V.H. Weems award for continuing contributions to the art and science of navigation.
His emails are mayven4@comcast.net and
mbm16@psu.edu. Nominations for the
Navigation Hall of Fame may be sent to the
above emails.
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Defense Matters

U.S. Leading from the Front on
Space Initiatives
(But Losing Ground on a Backup for GPS)

T

advocacy, and effort to bring American space policy into the 21st
century.”
“This effort has been so complete,” Brookings wrote, “that it is
fair to say that there has not been a similarly dedicated effort in
government since the Kennedy administration and the original
moonshot.”
If you grew up in the late 1950’s, watching this webcast event
sparked memories of the excitement surrounding the very early
days of the Space Race when the first seven Mercury astronauts
— Scott Carpenter, Gordon Cooper, John Glenn, Gus Grissom, Wally Schirra, Alan Shepard, and Deke Slayton — were
introduced.
As I watched the introduction of the Artemis astronauts, I
found myself wondering if this fresh dedication to space will lead
to a rekindling of today’s school-age children pursuing careers
in science, technology, engineering and math similar to how the
Space Race captivated many of us nearly 60 years ago.
One can hope that will be the case, but only time will tell.

hough 2020 was filled with extraordinary difficulties, and many were
glad to see it end, it was a banner year for
space. The last 12 months saw the release
of a new wide-ranging National Space
Policy on December 9, the one-year anniversary (December 20) of the United
States Space Force (USSF) as the sixth
branch of the U.S. armed forces, and the
return of human missions to space from
the U.S. with the May 30 launch of the
SpaceX Dragon 2/Falcon 9.
Though I wish to avoid the toxic
arena of politics, I do believe this nation’s
renewed focus on space will be a very
significant legacy of the previous administration. For our nation’s economy, as well
as our national security assuredness, the
elevation of space as a priority provides
new and exciting opportunities. It offers
promising careers for the next generation,
stimulates commercial space opportunities, and ultimately keeps the U.S. on the
cutting edge of technology investment.
These developments also place our
country back in a leadership role with
programs other space-faring nations will
want to emulate.
The new December 9 Space Policy was
released by Vice President Mike Pence
at the Kennedy Space Center. Pence also
took the opportunity to introduce the
18 astronauts chosen as the initial team
for the Artemis program. Their work will
get the U.S. back to the Moon as a step
towards a permanent presence and missions beyond.

Space Policy on GPS
Let us now shift our attention to Positioning, Navigation, and
Timing (PNT). The December 9 National Space Policy does
contain language on space-based PNT systems saying that the
“…United States must maintain its leadership in the service,
provision and responsible use of GNSS.”
In advancing this goal, the policy goes on to state that access to
the services of GPS and its government-provided augmentations
would remain free of direct user fees.
The policy also includes language encouraging engagement
with other like-minded Global Navigation Satellite System
(GNSS) providers to ensure compatibility, encourage interoperability and promote transparency in the provision of civil service
and enable market access by U.S. industry.
Without specifically mentioning military GPS services, the
policy does “allow for the continued use of allied and other
trusted international PNT services in conjunction with GPS” to
ensure the resilience of PNT service as consistent with applicable
law.
Including the phrases “trusted international PNT” and “consistent with applicable law” sidesteps a perception that strengthening the resilience of military GPS services with foreign PNT
services, as noted in the 2010 Obama era Space Policy, suggested
that all foreign GNSS services should be considered for inclusion
in the U.S. military’s assured PNT initiatives.

Doug Taggart

President
Overlook
Systems
Technologies, Inc.
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Inspired Once More
A Brookings Institute blog editorial1
indicated that the National Aeronautics
and Space Administration (NASA) and
the invigorated National Space Council
“should be commended for their vision,
16
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Vice President Mike Pence introduces astronauts in NASA’s Artemis program during the Dec. 9 meeting of the
National Space Council at the Kennedy Space Center.
Photo Courtesy of NASA

Getting a GPS Backup
Although the policy is focused on
space-based PNT, it does go beyond the
space domain to “identify and promote,
as appropriate, multiple and diverse
complementary PNT systems for critical
infrastructure, key resources and mission
essential functions.”
But in its closing bullet, the policy falls
short of the 2010 Obama Space Policy
which included a statement that the United States shall, “Invest in domestic capabilities ….and identify and implement, as
necessary and appropriate, redundant and
back-up systems or approaches for critical
infrastructure.”
In electing to avoid a direct reference
to a backup investment, the new policy
parallels the February 12, 2020 Executive Order on Strengthening National
Resilience through Responsible Use of
Positioning, Navigational and Timing

Winter 2021

Services by ending the PNT section with
the bullet, “Promote responsible use of
space-based PNT services and capabilities in civil and commercial sectors at the
Federal, State, and local levels, including
the utilization of multiple and diverse
complementary PNT systems or approaches for national critical functions.”
While the previous administration softened policy on development of a national
GPS backup in favor of encouraging the
private sector to use complementary PNT
services, Congress continues to apply
pressure on the Department of Defense
(DoD) to be the forcing function across
the interagency to address backup of both
civil and commercial GPS uses.
The 2021 National Defense Authorization Act (NDAA), enacted into law
following a vote in both houses of Congress to override a veto by then-President
Donald Trump, directs the Secretary of

17

Defense to, “...consult with the National
Security Council, the Secretary of Homeland Security, the Secretary of Transportation, and the head of any other relevant
Federal department or agency to enable
civilian and commercial adoption of technologies and capabilities for resilient and
survivable alternative positioning, navigation, and timing capabilities to complement the global positioning system.”
It will be interesting to see how the
new Joe Biden Administration decides
to proceed with these initiatives in space,
and whether it will provide additional
helpful or specific direction to the agencies to address potential vulnerabilities
from an overreliance on GPS for our
national critical infrastructure needs.
1
https://www.brookings.edu/blog/orderfrom-chaos/2020/12/14/what-you-mayhave-missed-in-the-new-national-spacepolicy/
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ION TECHNICAL
REPRESENTATIVE
SPOTLIGHT

This column features one of ION’s
Technical Representatives each quarter
to highlight the depth and breadth of
their work, research, and interests.
During their two-year terms, the ION’s
Tech Representatives guide and advise
the Institute of Navigation and the
positioning, navigation, and timing
(PNT) community. — Interview and
write-up by Dr. Kyle Wesson

D

r. Alexander (Sasha) Mitelman and I
spoke between Christmas and New
Year’s Day, while he worked from home
and tended to family matters during the
COVID-19 pandemic. Sasha has spent
the last few years in San Francisco in
both startup and consulting roles. He has
been running his own GNSS consulting
firm since 2013, providing a range of services from navigation forensics, numerical analysis, and remote sensing to due
diligence on intellectural property. Some
of his recent work has focused on helping
companies understand the accuracy, precision, and reliability of their GPS raw
data whether from after-the-fact forensic
sleuthing or for forward-looking autonomous vehicle startups. Sasha received his
Ph.D. in 2004 from the Stanford GPS
Lab (Standford University, Stanford California) with his dissertation titled “Signal
ION Newsletter

Alexander
Mitelman

Quality Monitoring for GPS Augmentation Systems.”
His 2021 goals include continuing to
grow his consulting business. Now that
L2C, BeiDou, and Galileo signals are increasingly integrated into current chipsets
more companies are looking for outside
expertise to help them design and integrate these services into their products.
He also aims to stay as fit as the COVID
situation allows, most likely by putting in
plenty of miles on his road bike around
the San Francisco Bay Area.
Sasha has been an avid photographer
for 30 years and he kindly offered to share
a few of his notable photographs as part
of this spotlight. Read on to learn more
about Sasha and his involvement with the
ION.
To everyone, have a safe and healthy
2021. Goodbye 2020! — Kyle Wesson
1. How did you first get involved with
ION?
I first attended ION GPS 1997 in
Kansas City, Missouri shortly after joining the Stanford GPS Lab. Our group
presented a number of papers at that
conference; I was a coauthor on one of
them, my first publication.
18

What is your favorite aspect of being a
member of ION?
It is the ION community, definitely.
The Institute includes so many talented,
knowledgeable, and dedicated members across all areas, including industry,
government, and academia. I particularly
enjoy the conviviality I’ve found here —
not only the large, high-profile technical
meetings but also in various smaller, less
formal gatherings.
3. What type of GNSS work do you do
currently or have you done in the past?
I run my own engineering consultancy (amm-technical-consulting.com).
Recently, I’ve done projects involving
ultra-high-accuracy applications for autonomous vehicles, forensic analysis, and
interference detection and mitigation. I
also taught a graduate-level introductory
GNSS course a few years ago and have
been asked to teach it again in the spring.
4. What do you consider some of the
most important current research, education, policy, or technical topics in
GNSS for the next year?
First, to borrow Prof. (Brad) Parkinson’s phrase, it would serve us well to
focus on PTA (Protect, Toughen, and
Augment). The LightSquared/Ligado
matter is front-of-mind for many, obviously, but jamming and spoofing are also
major concerns — and perhaps more difficult to protect against, because these are
unlikely to come from a single, known
entity. PTA will necessarily involve both
technical and regulatory pieces, so I
would expect many people and organizations will contribute.
Second, I’m excited about GNSS in
autonomous transportation. Clearly, a
practical solution will require more than
just satellite-based PNT — but it is not
obvious to me that any of the “local environment” systems, including those based
on LIDAR, radar, and image processing,
are suitable for long-range navigation,
say for a cross-country road trip, on
their own. Moreover, the high-integrity
techniques developed for existing safetyWinter 2021
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of-life applications (e.g. aviation) will need to be substantially expanded and adapted for
automotive scenarios because
the environment at ground level
is far more challenging in some
respects.

Winner of the 2005 Parkinson Award.

5. What areas of ION have you
been involved in, and what
areas do you hope to see grow
in the future?
I’ve served as a session and
track chair at a number of ION
meetings over the past 20+ years
and have helped evaluate submissions for the Student Paper
Awards several times. Recently, I
was honored to be elected to the
ION Council for 2021-2023 as

a Technical Representative. One area in
which I would love to make a contribution is to encourage new members to join
our community, not only from academia
and navigation-related industries but
also from other areas. For example,
I’ve had conversations with otherwise
highly scientifically literate colleagues that
revealed somewhat miscalibrated ideas
about what GNSS can and cannot do. So
I’m interested in the educational/evangelism aspect of our interactions with the
broader technical community.
6. If you were not in your current field,
what would you want to do for a living?
I would find myself teaching, most
likely one or more STEM fields, at any
level.

Clockwise from left:
A lioness carries her
cub to safety from a
nearby pack of hyenas
(Serengeti, Tanzania,
Mar. 2020).
Japanese macaques
rest in a hot spring
(Nozawa, Japan,
Mar. 2013).
A sea eagle soars on extended wings (Lofoten
archipelago, Norway,
Jul. 2009).
The Giza pyramids
loom over two horsedrawn carriages (Cairo,
Egypt, Dec. 2008).
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GPS POLICY UPDATE

continued from page 1
Committee (ExCom). Co-chaired by
deputy secretaries of the Departments of
Defense and Transportation, the committee is the crucible where agencies coordinate plans and work out their issues. In
a nod to the expanding importance of
PNT, the White House added seven new
members including the Office of the Director of National Intelligence (see box).
Interestingly, some previously established members got bumped. Representatives of the Executive Office of the
President, like the Office of Management
and Budget and the National Security
Council staff, will no longer have standing initiations to observe though they
can be invited. Also, no longer on the
automatic-admission list is the chairman
of the Federal Communications Commission (FCC), which manages the use of
spectrum by the commercial sector.
The requirement to have an FCC
representative in the meetings was set in
2004 in National Security Presidential

Directive 39. It became problematic,
however, when the ExCom needed
to discuss issues raised by a request
from the Virginia firm Ligado to the
FCC. Ligado wanted to use spectrum
neighboring the GPS band for telecommunications including 5G service.
The request eventually put the FCC,
an independent agency that answers
to Congress, at odds with many of the
federal agencies. The FCC approved
Ligado’s request in April despite fierce
opposition from the GPS community
and a number of lawmakers.
That does not mean that spectrum
regulators will not have a role in the
discussion. The administrator of the National Telecommunications and Information Administration (NTIA), which
regulates government use of spectrum,
will now be at each meeting. The FCC,
like any other organization, can also be
invited to join the discussion on a caseby-case basis.

The National
Space-Based
PNT Executive
Committee
Existing Members
Department of Defense (co-chair)
Department of Transportation
(co-chair)
Department of Agriculture
Department of Commerce
Department of the Interior
Department of Homeland Security
Department of State
Joint Chiefs of Staff
National Aeronautics and Space
Administration
New Members
Department of Energy
Department of Justice
Department of the Treasury
Office of the Director of National
Intelligence
Administrator of the National Telecommunications and Information Administration (ex officio
member)
Chairman of the National SpaceBased PNT Advisory Board
(advisor)

Premium Professional
Membership
“Upgrading to Premium Professional
Membership has given me additional
support for my research. With
downloads of up to 25 papers per month
from the ION database, I have direct
access to highly-specialized technical
papers from ION’s conferences and
peer-reviewed articles related to PNT.”

Allison Kealy, ION Member
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Corporate
Profile
oneNav

www.onenav.ai

oneNav is a venture backed
startup powering higher
performance positioning for
location dependent mobile
services. Based in Silicon
Valley, oneNav is developing a next generation,
wideband Pure L5 mobile
GNSS receiver core IP for
smartphones, wearables
and IOT devices. oneNav’s
team comprises top GNSS
experts from industry leaders across the entire chain
from silicon design to AI/
ML algortihms. oneNav’s
system was built from the
ground up to fully leverage
the modernized L5 signaling band available from
the U.S. GPS, EU Galileo,
Chinese Beidou and Japanese QZSS GNSS navigation satellite constellations
without any reliance on the
legacy L1 signals. oneNav
utilizes the full 50MHz of
data available from the L5
signal and extracts detailed
channel characteristics from
the wideband signal, which
are then processed using
AI techniques to remove
multipath error sources, delivering high accuracy. oneNav’s solution will provide
superior accuracy (1-2m) in
urban canyons using a simplified, single band receiver
and available as an IP core
for licensing into a variety
of silicon processes.
For more information on
corporate membership in the
Institute of Navigation, please
contact Kenneth P. Esthus at
703-366-2723 extension 1004
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Calendar of Upcoming Events
AUGUST 2021
24-27: ION Joint Navigation Conference
(JNC) 2021,
NEWLY
Northern Kentucky
RESCHEDULED
Convention Center,
DATES
Greater Cincinnati,
Ohio and AFIT,
WPAFB, Dayton, Ohio
Contact: ION
Web: ion.org

NOVEMBER 2021
15-18: NAVIGATION 2021,
International Navigation Conference
(INC); European Navigation
Conference (ENC) and the
Institutes of Navigation (IAIN)
World Congress, Edinburgh,
Scotland
Contact: RIN
Web: www.rin.org.uk

SEPTEMBER 2021
20-24: ION GNSS+ 2021, St. Louis Union
Station Hotel, St. Louis, Missouri
Contact: ION
Web: ion.org

continued from page 12
perhaps, expand its horizons. The company
announced January 15 that it had raised $1.4
billion in total funding from investors including SoftBank and Hughes Network Systems.
GPS
In the United States, the establishment of
the Department of Defense’s Space Force got
fully underway in 2020. Created to elevate
military space programs, including GPS, and
reduce competition for funding, the organization is also being designed to be faster and
more agile.
On the hardware side, the new Space Force
completed the launch of the forth space vehicle in the GPS III series in November. The
Space Force gave SV04 operational approval
on December 1. The next spacecraft in the
series, SV05, will launch no earlier than July
2021.
BeiDou
The BeiDou system, comprising 30 satellites with 24 in mid-Earth orbits, three in
geosynchronous orbits, and three in inclined
geosynchronous orbit, was completed last
year and declared operational on July 31.
A China Satellite Navigation Office report
issued last spring said the output value of the
system had climbed to 345 billion Yuan in
2019 and was expected to top 400 million
Yuan or $61.6 billion in this-year dollars by
the end of last year, according to the Xinhua
21

news service.
The valuation incorporates overall
PNT services as well as value-added
services like global search and rescue assistance, short message communication,
ground-based and satellite-based augmentation, as well as precise point positioning, the Xinhua News Agency reported
in December. Both the short message
and precise point positioning services are
strictly regional at this time.
GLONASS
As of January 18, the Russian
GLONASS system had 28 satellites in
its constellation including one spare,
two undergoing maintenance, and two
more in their test phase, according to
the Information and Analysis Center for
Positioning, Navigation and Timing in
Korolyov Russia. Eight spacecraft are in
production with launches planned for
this year through 2023, according to the
GNSS+ 2020 presentation by Roscosmos.
Interestingly, GLONASS engineers, like
the GNSS community in the U.S., are
worried about the impact of 5G on their
signals. According to the presentation,
there is a potential for spurious emissions
at the second harmonic, and research is
necessary to understand the potential
impact of a large number of 5G operating
terminals.
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ION Election Results

O

n January 29, 2021, at the conclusion of the ION’s International
Technical and ION Precise Time Transfer
and Time Interval meetings, the following
newly elected officers were set to begin
their two-year terms:
President:
Dr. Frank van Diggelen
Executive Vice President:
Dr. Sherman Lo
Treasurer:
Dr. Frank van Graas
Eastern Vice President:
Dr. Jason Rife
Western Vice President:
Mr. Tim Murphy
Eastern Council Members-at-Large:
Dr. Seebany Datta-Barua
Dr. Sanjeev Gunawardena
Western Council Members-at-Large:
Dr. Jihye Park
Dr. Paul McBurney
Technical Representatives:
Dr. Fabio Dovis
Dr. Christoph Günther
Dr. Allison Kealy
Dr. Nobuaki Kubo
Dr. Alexander Mitelman
Dr. Madeleine Naudeau
Ms. Laura Norman
Dr. Joe Rushanan
In addition to those elected above, Dr.
Y. Jade Morton, Ms. Patricia Doherty,
and Mr. John Langer will continue to
serve on the ION Executive Committee as
Immediate Past President, Satellite Division Chair and Military Division Chair,
respectfully.
The following standing committee
chairs were also appointed to two-year
terms:
Awards Committee Chair:
Dr. Michael Meurer
Bylaws Committee Chair:
Ms. Deborah Lawrence
Ethics Chair:
Dr. Heidi Kuusniemi
ION Newsletter

Fellow Selection Chair:
Dr. Terry Moore
Finance Chair:
Dr. Gary McGraw
Meetings Chair:
Mr. Jeff Martin
Membership Chair:
Dr. Okuary Osechas
Nominating Chair:
Dr. Y. Jade Morton
Publications Chair:
Dr. Richard B. Langley
Technical Committees Chair:
Dr. Sherman Lo
Chinese Satellite Navigation Conference (CSNC) Promotes ION GNSS+
The CSNC was held November 23-25,
2020 in Chengdu, in China’s Sichuan
province. This was China’s Satellite Navigation Office’s 11th Satellite Navigation
Conference and the first since BDS-3
was completed and formally commissioned. The conference focused on new
requirements for BDS in an era of global
services with a robust technical program
and commercial exhibit. The conference
hosted over 4,000 participants.
Jeff Auerbach of the U.S. State Department addressed the conference delegation
via a pre-recorded presentation on behalf
of GPS in the system update session
chaired by ION Fellow, Professor Yuanxi
Yang.
Additionally, the
CSNC conference
organizers generously
helped promote ION
GNSS+ in the event’s
exhibition area by playing the ION’s promotional video. CSNC
2021 is planned to
be held in Nanchang,
Jiangxi in May 2021.
See the ION GNSS+
video shown at the
22

CSNC at https://www.ion.org/gnss/index.cfm.
Navigation 2021, 15-18 November 2021
Bringing together the RIN’s INC and the
EUGIN’s ENC in 2021
Navigation 2021 combines two established conferences — the International
Navigation Conference (INC), organized
by the Royal Institute of Navigation,
and the European Navigation Conference (ENC), organized by the European
Group Institutes of Navigation. The goal
is to bring diverse disciplines together
to stimulate insights and knowledge sharing towards a more navigable world.
The event is about much more than
technology innovation; it will also
showcase science and research from
across the wider community, including
animal navigation, cognition, and human
factors. The conference invites participation from across government, academia,
and industry. The call for papers is now
open; more information can be found
at the conference website at rin.org.uk/
Navigation2021.
The conference will be held virtually via a highly interactive platform,
which will enable delegates to make new
contacts and exchange ideas. If possible,
an in-person element will be added as an
option during 2021.
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Prof. David Last
Tribute Fund
Established
A tribute fund has
been established by
the Royal Institute
of Navigation, in
Prof. David Last
Photo courtesy RIN
memory of Prof. David Last, that will enable student participation in, and presenting at, navigation
conferences and symposia. One hundred
percent of donations will go directly to
this student program. See https://rin.
org.uk/donations/fund.asp?id=19676 for
more information or to make a donation.
In Memoriam
Dr. Myron Kayton
passed away in May
2020 from Covid-19.
He was an internationally recognized
expert in inertial
navigation, guidance and control. He
had over 50 years of experience designing
and testing avionic, navigation, communication, and computer-automation

systems. As a consulting engineer for
Kayton Engineering Company, he
worked on several automotive electronic
systems, automated process systems,
upper-stage spacecraft, a satellite interceptor, commercial communication
systems, numerous aircraft avionic
systems, and a dozen land navigators. He
is perhaps best known for his role as the
deputy director for guidance and control
for the lunar module that landed man
on the moon during the Apollo Project.
He worked with TRW, NASA’s Johnson
Space Center, and Litton’s Guidance and
Control Division. Dr. Kayton was an author, a registered electrical and mechanical engineer and an instrument-rated
pilot. He was a Life Fellow of the IEEE
and served two terms as president of the
IEEE’s Aerospace and Electronic Systems
Society. He was a recipient of the IEEE/
ION’s PLANS Kershner Award (2006).

Dr. Rolf Johannessen, founder of
Lambourne Navigation, died in September 2020 at the
age of 83. He was a
long-time member
and great enthusiast
for ION. His navigation interests were
focused mainly on technical developments
in radio navigation technology and equipment. He invented the Radio Lighthouse,
which was patented and built by the British firm STL. At STL, he was part of the
team that created the UK’s first militarygrade GPS receivers and anti-jam antennas. His team developed RAIM techniques
and sophisticated modelling tools that
supported civil aviation implementation of
GPS, GNSS, and augmentation systems.
Rolf was recognized as one of the UK’s
leading authorities on the implementation
of GPS for maritime and aviation systems.
He was a Fellow of the Royal Institute of
Navigation (RIN) and a past recipient of
RIN’s Richey Medal (1993).
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