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LET’S MEET UP – IN PERSON!

Join Us at
ION GNSS+
and the Joint
Navigation
Conference

A

ll Zoomed out? Can’t spend one
more minute on a conference call?
Come meet in person with current and
future colleagues at ION’s Joint Navigation Conference in Covington, Kentucky
(the Greater Cincinnati, Ohio Area) and
ION GNSS+ 2021 in St. Louis, Missouri. You’ll get a chance to catch up
with the latest research and connect with
continued on page 18

SUCCESSFUL LAUNCH OF GPS III SV05 SATELLITE
COMPLETES GLOBAL M-CODE COVERAGE

Path Cleared for Broad Military
Use of Refurbished Boosters

T

he successful
launch this
spring of the fifth
GPS III satellite
completed a key step
in an effort begun
some 16 years ago.
It was in 2005
that the Air Force
launched the first
satellite capable of
broadcasting the
military’s M-Code,
a stronger signal
that is more resistant to jamming.
The launch of GPS
III space vehicle
5 (SV05) on June
17, 2021, completed the minimum
complement of 24
spacecraft needed
to provide M-Code
coverage globally.
The launch of GPS III SV05 took place on June 17, 2021.

Both conferences have unique exhibitors
available to answer questions.

Photo Courtesy of Joe Marino
Faster and Faster
The new satellite
replaced an aging GPS IIR spacecraft in
slot D1. The Space and Missile Systems
Center (SMC) transferred satellite control
authority to the 2nd Space Operations
Squadron (2 SOPS) on June 28. Less
than a day later, on 29 June, GPS III

SV05 received operational acceptance
approval.
If that seems fast, it’s because it is. The
team expected to make the transition
from launch to satellite control authority

Photo from the ION archive
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PRESIDENT'S COLUMN | DR. FRANK VAN DIGGELEN

Meet Me in St. Louis!
Satellite Division Convenes in
September

I

Military Division Convenes in August
The Military Division will be meeting in person, for the Joint Navigation
Conference (JNC) August 24-27,
2021, at the Covington Convention
ION Newsletter

ION President Dr. Frank van Diggelen, with his dog “Mookie,” sharing his experience with
ION GNSS+. For full video see ION’s YouTube channel: https://youtu.be/-pRSfd6WwN4

Center, Covington, KY (in the greater Cincinnati area), with the classified session being hosted by the Joint Navigation Warfare
Center. The JNC program is strong, and the
exhibit hall is at capacity as U.S. military,
government, and government contractors
work on enhancing resilience for warfighters
and homeland security PNT.
This year’s JNC conference will
feature keynote speeches by William B.
Nelson, director, Assured Positioning
Navigation & Timing (APNT) Cross
Functional Team (CFT), U.S. Army
Futures Command; Ray Chartier Jr.,
safety of navigation mission manager, National Geospatial Intelligence
Agency; General David D. Thompson,
vice chief of space operations, U.S.
Space Force; Dr. Bradford Parkinson,
Stanford Center for PNT; Major General DeAnna M. Burt, commander,
Combined Force Space Component
Command, U.S. Space Command,
and deputy commander, Space Operations Command, U.S. Space Force.
The conference has also added new
panel discussions on the topics of Military GPS User Equipment (MGUE)
integration, rapid agile development
and manufacturing, and the national
critical infrastructure threat and Com-

batant Command Joint Urgent Operational Need (JUON).
ITM/PTTI 2022 on Schedule to Meet
In-Person January 2022
We are hoping that by January 2022,
our international members will once
again be able to join us with normal

Follow ION on Social Media

t has been a long year of physical
separation from our extended community. But in the U.S., there is the
first light of a new dawn, and ION is
eager to greet you as we plan to reconvene in person this summer.
ION GNSS+ 2021 will be held in
person, September 21-24, 2021, at the
beautiful St. Louis Union Station Hotel
in St. Louis, MO. We will also provide
virtual access to the technical program
for those still unable to travel due to the
impacts of COVID-19. The ION will
again host CGSIC
"Attending this
(the Civil GPS
conference is
Service Interface
the single most
Committee) before
important thing
ION GNSS+.
you can do for
The CGSIC, and
your career this ION panel discusyear."
sions, and the ION
plenary session will
live stream for virtual attendees. The
plenary session features two keynote
addresses: Towards a Smart Digital
Reality: Building a Sustainable Future,
by Dr. Burkhard Boeckem, NOVAtel
and Artemis — Return to the Moon,
by Mr. Steven Clarke, NASA.
ION GNSS+ 2021 will be my 30th
ION GNSS. My first GPS boss, Dr.
Alison Brown of NAVSYS Corp., introduced me to ION and I first attended
“ION GPS” in Albuquerque, NM, in
1992. At ION GNSS+ you will meet
the people shaping the future of GNSS.
Attending this conference is the single
most important thing you can do for
your career this year. I’m excited to be
traveling again, and I hope you are, too.
Meet me in St. Louis!
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border access, and we are planning a full
International Technical Meeting, colocated with the Precise Time and Time
Interval (PTTI) Systems and Applications Meeting, to be held in Long Beach,
CA, January 24-27, 2022.
Additionally, ION plans to present
ION annual awards and name ION Fellows during this ITM/PTTI 2022. Please
consider nominating a worthy colleague.
The nomination process and forms are
available at ion.org/awards. Nominations must be received in proper form by
October 15 to be considered.
I am looking forward to greeting you
personally at ION GNSS+ in St. Louis,

INSTITUTE OF NAVIGATION

The Purpose of the ION®
Founded in 1945, The Institute of Navigation is the world’s premier non-profit
professional society advancing the art and science of positioning, navigation
and timing.
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S

ubmit your nominations
today for ION’s Fellows and
Annual Awards at ion.org/awards.
All nominations must conform
to ION nomination guidelines.
Details of the nomination process
and forms are available at ion.
org/awards. Nominations must
be received in proper form by
October 15 to be considered.
The Institute accepts
nominations for the following
annual awards:
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Per Enge Early
Achievement Award
recognizing an individual
early in his or her career who
has made an outstanding
achievement in the art and
science of navigation.

Superior Achievement
Award
recognizing individuals who
are practicing navigators
and have made outstanding
contributions to the
advancement of navigation.

Distinguished PTTI
Service Award

recognizing outstanding
contributions related to the
management of PTTI systems.

Captain P.V.H. Weems
Award

recognizing contributions to the
art and science of navigation.
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Tycho Brahe Award

recognizing outstanding
contributions to the science of
space navigation.

Norman P. Hays Award
recognizing outstanding
encouragement, inspiration
and support contributing to the
advancement of navigation.

Colonel Thomas L.
Thurlow Award

recognizing outstanding
contributions to the science of
navigation.

Election to Fellow
membership

recognizes the distinguished
contribution of ION members
to the advancement of the
technology, management, practice
and teaching of the arts and
sciences of navigation, and/or
for lifetime contributions to the
Institute.
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HURRICANE HUNTERS

Navigating the Eye of the Storm

I

t’s good to be able to depend on GPS,
especially when flying through a hurricane.
Lt. Commander Brian Richards, who’s
served as navigator on numerous flights
for the National Oceanic and Atmospheric Administration — and who has
flown through a hurricane more than
100 times — said he’s only had “a little
bit of an issue” with GPS reception on
NOAA flights, primarily around the polar
regions.
Richards is a hurricane hunter, one
of a skilled group of airmen who help
scientists gather data to understand and
anticipate these destructive tempests by
flying through what NOAA's deemed the
most violent storms on Earth.
“If we can get better data, we can feed
better models. Then we can increase the
amount of time that we can notify communities about some impending weather
event that may affect them adversely,”
Richards told the audience of ION’s
May 27 webinar on navigating through
hurricanes.
Miss Piggy, Kermit, Gonzo…
In addition to being a navigator,
Richards is an instructor and the Chief of
Training at NOAA’s Aircraft Operations
Center in Lakeland, Florida. The center
is home to a fleet of 10 planes of which
most are lighter aircraft for missions
including coastal mapping, snow and
marine mammal surveys.
Two of the three heavier aircraft are
Lockheed Martin WP-3D Orions (often
referred to as P-3s). They are affectionately called Kermit and Miss Piggy. The
third, nicknamed Gonzo, is a Gulfstream
IV. In addition to carrying instruments
into the heart of hurricanes these planes
are used to validate satellite data, study
climatic influences in the Arctic, and
research tornado formation.
“We really love these aircraft,” said
Richards. “They’ve been with NOAA
since the 1970s and they were built specifically for NOAA.” That said, Richards
ION Newsletter

Hurricane1 Flight Director
Ashley Lundry
leads crew
briefing inside
NOAA WP-3D
Orion N42RF
Kermit before
Tropical Storm
Eta
Image courtesy
Lt Cmdr Doremus
NOAA Corps

explained, the P-3s are not structurally
different from the other P-3s that came
off the Lockheed Martin line. “There’s
nothing added to the structure of the
plane that allows us to, in some way,
shape or form, take on more forces.”
…and a “smurf”
What Kermit, Miss Piggy and Gonzo
have that most other planes don’t are radars, instruments and sensors — lots and
lots of sensors.
The Doppler radar on the tail can get a
nearly 3-D image of the weather the team
is flying in or near. Those images and
other data are used to build 3-D models
of the weather system. The nose of the
plane has a C-band radar, controlled by
the pilots, that’s primarily reserved for
safety of flight and situational awareness.
There is also a multi-modal X-band
radar for high-resolution, long range scans
that support safety of flight as well as data
gathering.
Also onboard is the SFMR or “smurf,”
more fully known as the Stepped Frequency Microwave Radiometer. SFMR
data, combined with information from
other sensors, enables the team to determine wind speed at the surface of the
water body over which they are flying.
“Ultimately that’s what we want to
4

know,” said Richards. “That’s the data
that supports the intensity forecasts for a
hurricane.”
Among the other sensors that may fly
on a hurricane mission are dropsondes,
a package of instruments topped with a
parachute that gets pushed out the back
of the aircraft above or around the hurricane. As a dropsonde descends it measures wind speed, pressure, temperature
and humidity. These measurements at
different altitudes give scientists a vertical
profile of the weather.
“We want to collect the environmental data (about what) is feeding the
hurricane so that we can better track,
and better model, what the hurricane is
going to potentially do in the future,”
Richards said.
The team might drop dozens of
dropsondes during a mission or just one.
It depends on the mission, or missions,
the team is facilitating.
“I have been on a mission where we
have dropped one sonde and then I’ve
also been on hurricane missions where
we have dropped on the order of 30 to
40 sondes,” said Richards.
Navigation
The P-3 aircraft are equipped with two
GPS-embedded inertial navigation units
Summer 2021
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and two GPS antennas.
“One of those GPS antennas actually
goes into a splitter and diverts to both
of the inertial navigation units, and then
those navigation units can determine a
GPS-blended solution,” said Richards
“That’s typically what we use to drive the
safety-of-flight systems.”
The second GPS antenna can be utilized by the sensors in the back, he said,
“and there are multiple splitters from
both GPS antennas that go to an exorbitant multitude of different sensors that
utilize position and even true air speed
— things that get pulled off our inertial
navigation units.”
The inertials backup the GPS receivers.
Though Richards has had little trouble
receiving the GPS signal during NOAA
flights, he did lose GPS entirely during

some of the missions he was on while
in the Navy. Even so, he said, “we were
fine.”
“The inertial navigation units have essentially a self-monitoring system within
them that allows a certain amount of drift
or not. So, I monitor that.” He added
that he had “very, very rarely” seen the
inertial navigation units themselves drift
out of tolerances, but it had occasionally
happened.
If one but not both units are out of
tolerance, Richards said, he can maneuver
the entire solution, driving the solution
to the second unit. This enables him to
realign the first unit off the second.
He noted, however, that if an inertial
unit is drifting out of tolerance, it’s usually going to continue to do that — and
that is a concern.

Left: A typical butterfly flight pattern
has the plane crossing and recrossing
through the eye of
the hurricane.
Image courtesy of NOAA

Below: The path of
a flight flying the
butterfly pattern
that might be used
when studying a
hurricane.
Image courtesy of NOAA
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“If we were pretty far from home,” said
Richards, “that would be a situation that
I would bring up to the aircraft commander and say: ‘Hey, this is something.
We’ve lost one of our systems. We have a
backup system — we’re on our redundant
system — maybe we need to consider
heading home and breaking off at this
point.’”
Storm Prep
As the team prepares for a flight,
Richards checks his equipment and works
with forecasters and NOAA’s flight director, who serves as the in-flight meteorologist, to verify the storm’s path.
“I have to do some dead reckoning —
because the storm is moving itself — and
pick the best solution for where we need
to place the WRA (weather reconnaissance area) so that we can safely do it,
safely operate where we want to operate,”
he said.
A weather reconnaissance area is
a section of temporarily restricted
airspace set by the Federal Aviation
Administration (FAA). Within the WRA,
NOAA and other organizations studying
the storm, like the Air Force’s Weather
Reconnaissance Squadron, work together
to deconflict their operations without
involving the FAA.
continued on page 6
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continued from page 5
“So essentially, we block off a giant area
around that hurricane,” said Richards,
“and then within that area, we are
responsible for our own safety of flight
and deconfliction with other aircraft. And
that’s in accordance with a pretty robust
policy called the NHOP, the National
Hurricane Operations Plan; and there are
procedures within that plan.”
There is also a memorandum of understanding with several of the regional FAA
facilities that helps ensure the NOAA
flight is not in conflict with other aircraft
as it flies out to the WRA. The team also
works with the FAA to deconflict the trip
back.
One of the goals is to plan the flight
in such a way that the plane is properly
oriented to the storm. In the Northern
Hemisphere, the hurricanes spin counterclockwise, Richards said, “so you can
imagine we like to ensure that we have
the wind at our back whenever possible.”
Richards’ initial calculations also go
into determining the best take-off time to
meet the scientific goals of the flight. That
time may be adjusted, he said, to enable
more focus on specific weather phenomenon the scientists are studying.
Wobbles
Once the team arrives at the hurricane
the goal is to fly straight, smooth tracks
through the center of the hurricane to
facilitate the best data collection for the
scientists. A typical “butterfly” flight
pattern with a P-3 aircraft resembles
the warning symbol for radiation: three
triangles whose tips meet in the center,
which in this case, is the eye of the
hurricane. The plane flies from one side,
through the eye and then to the other
side. It then moves to a different spot on
the storm’s perimeter to start the next run
through the center. Viewed from above,
it’s like cutting a pie into six equal slices.
Throughout this Richards is constantly
calculating the position, direction
and velocity of the storm. “As you can
imagine, the hurricane is moving, so we
want to almost intercept the center of the
ION Newsletter

Within the eye of Hurricane Teddy aboard NOAA WP-3D Orion N42RF Kermit during a
research mission Sept. 18, 2020.
Photo credit Lt Cmdr Mitchell NOAA Corps

hurricane as it’s moving. So I’m primarily
responsible for those calculations — how
fast do we need to go, how fast is the
storm, and then essentially calculating an
intercept point,” he said.
“But it’s not an exact science,” Richards
told the audience, hurricanes can have a
bit of a wobble that shifts the center. To
address this, the flight director uses the
long-range radar to assess the weather
around the storm’s eye and extrapolate its
track.
“We may need to adjust one or two
degrees to the left, to the right, based on
what he’s seeing,” said Richards. “And
a lot of times we have to hedge that
towards the movement of the storm.”
In addition to hitting the center of the
storm, the team wants to cross the eyewall
— the ring of clouds that surround the
eye — at a perfectly perpendicular angle.
“You don’t really want to catch an
eyewall tangentially,” said Richards,
“because that’s where the roughest part of
the storm is and where you get the most
vertical convection and the most bumps.”
How bumpy is the ride through the
eyewall? Pretty rough, said Richards. “My
idea of bumpy may be different than
someone else’s idea of bumpy, but I can
say that, compared (to) if I was a person
6

just flying on my vacation, what we do
can be pretty bumpy.”
Results
A typical mission, Richards said, would
fly with 11 to 18 people, depending on
how many scientists were onboard. As the
mission progresses Richards is generating
fuel calculations and in-flight updates
to help them determine how much time
they will have to collect data.
The results of the hurricane hunters’
efforts were clear in a slide of the path of
Hurricane Katrina. A category 5 storm,
Katrina hit New Orleans in August 2005
causing some 1,200 deaths and $75
billion in damage in then-year dollars to
the New Orleans area alone, according to
the National Hurricane Center.
The estimated track of the storm with
the dropsonde data showed clearly that
the storm was headed for New Orleans.
The estimated storm track without the
dropsonde data had the storm making
landfall some 100 miles to the east.
“If we weren’t able to do what we do,
we would not have been able to accurately depict where this hurricane was going
to go and ultimately more communities
and more people could have suffered for
it,” Richards said.
Summer 2021

GPS III

requests for early use.
“The MCEU is not the full OCX capability,”
explained Byrne. “So, there is still some OCX
modernization work that is ongoing and will
continue for the next year.”
Some of the waiting may be anchored in
cybersecurity concerns.
“MCEU provides some operational control
of specific M-Code broadcast signals,” wrote the
Government Accountability Office in a January
2021 report, “but lacks the cybersecurity of
OCX, among other features.”

The GPS
III SV05
was
built by
Lockheed
Martin
Photo Courtesy of Lockheed
Martin

continued from page 1
and operational acceptance in less
than two weeks — the fastest such
transition ever, said Col. Edward
Bryne, senior materiel leader for the
Medium Earth Orbit Space Systems
Division. They managed it in 12 days.
Byrne credits the added efficiency
to getting more comfortable with
both the GPS III satellites and the
overall SpaceX launch process.
“For (GPS III) SV01 and SV02
the on-orbit checkout was extended,
I think they were roughly six months,
at least for SV01, and that was due
to it being a new satellite,” Byrne said
during a pre-launch press conference.
“It is just the fact that (we’re) working
closely with our transition partners
and the folks out at 2 SOPS to
streamline the process. So, each time
we go through this, we get more
efficient.”
That said, though there will be
more launches, it’s unlikely there will
be much more improvement in the
time needed for on-orbit transition.
Summer 2021

“There are specific things that take
time to go do with regards to getting
the satellite into its final orbit, its final
configuration and checking everything
out,” Byrne said, adding that those steps
typically take a week to 10 days.
Still Waiting for M-Code
Despite now having 24 M-Code capable satellites in the GPS constellation,
warfighters are not expected to be able to
use the M-Code for another year.
The user equipment and the new
ground system, specifically the long delayed GPS Next-Generation Operational
Control System or OCX, “do not come
online until the third quarter of fiscal
year ‘23,” said Byrne. “So that’s when we
would expect to have our initial operational capability for the GPS enterprise
across all segments — space, ground and
user equipment.”
This delay is a bit confusing because
the Military Code Early Use (MCEU)
software upgrade to the GPS Operational
Control Segment (OCS) was deemed
operational in November 2020, enabling
7

"Flight-Proven" Booster
The launch on a SpaceX Falcon 9 rocket
from Cape Canaveral, Florida was notable for
another reason. It was the first time one of
SpaceX’s “flight-proven” boosters — that is a
previously used and then refurbished rocket
booster — was used to launch a national security payload. In fact, the booster used for SV05
was the same booster used to launch GPS III
SV04.
The plan just ahead of launch was to recover
the booster, refurbish it again, then put it back
into service for another launch. The fairing
shielding the satellite during launch was new
for the June 17 launch but was also set to be
recovered and reused.
The shift to reusable boosters will save the
Space Force $64 million on the launches for
GPS III SV04, SV05 and, next year, SV06.
It’s not yet clear how many times a booster
can be reused but the GPS team is looking at
using the same booster more than twice. How
many more times depends on the state of the
individual rocket.
“We have to look at how much, in essence,
how much life is consumed,” said Walter
Lauderdale, Falcon Division chief and deputy
mission director for SMC’s Launch Enterprise.
With the analysis done leading up to this
launch the Space Force has been able to add
recovery and refurbishment to the technical
baseline for the Falcon 9 launch vehicle, making
refurbished boosters an option available for
future flights, Lauderdale said. That goes for the
upcoming competition for contracts to launch
more GPS satellites. In fact, the update to the
baseline makes refurbished boosters an option
for any National Security Space Launch (NSSL)
payload, he said.

ION Newsletter

WASHINGTON NEWS

Bill Would Make Ligado Networks Cover Full Cost of
Interference to GPS and to Satellite Communications

N

ew legislation would dramatically
increase the costs Ligado Networks
would have to cover to address GPS and
other interference caused by its proposed
5G service.
The bill would expand the GPS receivers
the company would have to pay to replace
or repair to include all those affected, not
just federal government receivers, and
adds a requirement to reimburse related
expenses.
Introduced by Sen. Jim Inhofe,
R-Oklahoma, the ranking member on
the Senate Armed Services Committee,
the RETAIN GPS and Satellite
Communications Act of 2021 (S. 2166)
would also require Ligado to repair or
replace satellite communications systems
and equipment subject to interference.
The provision goes as far as requiring the
potential replacement of satellites.
Ligado won approval from the Federal

Communications Commission (FCC),
in April, 2020, to repurpose satellite frequencies neighboring GPS for terrestrial
5G operations. The approval was the culmination of a decade-long fight between
the GPS community and Ligado, and
Ligado’s predecessor company LightSquared, over whether Ligado’s plans pose
a risk to GPS receivers.
FCC: Interference Possible
Ligado and the GPS community
disagree sharply on how many and what
kind of receivers will be impacted, in part
because each side defines interference
differently. Though the FCC sided with
Ligado on how to assess interference,
even the agency acknowledged that some
GPS receivers, particularly high precision
receivers, could experience interference
due to the proposed change. The FCC’s
order requires Ligado to address interference including repairing or replacing

impacted GPS receivers. The agency,
however, only required that Ligado address interference to U.S. federal government receivers; private owners, state and
local agencies and other organizations
were not covered.
“The FCC failed to require that Ligado
bear the costs of interference to state government or pay for interference to devices
owned by individual users,” Inhofe said in
remarks on the Senate floor. “Now we’re
talking about all Americans out there
now, not just government — not state
government, not federal government —
but everyone else. These are individual users. And I talked already about how many
ways we rely on GPS in everyday life.
None of that would be protected from
interference under the existing Ligado
order. And that’s why I’m introducing
legislation.”
In a June 29 letter supporting the

Sen. Jim Inhofe, R-Oklahoma, speaks before the U.S. Capitol during a June 23, 2021 press conference introducing the RETAIN GPS and Satellite Communications Act of 2021.
Photo Courtesy of David Grossman, the GPS Innovation Alliance
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legislation a group of 105 organizations
ranging from the Portland Cement Association to the Blue Origin space launch
company called the FCC’s failure to cover
other GPS users “inexplicable.”
“Ninety-nine percent of GPS receivers
are used in critical applications by nonFederal government users, businesses and
consumers,” they wrote.
The cost to replace the affected GPS
devices could be substantial, said Diana
Furchtgott-Roth, the former deputy assistant secretary for research and technology
at the Department of Transportation and
an adjunct professor at George Washington University.
There are 100 million cars in the U.S.
with GPS and satellite communication
functions, she told reporters during a
press conference on the bill. “If you need
a new car navigation system, they start
at $500 and can cost over $1,000. That’s
$50 billion to $100 billion in all.”
“Plus,” she said, “8.5 million medium

and heavy trucks have GPS. It’s being
used for navigation, fleet management,
routing, and electronic logging devices.
The Ligado system could cost the average
trucker $400 to replace their system.”
“That’s $400 per truck,” she added.
“Many companies, of course, have more
than one truck.”
Related Expenses Included
The Act would expand the existing
repair or replace requirement to cover all
related expenses like studies, engineering,
equipment, personnel software, site acquisition, systems design, or construction.
Robert McDowell, a former FCC
commissioner and a representative for
Iridium, said during the press conference
that the legislation requires Ligado to
potentially replace entire systems that
integrate satcom or GPS functionalities.
“Satcom and GPS services have
become so integral to high-tech devices
and systems, including defense systems,”

McDowell said according to his prepared
remarks, “that mere software patches and
chip replacements would not only be
insufficient to fix the damage but could
degrade entire systems and add new
points of failure as well. Accordingly, the
entirety of all damaged systems would
have to be replaced.”
“The legislation is unnecessary,” said
Ligado Chief Communications Officer
and Head of Congressional Affairs Ashley
Durmer in a statement. The bill also did
not speak to safety issues, she said.
At least some in Congress think legislation is necessary — the bill already has
bipartisan support. Jack Reed, D-Rhode
Island, the powerful Senate Armed Services Committee Chairman, has signed
on as a co-sponsor as have Senators
Tammy Duckworth, D-Illinois, who
chairs the Senate Subcommittee on Airland and Mike Rounds, R-South Dakota,
who is the ranking member on the Senate
Cybersecurity Subcommittee.

European Navigation Conference & International Navigation Conference

15-18 November 2021

Register your interest at rin.org.uk/Navigation2021
Summer 2021
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Navigating After Lockdown
Marvin B. May

I

t has been a tough 15 months in
lockdown. For someone with carefully
honed navigation skills like myself, it is
difficult to justify a need for navigation
when you don’t go anywhere.

In a futile effort to keep my navigation
expertise sharp and current, I bought an
indoor navigation app for my house. I
ran into some difficulties employing it,
however. First it necessitated carrying my
smartphone with me continuously; but
much of the time I cannot even find my
smartphone.
Then my
inconsiderate wife
objected when I
placed an access
point on the bed;
she said she was
getting bad vibrations
from it. Next my
grandchild, who has
his smartphone glued
to his nose, came
over to our house.
The nerdy kid setup
his smartphone as
a Wi-Fi hotspot.
This disoriented
ION Newsletter

my house’s carefully surveyed a priori
Wi-Fi map. Later, when I had to go to
the bathroom and my indoor navigation
system led me to my wife’s bed, I knew it
was time to give up.
So, after getting vaccinated, I finally
decided to break my lockdown situation.
I elected to take a trip to my old
stomping ground in New York City
via AMTRAK from Philadelphia.

Riding AMTRAK is not much of a
navigation challenge unless you try to
listen to the conductor’s calling out
the station names. I am convinced that
AMTRAK and the Washington D.C.
Metro send their conductors to the same
school of unintelligible English speech
pronunciation.
Fortunately, New York City was the
last stop and my first
point of interest to
visit was the iconic
palace of music,
Carnegie Hall. I
stopped a stately
older gentlemen and
asked him: “How
do I get to Carnegie Hall.” He said:
“Practice, practice,
practice”.
I informed him my
father told me that
joke sixty years ago.
After learning that I
10

was a professor of navigation, he proceeded to bombard me with a barrage of
navigation related jokes. Below are a few:
• Professor to student: “Why do we
need (at least) four visible satellites?”
Student: “One for position, one for
velocity, one for time and one for
good luck.”
• Student to Professor: “Who first
developed the Kalman Filter.”
• What do you call an alligator with a
GPS? A Navi-Gator.
• Student to Professor: “How did they
manage to get those satellites into a
(air)Plane?”
• NYC taxi driver to tourist: “Don’t
worry, we are lost, but we are making
great time.”
• My navigation system is difficult
whenever I try to determine specific
coordinates. It has a bad latitude.
• Student: “What did people use before
GPS”? Professor: “Their senses.”
• A GPS satellite and a GLONASS
satellite collide; they could not agree
on their positions.
• How does one choose an optimal
BeiDou satellite constellation? One
from Plane A and two from Plane B.
• What happens to Galileo after Brexit?
The Italians ex-communicate Boris
Johnson.
• Astronaut: “I lost 100 pounds by
going into space.” Houston: “That is
a grave effect.”
• Why did the GPS satellite cross the
street? It wanted to go from the Space
Segment to the Ground Segment.
• Einstein to Archimedes: “Let me float
this idea by you.”
• I was going to tell a joke about the
Suez Canal but that ship has sailed.
I finally got to see Carnegie Hall,
Lincoln Center and the Guggenheim
Museum which exceeded my cultural
Summer 2021

FROM THE ION HISTORIAN, MARVIN MAY

budget for the decade. I took a taxicab
back to Penn Station (that is the AMTRAK Hub in New York City). Even
the taxi driver punished me with a bad
joke: “What happened to the pedestrian
who avoided getting hit by a cab?” “He
is being charged with taxi evasion.”
Finally, safe on the AMTRAK back
to Philly, I searched my pants, shirt,

and jacket for my ticket. The kind
conductor, who recognized me from
previous trips said, “Don’t worry
Professor May, if you can’t find your
ticket, I know you.” I said that I
was not looking for my AMTRAK
ticket but my car’s parking garage
ticket on which I scribbled the
location of my parked car. Unfortunately, I could
not find the
car ticket and I
had to call my
wife to drive
me around
the garage until I
found my vehicle.
When my wife arrived at the garage
she acerbically said:
“Why don’t you
consider putting an
access point in the
car instead of on my
bed.”

For obvious reasons, sources of the
above material have declined attribution.
Marvin B. May is a Professor Emeritus of
navigation at Pennsylvania State University. His emails are: mayven4@comcast.net
or mbm16@psu.edu.

Photos by (page 10) Priscilla de Preez (dog), Johannes Krupinski (train), Nathan Dumlao (phone); Page 11 Rafael Leao
(taxis), Adrien Fuvia (car). Provided via Unsplash.
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POLICY PERSPECTIVE

The Biden Administration and Civil PNT – So Far, So
Good. Sorta.

PNT issues. It called for, among other
things, additional research, and interference monitoring and detection. Also, for
the government to “…identify and implement, as appropriate, alternative sources
of PNT for critical infrastructure, key resources, and mission-essential functions.”

By Dana Goward

President of the Resilient Navigation &
Timing Foundation

T

he Biden administration has proposed $17 million in funding for
resilient civil positioning, navigation and
timing (PNT) efforts at the Department
of Transportation (DOT) for fiscal year
2022. While
this might
"Don’t tell me what
not be much
you value, show
compared
me your budget,
to DOT’s
and I’ll tell you
overall PNT
responsiwhat you value.”
bilities, it
Senator Joe Biden
is a marked
2008
increase over
the estimated $5 million being expended this year
and the $2 million spent last fiscal year.
Who Decides?
While presidents have long acknowledged the importance of civil use of the
Global Positioning System (GPS) and
PNT, their administrations, regardless of
party, have struggled to match that with
funding. This is likely because, while the
DOT is the lead for civil PNT issues,
GPS is seen as a Department of Defense
(DOD) responsibility. Requests to fund
GPS and PNT needs through DOT are
difficult to explain to harried bureaucrats
and congressional staff.
Also, for the most part, civil PNT issues have been relatively low profile, not
rising to the attention of the chief executive. Aside from President Reagan making
ION Newsletter

GPS available for civil use and President
Clinton doing away with selective availability, civil PNT issues generally have
been the province of career civil servants.
This has given career staff closest to the
White House an outsized role. Until recently they had not shown much visible
interest in civil PNT issues. Often, they
have been actively hostile.
As one example, despite President
Bush’s 2004 mandate for a backup capability for GPS, staff at the Office of Management and Budget (OMB) were able
to block the announced solution in the
first days of the Obama administration.
This despite four years of governmentwide research, negotiation, and broad
agreement on the way forward.
Again, in 2015, after the Obama
administration wrote Congress saying
it would build a terrestrial backup for
GPS, OMB staff made sure nothing ever
happened.
This seems to also have been true
in the Trump administration. In 2018
President Trump signed legislation that
included the National Timing Resilience
and Security Act (NTRSA). The Act
required at least one terrestrial timing
backup for GPS be established by December 2020. Yet no action was taken to
comply. Having failed to meet, or even
work toward, the Act’s deadline, in February 2020 the administration instead
issued Executive Order 13905 focusing
on encouraging civil GPS users to protect
themselves.
In its last days, the administration did
publish a new national space-based PNT
policy that addressed a number of civil
12

Senior Leaders Engaging
The long-standing status of civil PNT
as a third- or fourth-tier issue may be
changing with the Biden administration.
Political appointees seem very much
aware of PNT’s importance, the impact
of the Federal Communications Commission’s (FCC) decision in favor of
Ligado Networks, extensive jamming and
spoofing around the world, and the fact
that—unlike China, Russian, Iran and
others—the United States has no widely
implemented fallbacks or alternatives to
space-based PNT. They are also aware
that the NTRSA remains unexecuted
and there is political peril in America not
being prepared for yet another nationwide
problem. These have all been reflected in
reported comments by Department of
Transportation Secretary Pete Buttigieg,
DOT Deputy Secretary Polly Trottenberg, and other senior members of the
administration.
Bringing even more awareness of PNT
issues to the Biden administration is
Caitlin Durkovich, senior director for
resilience and response at the National
Security Council. She previously served
in the Obama administration as assistant
secretary for infrastructure protection at
the Department of Homeland Security. In
that role she became very much aware of
the importance of PNT, once describing
GPS as a “single point of failure.”
Increased Funding Proposed
This increased awareness and appreciation at senior levels already has influenced
the budget process — a clear indicator, as
then-Senator Biden said, of what people
really care about.
The $17 million requested for resilSummer 2021
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ient PNT issues in the administration’s
proposal for fiscal year 2022 is grouped
in three areas. While it is questionable
whether this amount will be sufficient for
the listed efforts, it is at least a start.
A sum of $3.5 million is requested for
“GNSS Performance Monitoring and
Interference Detection Capability.” This
one is really two related projects.
The first is civil GPS signal monitoring.
Convincing folks within the administration and/or Congress of the need for this
has been a multiyear challenge for DOT.
It is good to see the Biden administration
agreeing with the need right off the bat.
The second is for establishing an
interference monitoring and detection
capability that could also geolocate disruption sources. This has been discussed
as a “should do” in policy documents
since 2004. The Federal Communications
Commission’s decision on Ligado Networks may have been the final impetus
for action as it is mentioned as part of the
budget justification.
Another $3.5 million is requested for
“Executive Order 13905 Implementation
and GPS Signal Authentication.” This is
another two-parter. The first is vulnerability assessments and studies. The second
will look at validating and authenticating
civil GPS signals.
The lion’s share of the request, $10 million, is for “GPS Backup/Complementary
PNT Technologies Research.” This is to
execute the recommendations from the
DOT GPS Backup Technology Demon-

stration. It will fund efforts to develop
alternate PNT safety-critical standards
for transportation, performance monitoring capabilities, and a vulnerability and
performance testing framework.
A Strange Twist/ Insult to Congress?
One facet of the budget request that
has baffled members of Congress and
their staffs, as well as outside observers,
is a proposal in the budget submission to
repeal the NTRSA.
One congressional staff member
who, like all the others who shared their
perspectives for this story, spoke on
background due to ongoing budget negotiations, said, “We are stunned. This is
the exact opposite of what we have been
hearing from senior leaders in DOT and
expecting in the budget.”
Another was shocked when no one
from the administration consulted with
concerned members of Congress before
sending the proposal forward. “I can
think of very few instances when an
administration has surprised and embarrassed members like this. Not even a
phone call or email to explain or give us a
heads up. It’s a real insult.”
Speculation as to how this happened
and what it means abounds.
“Numerous senior administration officials seem to agree with doing something
to execute the Timing Act,” said one
retired official. “The lack of coordination
with Congress tells me that this likely was
slipped in by someone at OMB thinking

it would be under the political radar.”
As to motivation, some say that it is
a continuation of decades-old opposition within OMB to doing anything to
protect civil users. The philosophy being
the government should not be in the civil
PNT business.
Others say that it is more of a process
concern than opposition to establishing a
timing capability.
“OMB has long opposed PPPs [publicprivate partnerships],” said a Capitol Hill
staffer familiar with the issue. “They see
NTRSA as facilitating a PPP, and they
hate that.”
Still Talking
With a pandemic to battle, an economy to restore, the climate to rescue, and
a volatile international situation to work
on, it is likely that senior folks in the
Biden administration have not had much
time in the last six months to think a lot
about civil PNT. And realistically, compared to so many other things, civil PNT
is going along OK, for now.
And while the landscape and players
may be confusing, Americans concerned
about civil PNT issues might be encouraged, nonetheless.
If the old Hollywood maxim, “It
doesn’t matter what they say, as long as
they are talking about you,” holds true,
things are looking up.
Despite everything, the level of conversation in Washington about civil PNT
has never been higher.

RNTF will be hosting GAO Report sessions at ION’s JNC and ION
GNSS+.
On May 10, 2021, the Government Accountability Office (GAO)
released its report “Defense Navigation Capabilities: DOD is Developing
Positioning, Navigation, and Timing
Technologies to Complement GPS.”
Among the report’s recommendations
were that the Department of Defense
consider using resilient technologies
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as the cornerstone of its PNT efforts
going forward, instead of its current plan
to build its plans around GPS.
The full report is available for download at: https://www.gao.gov/assets/gao21-320sp.pdf
The Resilient Navigation and Timing
Foundation hosted a webinar, facilitated by ION, on the report that can be
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viewed for free at:
https://www.ion.org/publications/
webinar-GAOreport.cfm
The Resilient Navigation and
Timing Foundation will be hosting
informational sessions at ION’s JNC
and ION GNSS+ conferences with the
report’s authors and invite interested
parties to attend.
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ION TECHNICAL
REPRESENTATIVE
SPOTLIGHT

Dr. Nobuaki
Kubo
1. How did you first get involved
with ION?
My first participation in ION
was in 2002 in Portland, Oregon.
I was very nervous to present my
research, but the chair was very
nice at my session. He was Prof.
Richard B. Langley.

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
Technical 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. Nobuaki Kubo received his
doctorate in Engineering from
the University of Tokyo in 2005. He
resided at Stanford University in 2008
as a visiting scholar, working closely
with Per Enge, Todd Walter, and Sam
Pullen. Kubo is now a professor at the
Tokyo University of Marine Science
and Technology in the area of GPS/
GNSS systems, where he researches
high-accuracy navigation using Global
Navigation Satellite Systems/Inertial
Measurement Units (GNSS/IMU) and
multipath mitigation techniques.
Like many of us, Kubo experienced
COVID-19 slowdowns and remote
teaching and research challenges over
the past year. For at least a year and a
half, he had to teach online. His research
lab also was largely shut down, with
ION Newsletter

only a few researchers allowed in the lab
at a time. While those restrictions have
lessened more recently, collaboration with
companies and other researchers remains
virtual for the foreseeable future.
The same is true for Kubo’s attendance
at September’s ION GNSS+ conference
due to quarantine requirements and
travel restrictions. Still, one of his
students will be presenting his research
on multipath mitigation in dense urban
environments, and Kubo will attend
other presentations as time (and time
zones) permit.
The work-from-home flexibility allows
Kubo to spend more quality time at
home with his family, including his wife
and two daughters. Kubo, it seems, is always teaching. Once he is done instructing his university classes, he turns around
and teaches his daughters after school. In
the little free time he has left, he enjoys
golfing, a hobby he picked up while in
California. Read on to learn more about
Kubo and his efforts to support the ION
as a technical representative.
Here’s to a safer and happier remainder
of 2021, where we can begin to see one
another off the screen. — Kyle
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2. What is your favorite aspect
of being a member of ION?
I have two reasons that I
became a member of ION.
The first one was to grow and foster an
international network of GNSS researchers to collaborate and study with. The
second reason was — and still is — to
present our lab’s research and share this
information with other researchers. Of
course, the excellent research findings and
presentations of friends and colleagues is
a very motivating factor for me. When
I first joined, there were many presentations by researchers from the U.S.,
Canada, and EU countries, but more
recently there have been many presentations by researchers from Asian countries.
3. What type of GNSS work do you do
currently or have you done in the past?
I am a professor teaching GNSS and
doing GNSS R&D by myself, and with
students and colleagues. My first experience in GNSS was GBAS/SBAS when
I was in an electrical company. Then I
moved to the university, and my doctoral
thesis was about multipath mitigation in
GNSS. Ever since, I have been expanding
my research in the field of GNSS into
precise positioning and navigation for
moving platforms such as automobiles
and ships.
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5. What areas of ION have you been
involved in, and what areas do you
hope to see grow in the future?
I am always interested in a variety of
sessions in GNSS at the ION conferences. I am not sure which area will
grow in the future. Automation of
many applications will be one of the
areas where GNSS will play a
big role. I am a little glad that
the issue of multipath mitigation remains.

4. What do you consider some
of the most important current
research, education, policy, or
technical topics in GNSS for the
next year?
In my opinion, GNSS has already
penetrated deeply into society. More
reliable and secure GNSS will be
expected in the near future. It is
also very important to show the
limitations of GNSS to society as
it becomes more reliant on it for
every aspect of society. GNSS needs
to collaborate with other sensors to
overcome its weaknesses. Similar to
GNSS, indoor positioning is needed
for many applications. I just started
to test ultra-wideband (UWB) for
indoor positioning that requires
decimeter-level navigation. I hope
that some of my previous research
experience in GNSS will be useful
on these new topics as well.

6. If you were not in your
current field, what would you want to
do for a living?
This is a very difficult question! If I
were not in my current field, I would
want to work as an engineer in other
fields. I like to be creative and make
good things little by little. I have
also wanted to work as a junior/high
school teacher, because I consider that
education is very important.
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Defense Matters

National PNT Infrastructure
Getting the U.S. on the Path to Resilience
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here is a dichotomy between our
national space-based positioning,
navigation and timing (PNT) policies
and the decades-old recognition that
overreliance on the Global Positioning
System (GPS) as the single source for
PNT leaves U.S. critical infrastructure
vulnerable.
The May 2021 Colonial Pipeline
computer hack serves as an all too recent
example of how vulnerable Americans are
to single-source supply chains. The hack,
attributed to a group known as DarkSide,
shut down 5,500 miles of pipeline,
interrupting the flow of gasoline across
the United States’ Southeast and MidAtlantic regions.
The ramifications of an intentional
disruption of GPS have been theorized
about and analyzed ad nauseum. Even
if only one specific sector of our critical
infrastructure was the primary target of
a space-based PNT interruption, there
would most certainly be collateral damage
beyond the intended target.
We must find a way to get out of this
unending refusal to address the reality
of overreliance. Though national spacebased PNT policy dating back to the
Bush era has highlighted the need for a
backup to GPS, nothing has been done
to date.
The 1984 Federal Radionavigation
Plan’s (FRP) Executive Summary contained a passage that clearly conveyed
the challenge of meeting the needs of all
PNT users. “The goal [of the FRP] is to
select a suitable mix of these common
civil/military systems which can meet
diverse user requirements for accuracy,
reliability, coverage, operational utility,
and cost; provide adequate capability for
future growth; and minimize duplication of services. The process of selecting a
system mix is a complex task, since user
requirements vary widely and change
with time.”

That clarity of purpose is noteworthy as just four years later,
with the aftermath of 1986 Challenger accident still interrupting
the intended launch strategy for GPS, the 1988 FRP’s language
had evolved to state: “The need to consolidate and reduce the
number of systems is a major objective of DOD and DOT(the
Departments of Defense and Transportation). The constantly
changing radionavigation user profile and rapid advancements in
systems technology, as well as delays in the U.S. space programs,
require that the FRP and the policies stated therein remain as
dynamic as the issues they address.”
With seven years to go before GPS was declared fully operational in July of 1995, the federal government was already charting a course to reduce the number of PNT systems operated by
the government.
The emphasis on economizing in the 1988 plan was underpinned by the significant cost of deploying GPS. However, the
myopic view at the time — which fixated on cost and dispelled
the vulnerability created by limiting PNT options — has persisted for three different administrations. But, as they say, that
was then and this is now. Since 1988, the rapid growth of the
internet, the emergence of drones and other autonomous systems
— including the Internet of Things — has dramatically changed
the consequences should there be a problem with GPS.
Less than 10 years after GPS was declared operational, the
risk to overreliance on a single source of PNT was recognized
in the 2004 Bush era, U.S. space-based PNT policy issued in
December 2004 (National Security Policy Directive-39 (NSPD39)). The policy tasked the Department of Transportation, in
coordination with Homeland Security, to: “…develop, acquire,
operate, and maintain backup position, navigation, and timing
capabilities that can support critical transportation, homeland
security, and other critical civil and commercial infrastructure applications within the United States, in the event of a disruption
of the Global Positioning System…”
Subsequent administrations have continued to address GPS
from the perspective of that national space-based PNT policy
statement but have yet to make headway. GPS remains a single
source, supply chain issue and it is understood that that leaves
critical infrastructure at risk.
It’s now time to approach the challenge from a broader policy
perspective and formulate a single national policy for PNT that
goes beyond the current space-based paradigm to incorporate
many of the attributes that helped make GPS the world’s gold
standard for space-based PNT.
At present, there are two separate, and not equal, presidential
issuances related to PNT. The first is Space Policy Directive 7,
signed by President Donald Trump at the end of his administra16
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tion, which replaced Presidential Decision Directive NSTC-6. The second is
Executive Order 13905, issued in February 2020, which addresses the need for
responsible use of PNT services by federal
departments and agencies. However, as
separate orders, they do not have the
coherence necessary for a true national
policy for PNT.
As with the development of the
1996 Presidential Decision Directive/
NSTC-6, which was co-chaired by the
National Security Council and the Office
of Science and Technology Policy, the Joe
Biden Administration should establish an
all-of-government, multi-agency team to
craft a National PNT policy that directly
addresses the issues of funding and critical infrastructure.
Congress needs to be engaged in this
issue because of the need to appropriate funding. There are already multiple
examples in recent years where Congress
has injected language into the annual
National Defense Authorization Act

INSTITUTE OF NAVIGATION

(NDAA) to influence development of the
DoD PNT enterprise and the use of an
open-architecture strategy for ensuring
military PNT utility and resilience.
However, the DoD is not responsible
for extending its systems and applications, many of which are classified, to the
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Joint Navigation Warfare Center
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domestic, civil, public, and commercial
infrastructure. That responsibility must,
of necessity, rest with the civil agencies
led by the Departments of Transportation
and Homeland Security. These agencies
need the authority of a national policy
and congressional support made manifest
through sufficient funding.
The ongoing political party debate on
what defines infrastructure, spurred on
by Biden’s infrastructure goals, may be a
catalyst to highlight the vulnerable state
of our national PNT capabilities, and
prompt constructive action on appropriations to invest in PNT infrastructure.
The multi-agency policy team should
be comprised of thinkers who are
creative, innovative and empowered to
bring about change. The goal of the effort
should be to continue to champion GPS
as a foundational PNT resource, but have
an ultimate goal of developing a robust
and resilient national PNT capability that
protects our critical infrastructure.

At present, there are two separate,
and not equal, presidential
issuances related to PNT. The first
is Space Policy Directive 7, signed
by President Donald Trump at the
end of his administration, which
replaced Presidential Decision
Directive NSTC-6. The second is
Executive Order 13905, issued in
February 2020, which addresses the
need for responsible use of PNT
services by federal departments
and agencies. However, as separate
orders, they do not have the
coherence necessary for a true
national policy for PNT.
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ION News and Notes
JOINT ION CSNC PANEL
ION members from the United States
participated remotely in a joint ION/
Chinese Satellite Navigation Conference (CSCN) session as part of the 12th
Chinese Satellite Navigation Conference.
Held in Nanchang, the capital of east
China’s Jiangxi Province, the three-day,
in-person event focused on the most recent technological and industrial application achievements of the BeiDou Navigation Satellite System (BDS) and overall
trends in the development of Global
Navigation Satellite Systems (GNSS).
The highlight of the May 26 joint
session was a keynote delivered by Dr.
Bradford Parkinson called “Radio Navigation from Marconi to GNSS.” With his
illustrations of civilian applications in
the early days of GPS, Dr. Parkinson’s
keynote left its mark on the audience. He
finished his address with his strong assurances about the future of PNT and what
needs to be done to protect, toughen
and augment PNT for future generations – sentiments echoed in Prof. Yuanxi
Yang’s presentation given later in the
session. Dr. Parkinson engaged live with

continued from page 1
new opportunities as well as have some
fun.
JNC and ION GNSS+, being held
August 24-27 and September 20-24
respectively, have distinct offerings with
unique programming and largely different
sets of exhibitors.
Joint Navigation Conference
Focused on the military aspects of
PNT, JNC’s technical sessions include
presentations on new technologies for
working in GPS-denied environments,
navigation warfare, jammer-aided and
collaborative navigation, situational
awareness and military user equipment.
ION Newsletter

attendees after
his talk including
answering many
questions about
the use of GPS
for commercial
and societal
purposes.
Other U.S.
speakers included: Dr. Sherman
Lo and Dr. Todd Walter, who presented
on using flight data to evaluate message
loss in the Wide Area Augmentation System (WAAS). Dr. Y. Jade Morton spoke
about recent advances in GNSS remote
sensing and ION Executive Director Lisa
Beaty provided a pre-recorded acknowledgement of key Chinese contributors to
ION programs this past year. Beaty also
recognized the Thurlow Award given to
Dr. Mingquan Lu for his outstanding
contributions to the advancement of navigation and noted that Dr. Lu had been
named an ION Fellow in January 2021.
Chinese participation in the joint session included Prof. Yuanxi Yang who gave

There will also be sessions on GNSS
spoofing detection and discussion about
the Air Force Research Laboratory’s third
Navigation Technology Satellite (NTS-3).
Additionally, new panel discussions have
been added to this year’s JNC program
about integrating Military GPS User
Equipment (MGUE), the national critical
infrastructure threat, rapid agile development and manufacturing, and Combatant Command Joint Urgent Operational
Need (Secret U.S. Only).
As in previous years all of the technical
sessions will be open only to U.S. federal
employees and contractors. Attendees at
the classified sessions must have a secret
clearance. There will be one open session
18

a keynote on comprehensive and resilient
PNT. Xiang Wang gave a presentation on BDS signal quality monitoring
algorithms for Dual Frequency Multi
Constellation (DFMC) Satellite-Based
Augmentation System (SBAS) services.
Tianxiong Lu described the mission
analysis of the BDS geostationary satellites and Xiaohong Zhang introduced
a new high precision ionospheric Slant
Total Electron Content (STEC) product
being developed in the labs at Wuhan
University.
The ION greatly appreciates the work
done by the panel’s organizers Dr. Y. Jade
Morton and Dr. Jun Shen.

on the recently released report from
the Government Accountability Office
on defense navigation capabilities and
resilient PNT technologies sponsored
by the Resilient Navigation and Timing
Foundation.
ION GNSS+
ION GNSS+ will be held in the beautiful Union Station Hotel in St. Louis,
MO. The opening keynote presentations discuss NASA’s return to the Moon
with the Artemis Program and using air,
ground and mobile sensors to model
cities and other aspects of our world
so experts can test out solutions before
continued next page
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continued from previous page
breaking ground.
As always there is a great range of
in-person technical sessions including
presentations on satellite navigation for
autonomous applications such as driverless cars and drones and research results
on augmenting and improving the in-
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tegrity of GNSS systems. There will also
be presentations on integrating multiple
sensors to improve PNT solutions and
protecting GNSS spectrum.
The very popular status report on major GNSS systems will expand this year
to include an update on a possible British
GNSS system. There will also be multiple

papers on navigating with
low Earth orbit satellites and
dealing with spoofing, jamming and authentication.
The Blues and Barbecue
event Wednesday evening
promises great food and music and the awards luncheon
Friday will recognize this
year’s winner of the Johannes
Talks by
Kepler award, the Bradford
leading PNT
W. Parkinson Award and,
experts
for the first time, Google
draw
ateendees. will present the prize for
Photo from the
their Smartphone Decimeter
ION archive
Challenge.
Both conferences will take extra
care to protect attendees from COVID
including extra cleaning, a no-handshake
policy, a reduction in conference handouts and hand sanitizing stations. For
those who cannot attend in person a
virtual option will be available. See ion.
org/gnss for the complete program.

Introducing the NEW

ION ONLINE JOB BOARD

A Resource for Recruiting Qualified PNT Professionals

Looking for talent? Looking for a new career opportunity?
Visit the ION Online Job Board
ion.org/job-board
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11th Annual Autonomous Snowplow Competition
In addition to the individual snowplow competition, this year’s
competition introduced a second “squad” event where participating
schools collaborated with another school to demonstrate how their
snowplows would operate cooperatively and in coordination with each
other to navigate and plow a more complicated snowfield. This part of
the competition was designed to reinforce the cooperative nature of the
teams working virtually to meet a goal.

F

acing the unprecedented challenges of a global
pandemic and most academic institutions being
shut down for in-person activities, a modified
and completely virtual 11th Annual Autonomous
Snowplow Competition (ASC) took place over a sixmonth period, November 2020 – April 2021.
Organized and hosted by Dunwoody College of
Technology in Minneapolis, MN, and with the support
of the Institute of Navigation and the Institute of
Navigation’s North Star Section, the purpose of the
ASC is to challenge university and college students
to design, build, and operate a fully autonomous
snowplow to remove snow from a designated path. This
competition encourages participants to employ stateof-the-art navigation and control technologies that can
enable their machines to rapidly, accurately, and safely
clear a path of snow.
This year, conditions necessitated adjusting the
competition to a two-stage/two-year plan where, in the
first year (2021), teams submitted snowplow designs
along with animated or computer simulations showing
how their snowplow vehicles would clear a path of
snow. In the second year (2022), the actual hardware
will be built based on the designs submitted this year,
and judging will take place during a live, in-person
snowplow event.

Preliminary Design Review
The first part of the competition, the Preliminary Design Review
(PDR), was held virtually over the week of February 14-20, 2021. At this
PDR, teams presented their initial designs to a panel of ASC Committee
members, who evaluated their presentations and provided feedback and
suggestions on how teams could further improve their concepts.
Teams were judged on the presentation of their snowplow designs
(including components, hardware, software, etc.) and their answers to
questions posed by the judges. The PDR accounted for 20% of the
individual scores.
Collaborative Design Review
The second and primary part of the competition was the formal
Collaborative Design Review (CDR). The goal of the CDR was to
review the finalized individual team snowplow designs and view
their animations or computer simulations of their vehicles plowing
a snowfield. During the CDR, teams presented their designs to a
distinguished group of eight judges from the sponsoring organizations,
engineering firms within the Twin Cities of Minnesota and the Institute
of Navigation North Star Section.
In addition, the CDR included simulations on how the “squads”
operated collaboratively, cooperatively, and in coordination with each
other to plow a larger and more complicated snowfield together.
The CDR was held on April 8, 2021, and accounted for 80% of
teams’ individual scores.
Snowplow Courses
Using animation or computer simulation, teams were required to

Teams
Thirteen academic teams from 10 institutions
took part in the 11th Annual Autonomous
Snowplow Competition. Institutions represented
were: Case Western Reserve University in
Cleveland, OH; Dunwoody College of Technology
(three teams); Iowa State University in Ames,
IA; Lake Area Technical Institute in Watertown,
SD, (two teams); North Dakota State University
in Fargo, ND; Université Laval in Quebec City,
Canada; University of Michigan – Dearborn;
University of Minnesota –Twin Cities; Minnesota
State University in Mankato, MN; and the
University of Ottawa – Carleton, Canada.
Minnesota State and the University of Ottawa
both were making their first appearance in the
competition.
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teams were announced in each of the two
events.
Single Teams Navigating the Single-I
Snowfield
First place went to Université Laval and
their “VAUL” snowplow.
Second place went to Minnesota State
University and their “Snow Roomba”
snowplow.
Third place went to the University of
Michigan, Dearborn, and their “Yeti XI”
snowplow.
Squads (Two Teams) Navigating the Triple-I
Snowfield
demonstrate how their snowplows
designs have progressed toward a more
First place went to Case Western Reserve
would operate in two virtual snowfield
marketable approach, which someday
University’s “OTTO XI” snowplow and
events: 1) Individual teams demonstrated
likely will result in an autonomous
North Dakota State University’s “Frosty the
on a single I-shaped snowfield course
commercial snowplow product. InterSnow Plow.”
(representing a sidewalk), and 2) a
vehicle communications methods
Second place went to Université Laval’s
“squad” event where individual teams
mostly used Wi-Fi nodes and net“VAUL” snowplow and the University of
demonstrated how their snowplows
works to communicate status between
Ottawa-Carleton’s “Caribou” snowplow.
collaborated with a partnering team’s to
robotic plows, with some teams using
Third place went to Dunwoody College
operate in coordination with each other
photodetectors and reflectors for coopof Technology’s “Snow Devils 10112”
to navigate a triple I-shaped snowfield
erative navigation between the robots.
snowplow and Minnesota State University
course (representing a household
“Snow Roomba” snowplow.
Winners and Awards
driveway).
Trophies were presented to first-, second-,
A virtual awards ceremony was held
Two stationary objects, simulating
and third-place teams in each of the two
April 15, 2021, where the winning
sign posts or trees, were
events. In a departure
positioned in each field,
from years past, and
2021 ASC Competitors
with one being located
taking into consideration
University/Affiliation
Snowplow Vehicle Name
inside the plowable
the unique challenges
snow path and the other
Case Western Reserve University
“OTTO XI”
presented this year, it was
outside the snow path.
Dunwoody College of Technology
“Snow Devils 10112”
decided that each of the
Dunwoody College of Technology
“Wechuge 2021”
Snowplow Design And
schools who presented in
Dunwoody
College
of
Technology
“Wendigo
2021”
Navigation Systems
the CDR would receive
Iowa State University
“Roboplow”
Most teams continue
$1,500 in award money
Lake Area Technical College
“Frozone #1”
to use state-of-the-art
for their participation
Lake Area Technical College
“Frozone #2”
navigation systems such
to support them in the
Minnesota
State
University
“Snow
Roomba”
as LiDAR, optical navigalive, in-person snowplow
North Dakota State University
“Frosty the Snow Plow”
tion systems, inertial
event scheduled for 2022.
Université Laval
“VAUL”
instruments, magnetic
Competition prize money
University of Michigan-Dearborn
“Yeti XI”
sensors, ultra-wide-band
was provided through
University
of
Minnesota-Twin
Cities
“Snow
Squirrel”
radio reflectors, visual
generous donations
University of Ottawa-Carleton
“Caribou”
odometry, and Global
from the competition’s
Navigation Satellite
sponsors.
The Sponsors
Systems (GNSS). Many
For a complete list of
ASTER
Labs,
Inc.
Toro
Company
sensor costs have concompetition winners and
CarMax Foundation
US Bank
tinued to decrease since
scores, please visit www.
Institute of Navigation, Satellite Division Western Snowplow/Douglas
the expensive high-grade
autosnowplow.com.
Northrop Grumman
Dynamics
sensors used in the
SICK Inc.
early competition events.
Vehicle and navigation
The ASC Committee is sincerely grateful to our generous sponsors.
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GNSS Program Updates

News from Systems Around the World
FCC Affirms $2.86M Fine in Case of
Devices That Could Interfere with
Radio Nav Frequencies
The Federal Communications Commission (FCC) on June 17, 2021
affirmed a $2.86 million fine against
the Hong Kong firm HobbyKing, for
marketing transmitters in the U.S. that
did not comply with FCC rules and
had the potential to interfere with radio
navigation.
“HobbyKing marketed devices that
provide a video link between transmitters
mounted on unmanned aircraft systems
and users flying drones,” the FCC said in
a release. An agency investigation found
that dozens of devices marketed by the
company transmitted in unauthorized
radio frequency bands and, in some cases,
operated at excessive power levels.
“Twelve of those models operated
in restricted frequency bands that are
reserved for federal uses and threatened
to interfere with critical Federal Aviation
Administration (FAA) systems and other
important federal operations,” the FCC
said in its original July 23, 2020 forfeiture
order.
Under FCC marketing rules, certain
devices need to be certified through the
FCC’s equipment authorization process
based on their operating parameters.
“The Commission’s equipment
marketing rules, including the
authorization requirements, are designed
to ensure that equipment in the
wireless ecosystem operates in a manner
that minimizes the risks of harmful
interference, the FCC wrote in its June
17, 2021 decision denying HobbyKing’s
request to reconsider the fine.
The FCC action was in response to a
complaint by the National Association for
ION Newsletter

Amateur Radio (AARL) that “the operating frequencies of these drone TV transmitters near the 1.3 GHz amateur band
were dip-switch selectable for frequencies
internationally assigned for use by Aeronautical Navigation, GPS, GLONASS
L1, ATC Mode ‘S,’ s well as to both the
interrogation and reply frequencies used
for Air Traffic Control Air-Route Surveillance ‘transponder’ radar systems,” AARL
said on its website.
“Transmissions from these drone TV
transmitters would have caused harmful
interference to these essential Navigation and ATC Radar systems, presenting
a real and dangerous threat to the safety
of flight,” said ARRL Electromagnetic
Compatibility Committee Chair Kermit
Carlson.
HobbyKing did not respond to a request for comment as of press time.
China’s New 5-Year Plan Targets
Industrial Innovation for BeiDou
Applications
In March, China approved a 5-year
plan covering 2021-2025 with broad
goals for technological innovation in
many areas including satellite navigation.
China is hoping to make
breakthroughs in communication,
navigation integration and other
technologies, according to a partial,
unofficial translation by the Substack
Newsletter Pekingnology. The country
seeks, the translation said, to “build
an industrial innovation platform for
BeiDou applications, carry out typical
demonstrations in the communications,
financial, energy and civil aviation
industries, and promote the marketoriented and large-scale application
of BeiDou in consumer areas such as
22

in-vehicle navigation, smartphones and
wearable devices.”
Moreover, “in order to serve major
national strategies,” the translation
said, China plans to “implement major
projects” including the “industrialization
of BeiDou.”
The 5-year plan, noted Covington
and Burling in April on its Global Policy
Watch blog, contains 19 chapters, 65
sub-chapters and sets out 20 main indicators for economic and social development. There are also initiatives, including
“102 major engineering projects slated for
the coming five-year period.”
And advancing aerospace technology
and space-based activity is very much part
the plan.
“In the core areas of national security
and development, strategic scientific programmes and projects are to be developed
and implemented,” the translation said.
“A number of major national science and
technology projects of a forward-looking
and strategic nature will be implemented
in such frontier areas as artificial intelligence, quantum information, integrated
circuits, life and health, brain science,
biological breeding, air and space science
and technology.”
To support these efforts China plans
the “innovative development of integrated aerospace engineering equipment.
It also intends to “organize and implement a future industry incubation and
acceleration programme, plan and lay out
a number of future industries.”
“We will build a space infrastructure
system for communication, navigation
and remote sensing with global coverage
and efficient operation,” the translation
said.
continued next page
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Corporate
Profile
HERE Technologies
www.here.com

HERE, a location data
and technology platform,
moves people, businesses
and cities forward by
harnessing the power of
location. HERE Positioning
enables accurate and
flexible solutions using
a wide range of services
comprised of submeter High Definition
Global Navigation
Satellite System (HD
GNSS) positioning,
assisted GNSS, as well
as cellular and Wi-Fi
based positioning. HERE
Positioning delivers
precise location for
Internet of Things (IoT),
personal navigation, lane
guidance, autonomous
driving, drones and more.
To learn more about HERE
please visit
www.here.com.
For more information on
corporate membership in the
Institute of Navigation, please
contact Kenneth P. Esthus at 703366-2723 extension 1004
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Calendar of Upcoming Events
AUGUST 2021
24-27: ION Joint Navigation
Conference (JNC) 2021, Northern
Kentucky Convention Center,
Greater Cincinnati area (KY/OH)
Contact: ION
Web: ion.org

JANUARY 2022
24-27: ION International Technical Meeting (ITM)
& ION Precise Time and Time Interval (PTTI)
Meeting 2022, Hyatt Regency Long Beach, Long
Beach, California
Contact: ION
Web: ion.org

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

APRIL 2022
11-14: ION Pacific PNT 2022, Hilton Waikiki Beach
Hotel, Honolulu, Hawaii
Contact: ION
Web: ion.org

NOVEMBER 2021
15-18: NAVIGATION 2021,
International Navigation
Conference (INC) and
the European Navigation
Conference (ENC) Edinburgh,
Scotland
Contact: RIN
Web: www.rin.org.uk
continued from previous page
European GNSS Agency Transforms
into EUSPA, Takes on Expanded Role
The European GNSS Agency officially
became the European Union Agency for
the Space Program (EUSPA) on May 12
taking on, in the process, an expanded
role in the operation and promotion of
Galileo and EGNOS.
EUSPA will have enhanced management responsibilities for the operation
of the two systems and for providing
Galileo and EGNOS services. There are
also plans for developing downstream
markets and fostering innovation based
on their capabilities and on those of the
Copernicus Earth observation system.
“By creating EUSPA,” said EUSPA Executive Director Rodrigo da
Costa, “the European Union will
further increase the return on investment made by the EU citizen in the
EU Space Programme by strengthening
its contribution to the EU´s priorities. This will be achieved primarily by
leveraging synergies between the various
Programme components, particularly
navigation, Earth observation and secure
communications.”
23

JUNE 2022
6-9: ION Joint Navigation Conference (JNC) 2022,
Town and Country Hotel, San Diego, California
Contact: ION
Web: ion.org
SEPTEMBER 2022
19-23: ION GNSS+ 2022, Hyatt Regency Denver at
Colorado Convention Center, Denver, Colorado
Contact: ION
Web: ion.org
Inventory of Satellite Spectrum Uses
Underscores Criticality of GPS
A new report from the National Telecommunications and Information Administration (NTIA) details the frequencies used by
satellites and how they support communications, defense, weather forecasting, air travel
and other services including GPS.
NTIA wrote the report to help policymakers weigh trade-offs as the competition for
spectrum and the potential for interference
to satellite signals increases.
The agency described the uses of GPS for
synchronizing networks, guiding automated
farming, improving the transport of people
and goods and supporting emergency
services.
Billions of devices incorporate GPS as
a critical enabling technology, the NTIA
wrote, and over 700 companies operate in
the PNT arena.
A 2019 study found GPS provided $1.4
trillion in cumulative benefits to the private
sector between 1984 and 2017, they wrote,
while a more recent study concluded GPS
had a $1.4 trillion economic impact on U.S.
industry alone.
Losing GPS service would cost the U.S.
economy $1 billion or more daily, NTIA reported, and even more if it happened during
the spring planting season.
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September 20-24, 2021

Exhibit Hall: September 22 and 23
St. Louis Union Station Hotel
St. Louis, Missouri

Meet me in St. Louis!
The 34th
International Technical
Meeting of the Satellite Division
of the Institute of Navigation

REGISTRATION NOW OPEN - VIRTUAL OPTIONS AVAILABLE

ion.org

