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12TH ANNUAL
AUTONOMOUS SNOWPLOW
COMPETITION

Winners
Named in InPerson Contest

I

n 2020, concerns over COVID prompted the annual snowplow competition
organizers to change the format from a
single-year competition to a two-year
competition, with initial preliminary
design reviews being held virtually from
2020–2021, and the in-person competition being held in 2022.
In year one, teams submitted their
snowplow designs as well as animated
and/or computer simulations showing
how their vehicles could clear a path
of snow. In year two, the actual snow
removal event (the dynamic competition)
was held in person January 21–22, 2022,
at the Dunwoody College of Technology,
Minneapolis, MN campus, with the support of the Institute of Navigation Satellite Division and the Institute of Navigation’s North Star Section. Teams were
able to debut their new-and-improved
autonomous snowplows and demonstrate
their vehicles’ performance.
Teams
Thirteen teams from nine universities
signed up to compete, however two of the
continued on page 4
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UKRAINE WAR

GPS Interference Up, GLONASS
Faces Cyber, Embargo Threats

T

hough spoofing of GPS signals has been documented for the last several years,
new reports of GPS interference have emerged since Russia attacked Ukraine on
February 24. The GLONASS system is also in the crosshairs with Ukraine organizing
cyberattacks against Russia’s satellite navigation system and support is building to stop
providing GLONASS with essential laser ranging data.
Both the Finnish airline Finnair and Lithuanian airline Transaviabaltika reported that
their GPS receivers were experiencing interference, according to news reports.
Transaviabaltika said it had been forced to cancel flights between Tallinn, Estonia,
and Savonlinna, Finland, because the pilots lost the GPS signal when approaching the
Savonlinna airport.

New navigation signal disruptions have emerged since the start of the Ukrainian war as
well as threats of cyberattacks and data embargos.
Photo courtesy of Pixabay

“At first, I suspected that there was some kind of fault with the equipment,” airline
spokesman Jyri Koponen told YLE News on March 10. “The plane turned around
when the fault was found, in line with normal procedures. When it arrived back in the
Helsinki area, all signals were working fine again.”
Flights had to be suspended because the Savonlinna airport did not have alternative
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Meet In Person with Us in 2022

T

he ION Council met virtually on
January 21. At this meeting I reported on several recent actions taken by
the ION Executive Committee, including the status of NAVIGATION: Journal
of the Institute of Navigation, making the
journal fully open access. I am proud
to report that this transition has been
completed. Please see the article on page
13 for details. Additionally, the Council
approved the audit report from the prior
fiscal year and the ION’s national budget
for the next year. Minutes from the January Council meeting, with supporting
information, are available for viewing at
ion.org.
ION’s Military Division Convenes
The ION’s Military Division, host of
the ION’s Joint Navigation Conference,
submitted updated bylaws and officers—
both of which were approved. Welcome
to the Military Division’s new officers:
Dr. Thomas Powell, the new chair and
member of the ION Executive Committee; Dr. Keith McDonald, vice chair; and
John Langer, immediate past chair.
This is a good time to mention that
the Military Division’s Joint Navigation
Conference will be held June 6–9, 2022,

at the Town and Country Hotel
in San Diego, California. This
conference received a record
number of abstracts and has
been expanded to a full four
days of FEDCON US-only
presentations (attendance in the
technical program is screened
by the Joint Navigation Warfare
Center and restricted to the
US only; exhibit hall is public
access). Keynote addresses will
be given by:
• RDML Eric Ruttenberg,
Vice Chief Engineer, Space
and Naval Warfare Systems
Command, Navy
• CAPT Brian Emme, Director of Air Exercises, USN
Third Fleet
• Mr. Cordell DeLaPena,
Program Executive Officer,
Space Production, Space,
Attendees at ION’s JNC 2021 held in Covington, KY
and Missile Systems Center,
LAAFB, USAF
Positioning, Navigation, and Timing
• GEN David D. Thompson,
Advisory Board, NASA and James
Vice Chief of Space Operations, US
Tyler Chair, Loy Institute for LeaderSpace Force
ship, US Coast Guard Academy.
• ADM Thad W. Allen (USCG, Retired), Chair, National Space-Based
ION is expecting record attendance
this year and encourages those
of you who are certain of your
attendance to make your hotel
reservations now to ensure you get
a room at the headquarters hotel.
The JNC conference program is
available online at ion.org/jnc/
program.cfm.
The Town
and Country Hotel in
San Diego,
California, is the
location for
ION's Joint
Navigation
Conference
June 6−9,
2022.
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ION Recovery Post-Vaccine
I am pleased to announce that
ION’s membership rolls are almost back to pre-pandemic levels,
and we hopefully anticipate they
will be fully restored by the end of
2022 (fingers crossed).
We are also seeing positive
trends in the ION community’s
Spring 2022
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desire, and tolerance, to return to inperson gatherings for ION technical
events. While ION GNSS+ 2021 (September 2021) had 24% of its usual and
customary in-person attendance, ITM/
PTTI, held in January 2022, had 40% of
its attendees in person. Additionally, the
abstract submission for this September’s
ION GNSS+ 2022, being held September 19–23 in Denver, Colorado, indicates
a strong preference for in-person presentation–all very positive signs.
I hope to see all of you, in person, at
an ION event in the very near future!
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INSTITUTE OF NAVIGATION
SATELLITE
DIVISION

Presentation of the Johannes Kepler
award takes place at the Satellite Division’s
Annual ION GNSS+ meeting in September.
The purpose of the Kepler Award is
to honor an individual for sustained
and significant contributions to the
development of satellite navigation.
All members of the ION are eligible
for nomination. A special nominating
committee determines the winner of the
award, which is presented only when
deemed appropriate.
ION members are encouraged to submit
nominations for deserving individuals.
For complete instructions, or to submit
a nomination, go to ion.org/awards, and
click on “Kepler” in the left-hand menu.
Nominations must be received by June 30.
To view a complete list of previous Kepler
Award winners, please visit
ion.org/awards/kepleraward.cfm.
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Dr. Mark Psiaki received the 2021 Kepler
Award for setting a standard of rigor, clarity,
and thoroughness in addressing key estimation
and signal processing problems in PNT.
ION Newsletter

SNOWPLOW

continued from page 1
teams from Canada were unable to enter
the U.S. due to COVID travel restrictions; and another team had a COVID
outbreak forcing them into quarantine
and preventing them from competing in
the dynamic portion of the competition.
On January 21, 2022, the remaining
ten competing teams participated in the
Final Qualification Review (FQR) to
make sure their vehicle met the safety
specifications and to demonstrate that
their vehicle was ready to compete the
following day. Organizers provided a livestreamed feed through YouTube so that
family, friends, and fans could safely view
the competition.
Snowplow Courses
During last year’s initial virtual portion
of the competition, teams used animation
or computer simulation to demonstrate
how their snowplows would operate in
two virtual snowfield events. This year’s
competition presented the live snow
removal portion of the competition, giving the teams the opportunity to demonstrate in real time how their snowplows
operate.
Teams were required to compete on
two courses; a single I-shaped snowfield
that represented a sidewalk, and a new
squad event where one team could collaborate with another team to operate
their two snowplows simultaneously and
in coordination with one other, while
navigating a triple I-shaped snowfield designed to represent a household driveway.
The introduction of the squad portion
of the competition was incorporated to
encourage collaboration and reinforce the
cooperative nature of teams working to
meet their goals. In prior years, having
two vehicles on the same course was unthinkable, but advancements in autonomous guidance and control capabilities
have significantly improved, allowing for
the safe navigation of multiple vehicles
on a single field.
Teams were judged on both speed and
the amount of snow that was cleared
from the course with the goal of plowing a minimum of 50% of the snow off
ION Newsletter

the field and into a specified plow-zone.
Teams were penalized if snow was plowed
outside the designated zone or if the
vehicle did not autonomously return to
the designated garage area.
To test the vehicle’s obstacle detection
and avoidance strategies, two stationary
objects, simulating sign posts and trees,
were positioned in each field, with one
being located inside the plowable snow
path and the other outside the snow
path.
Snowplow Design And Navigation
Systems
The three vehicles from Dunwoody
College all featured new, more compact
chassis designs. The
Lake Area Technical
College’s vehicles also
featured compact
body configurations.
The smaller volume
presents a positive
design step for future
commercial designs.

The North Dakota State University’s
vehicle featured a mid-vehicle articulating design to achieve turning motion and
plow blade orientation.
Teams equipped their vehicles with
state-of-the-art navigation systems such
as lidar, optical navigation systems,
inertial instruments, magnetic sensors,
ultra-wideband radio reflectors, visual
odometry, and even GNSS. The designs
have continued to progress toward more
marketable solutions, which will likely
result in a commercial autonomous snowplow product down the line.

Teams were required
to plow an I-shaped
course that represented a sidewalk.

First place in both categories received a cash prize of $1,500.
Single Teams Navigating the Single-I Snowfield
First place
Dunwoody College of Technology’s Snow Devil snowplow
Second place
Dunwoody College of Technology’s Wendigo snowplow
Third place
Dunwoody College of Technology’s Wechuge snowplow
Squads (Two Teams) Navigating the Triple-I Snowfield
First place
Case Western Reserve University’s OTTO snowplow and
North Dakota State University’s Frosty the Snowplow
Second place
Dunwoody College of Technology’s Snow Devil snowplow
and the Dunwoody College of Technology’s Wendigo
snowplow
Third place
University of Michigan-Dearborn’s Yeti snowplow and the
Dunwoody College of Technology Wechuge snowplow
The Golden Shovel Awards, recognizing the best student posters, were given
to Dunwoody College of Technology’s Snow Devil, Wechuge, and Wendigo
design teams.
The Dr. Nattu Golden Smile Award, named after the late University of
Michigan-Dearborn advisor, went to Lake Area Technical College’s teams Bad
Max, Ice Breakers, and Torque, who were recognized for their team spirit.
For a complete list of competition winners and scores, please visit
www.autosnowplow.com
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2022 ASC Competitors
University/Affiliation
Case Western Reserve University
Dunwoody College of Technology
Dunwoody College of Technology
Dunwoody College of Technology
Lake Area Technical College
Lake Area Technical College
Lake Area Technical College
North Dakota State University
Minnesota State University
University of Michigan-Dearborn

Snowplow Vehicle Name
OTTO
Snow Devil
Wechuge
Wendigo
Bad Max
Ice Breakers
Torque
Frosty the Snowplow
Snow Problem
Yeti

Unable to Attend the In-Person Event
Universite Laval
WEASEL
University of Ottawa-Carleton
Caribou
University of Minnesota-Twin Cities Snow Squirrel

The Sponsors
Air Automation Engineering, Inc.
ASTER Labs, Inc.
Banner Engineering Corporation
Delkor Systems, Inc.
FANUC Corporation
Institute of Navigation
International Society of Automation
SICK, Inc.
The Toro Company
Western Snowplows by Douglas
Dynamics LLC
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ION ITM/PTTI 2022

Covering Topics from Fixing Traffic Jams to Navigation on the Moon

T

hough some people stuck in bumper-to-bumper traffic have probably
thought that removing a few especially
annoying nearby drivers would improve
their situation, few would likely have
guessed that backed-up roads could be
largely unclogged with driverless cars and
smart algorithms.
Keynote speaker Dr. Alexandre Bayen,
who is now the Liao-Cho Professor of
Engineering at the University of California-Berkeley, described how microsimulation models and computerized learning
were helping the school’s Institute for
Transportation Studies find ways to use
self-driving vehicles in a decentralized
way to untangle traffic jams.
“We’re not solving congestion,” Bayen
told the audience at ION’s ITM/PTTI
conference in Long Beach, California,
“we’re just dealing with it in a way that
people don’t have to stop-and-go. Beyond
the obvious energy savings, stop-and-go
is also known to be the major producer of

accidents on the road.”
Other talks during the three-day
conference described navigating in
challenging environments including
underwater, the future of industrial
atomic clocks, and the launch of the
new Engineering Research Visioning
Alliance (ERVA). Additional presentations covered drone navigation and
precise positioning while speakers also
discussed using techniques including
cryptography to thwart security risks.
One entire session looked at the
elements needed for navigation on
the Moon from using lighthouses as
a basis for lunar PNT architecture to
setting up a reference system for the
moon and developing lunar receivers. Other talks featured papers on
radio-navigation beyond medium
Earth orbit.
The next ITM/PTTI will be
held January 23-26, 2023 in Long
Beach, California.

Right: ION
president Dr.
Frank van Diggelen opening
the ITM/ PTTI
plenary session.
Below: ITM program committee recognized:
Dr. Okuary
Osechas, ITM
general chair;
Dr. Frank van
Diggelen, ION
president; and
Dr. Juan Blanch,
ITM program
chair.

ION's 2022 Fellows

The Fellows designation recognizes the distinguished contribution of ION members to the advancement of the technology, management,
practice, and teaching of the art and science of navigation, and/or for lifetime contributions to the Institute.

Dr. Charles K.
Toth

Dr. Dennis M. Akos

For fundamental contributions
to the design, development, and
commercialization of GNSS softwaredefined radio technology

For significant
contributions to the
development and
implementation of
multi-sensor integrated
navigation systems,
and for demonstrated
excellence as an
academic mentor and
professional leader

Dr. Frank
van Diggelen, 2015
Fellow
and ION
president
(center)
presents
2022 Fellow
awards to
Dr. Charles
Toth (left)
and Charles
“Chuck”
Schue
(right). Not
pictured:
Dr. Dennis
Akos.

Charles A.
Schue, III
For distinguished and
sustained technical and
strategic contributions,
leadership, and
guidance in resilient
PNT solutions
ION Newsletter
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Congratulations ION 2021 Annual Award Recipients
COL. THOMAS L. THURLOW
AWARD

In recognition of outstanding
contributions to the science of
navigation

Dr. Ignacio Fernández-Hernández
For pioneering contributions
in the design and
development of GNSS
authentication and high accuracy services
PTTI DISTINGUISHED SERVICE
AWARD

To recognize outstanding
contributions related to the
management of precise time
and time interval systems

John Fischer

PER ENGE EARLY ACHIEVEMENT
AWARD

Given in memory of
Prof. Per Enge, a brilliant
engineer and teacher, who
used his cheerfulness and
enthusiasm to inspire
others through education,
advising, and mentorship.
This award recognizes an
individual early in his or her
career who has made an outstanding achievement in
the art and science of positioning, navigation
and timing.

Dr. Jonathan “JR” Ryan
For developing vision-based navigation software
used operationally on aircraft, UAVs, and glide
munitions that provides continuous highaccuracy absolute position measurements in
GPS-denied environments

For his pioneering research,
patents, and leadership
that advanced resilient
positioning, navigation, and timing technology;
and his prominent role in increasing global
awareness of PNT
SUPERIOR ACHIEVEMENT
AWARD

For outstanding
accomplishments as a
practicing navigator

Major Matthew L.
Sutton

DR. SAMUEL M. BURKA AWARD

To recognize outstanding
achievement in the preparation
of a paper advancing the art
and science of positioning,
navigation, and timing

Dr. Mark L. Psiaki
For his paper Navigation
Using Carrier Doppler Shift
from a LEO Constellation:
TRANSIT on Steroids, published in the Fall 2021
issue of NAVIGATION: Journal of the Institute of
Navigation, Vol. 68, No. 3, pp. 621-641

For his ingenuity, dedication,
and leadership in ensuring
critical operational test
and tactics improvements for warfighters in a
contested electromagnetic environment

NORMAN P. HAYS AWARD

In recognition of outstanding
encouragement, inspiration,
and support contributing to the
advancement of navigation

CAPTAIN P.V.H. WEEMS AWARD

For continuing contributions
to the art and science of
navigation

Satoshi Kogure
For technical and
programmatic leadership in
the development of Japan’s
Quasi-Zenith Satellite
System serving the Asia-Pacific region, and for
leadership in international GNSS
Spring 2022

Dana A. Goward
For inspirational leadership
in the pursuit and
preservation of navigational
excellence, developing
international support for protecting, toughening,
and augmenting GNSS, and for advocating
policies and systems to support resilient PNT
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COLLECTING RAW GNSS DATA

ESA Collaborates on CAMALIOT Mobile App

T

he CAMALIOT (Application of
Machine Learning Technology for
GNSS IoT Data Fusion) project integrates data from the Internet of Things
(IoT), including smartphones and traditional GNSS data sources, to leverage big
data, data fusion, and machine learning
(ML) technologies to unleash innovation
opportunities in GNSS science fields.
In collaboration with the team at the
European Space Agency, CAMALIOT
extends the current capabilities of the
GNSS Science Support Center (GSSC)
with IoT-enabled GNSS data processing
pipelines to support several
science use cases.
One of the two CAMALIOT consortia, led by the
Space Geodesy group at ETH
Zurich, has developed the CAMALIOT Android app for the
collection of raw GNSS data
from smartphones. Taking
advantage of dual-frequency
chipsets now available in some
Android mobile phones, the
Android app logs data from
all available satellites. The
purpose of the campaign is
to collect as much raw GNSS
data as possible from as many
locations around the world
using crowdsourcing. The data
will then be ingested into ML
pipelines for determination of
tropospheric parameters that
support weather forecasts on
Earth and for the monitoring of space
weather, which is important for satellite
operations and communication.
How Can I Get Involved?
The CAMALIOT crowdsourcing
campaign was launched in the middle
of March 2022 and will initially run for
four months. The CAMALIOT mobile app is available from the Google
Play Store or via the dedicated website: https://www.camaliot.org, which
contains more information about how
to participate. Once the app is installed,
ION Newsletter

place the phone in a static location that
has clear views of the sky (preferably
outside) although the phone can also be
placed on a window ledge. Once you
have logged some data, you can upload
it to the CAMALIOT server. You can
repeat this process as often as you like and
check your place on the app’s leaderboard
throughout the campaign. At the end of
the campaign, anyone who has logged a
minimum amount of data will be entered
into a prize draw for an Android mobile
phone with dual-frequency capability and
Amazon vouchers.

platform for GNSS. This platform implements a Software-as-a-Service (SaaS)
delivery model to realize a paradigm shift:
moving processing components closer
to the data. Now you can carry out your
GNSS data processing from anywhere,
using just a web browser.
The GSSC Now Preview Programme
provides early access for selected users
to try out new features of the platform
before they are rolled out to the general public. At the moment, access to
functionalities like multiple downloads,
Datalabs, personal Workspace, or some

Researchers interested in using the
raw GNSS data collected through the
phone can download the data in RINEX3
format.

restricted data sets is limited to Preview
Programme members.
Once you have logged and uploaded a
minimum amount of data to the CAMALIOT server, participants will receive an
invitation code to join the GSSC Now
Preview Programme. CAMALIOT’s
invitation code for GSSC Now Preview
Programme can be used here: https://
gssc.esa.int/register/. Once received, your
access will be granted within 1-5 working
days.

Access to the GSSC Now Preview
Programme
In addition to the prize draw, logging a
certain amount of high-quality data with
the app will grant you access to the GSSC
Now Preview Programme. The GSSC
Now cyber-infrastructure leverages cloud
technologies to provide the science community with an innovative exploitation
8
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INCLUSIVE NAVIGATION

Waymap: A Truly Inclusive Navigation App

F

or those with disabilities, one of the
greatest barriers to independent travel
is the loss of confidence in one’s ability to
get where they want to go, reliably, on time,
and more importantly, to then be able to
get home safely.
In the case of visual impairment, 35% of
blind people never leave home without assistance from another person. Of those that
do travel independently, half limit themselves to just two or three routes that they
know well. This has created an employment
and living standards crisis as approximately
75% of those registered as blind in the USA
are unemployed, primarily due to their lack
of mobility.
This problem extends to all forms of
mobility-limiting disabilities and, as the
population ages, many more people are facing such difficulties. According to the CDC,
one in every four adults in the United States
has some form of disability.
Technology, however, can make the physical world accessible for persons with disabilities. Two or three routes quickly become
10 or 20, and the health and societal benefits
that result from that are truly enormous.
Imagine a navigation app that can direct
you all the way to the sugar in your local
supermarket, to the fire escape in an emergency, or lead you on an interactive tour of
your local museum.
Waymap is a navigation app that works
both outdoors and indoors offering endto-end journey navigation for absolutely
anyone, regardless of whether they have a
disability or not. The app is based on an
algorithm that allows the delivery of accurate
and reliable navigation instructions without
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the need for any external signals, such as
GPS, Wi-Fi, or mobile data. Instead, Waymap uses the motion sensors already built
into a smartphone and an accurate map.
Waymap’s goal is to give everyone the confidence to get around and truly become part
of their community, and that is what makes
for an enlightened city.
To see more, visit https://www.youtube.
com/watch?v=RlViiKHnKJ0&t=7s

How Did Waymap Come To Be?
Waymap sprang from work done by the
Royal Society for Blind Children (RSBC) in
London. Through many years of focus-group
discussions with the blind children that the
charity supports, Waymap’s founder, Dr.
Tom Pey, realized that independent mobility
was one of the key issues they faced. Tom,
having a truly entrepreneurial spirit, made
it his life’s mission to find a way to leverage
new technologies to solve this enormous
issue.
After decades of experimentation with
different technologies such as Bluetooth
beacons, RFID tagging, and physical infrastructure, Tom discovered the best way to
tackle this problem. In 2017, Waymap was
founded, and both the team and the vision
for the business have grown dramatically
since then.
How Does This Technology Work?
At its core, Waymap’s location algorithm
uses the sensors built into smartphones—
their accelerometers, gyroscopes, magnetometers, and barometers—to follow users
around as they navigate. Waymap’s algorithm
applies probability theory and particle
filtration to the raw sensor information to
facilitate this process, a
This picture
technique known as pedesshows a basic
trian dead reckoning.
2D map of
Since the algorithm uses
an outdoor
probability theory, there
train station.
The location
is a known drift, in which
delivered by
minute errors creep into
Waymap's
the user’s location over
algorithm is
long journeys. Waymap
shown as red
dots on the
has built a map-matching
map, represent- technique that addresses
ing the route
the issue of drift using
taken by the
known features of the map
app user. This
shows Wayto zero out these errors as
map's accuracy the user navigates. This
when comallows accuracy to be
pared to GPS.
maintained across entire
9

city-wide journeys.
To watch the
algorithm and
map-matching
techniques work in
real time:

https://www.youtube.com/
watch?v=TRrM_qfV2c8&t=34s
To watch Waymap’s CTO explain the technology in more detail: https://www.youtube.com/
watch?v=e3f_p82bdb8
Because Waymap’s algorithm does
not need external signals its technology is infrastructure-free and scalable.
Infrastructure-based solutions have
struggled to gain mainstream adoption for many years, due to their cost,
lack of accuracy, and upkeep requirements. Waymap overcomes these
problems—no signals, no infrastructure, just get out and explore.
For Waymap, this is just the beginning of their location technology
journey. Waymap is actively exploring
new areas of machine learning, image
recognition, and 5G to bolster Waymap’s current technology suite.

Waymap Comes to DC in 2022
Waymap has completed projects
around the globe—in train stations, museums, malls, and government buildings.
This year the company will focus on the
United States, where the firm has some
very exciting efforts in the works on both
the East and West Coasts.
In fact, Waymap’s flagship project
will be unveiling in Washington, DC,
this year. An announcement with more
details will be coming soon.
Look out for Waymap in your city.
If you would like to learn more, please
visit https://waymapnav.com/ or get in
contact with the company
info@waymapnav.com.
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AVIATION PREPARED TO REORIENTATE?

Magnetic to True
David Learmount/London

Whilst professional mariners stopped
using the Earth’s magnetic field as their
primary directional reference some fifty
years ago, civil aviation did not, because
at that time accurate inertial reference
units (IRU) were too heavy and bulky for
aircraft use. Besides, why change something that has been working for the last
100 years?
Aviation has changed in the last 100
years, and today, with tightly coupled
aircraft systems using different magnetic
variation sources and those aircraft becoming more tightly coupled with the air
traffic system, computers are not as good
at filtering through magnetic variation
error as humans are. Pilots can disregard
three degrees of error between the IRU
and the flight management system (FMS)
magnetic heading and track, but at a systems level, the aircraft will start arguing
with itself. For medium and large aircraft
using performance-based navigation—
backed up by ring laser gyro-stabilized
INS/AHRS platforms, radio beacons,
and air traffic control surveillance using
multiple technologies—means aviation
has no real need to use a magnetic reference. The debate about changing from
magnetic to True is now moving toward
how to change, and when; March 2030
is the proposed date that was recently
briefed during the ICAO ANC Talk
Series.
How to Make the Change
While this seems to be a sensible
course of action within medium and
large aircraft utilizing IRU and FMS as
the basis for navigation, the large body
of light twins and single-engine aircraft
may not have that same basis of navigation and still rely on the tried-and-true
magnetic compass or magnetic sense flux
valves feeding an attitude heading reference unit (AHRU) producing a magnetic
heading for the pilot.
In consultation with general aviation
pilots in Canada (the Canadian Owners and Pilots Association is a member
ION Newsletter

of the working
group proposing the change
in Canada), they
do not feel that
this is a detractor
from the change.
As explained to
the work group,
The debate about changing from Magnetic North to True North
during the flightas a directional reference for aviation is now focusing on how to
planning process,
change, and when; March 2030 is the proposed date that was retrack lines drawn on cently briefed during the International Civil Aviation Organization’s
(ICAO) ANC Talk Series.
the Visual NavigaInternational Association of Institutes of
tion Chart (ICAO 1:500000 VFR Chart)
Navigation (IAIN), which has meticuproduce a true track. Upper winds (FD),
lously studied all the issues, said that
terminal forecasts (TAF), station actuals
“the biggest single problem in trying to
(METAR), graphical area forecast (GFA)
implement this change worldwide would
all report wind in true. Those winds
be inertia—the large number of countries
are added to the flight log to produce
involved and the difficulty of finding the
a true heading to fly to make good the
will to all change at once.”
track planned. They suggest leaving out
the last step, converting the track and
Overcoming Inertia
heading to magnetic on the flight log,
To work out how best to overcome
and instead, just adding the magnetic
this inertia, the IAIN set up a specialvariation to the value already on the
ist working group, the Aviation Headcompass correction card when setting the
ing Reference Transition Action Group
directional gyro manually to set and fly
(AHRTAG), which has been meeting
the true heading.
monthly since early 2021. The AHRTAG
Modern civil and military aircraft
is a Canadian-led multinational team of
have the capability to fly to a True North
navigation experts from the USA, UK,
reference at the push of a button: the
France, the Netherlands, and Australia,
FMS is designed to identify True North
and is chaired by Anthony MacKay, Nav
at startup, and when a magnetic reference
Canada’s director of operational safety.
is required, it is computed for the FMS
The group includes representatives from
from True by applying local magnetic
several national aviation authorities
variation via embedded look-up tables.
(NAA), major aircraft manu- facturers,
Airways and approach procedures within
pilot associations, and also the commerthe FMS may use up to four different
cial air navigation charting and aviation
sources of mag var (FMS, procedure deinformation provider Jeppesen.
sign, airport, or station declination) from
From briefings that the AHRTAG has
either the FMS or ARINC 424 Navigareceived from avionics manufacturers,
tion Database. Systemic and latent errors
switching to True is something many of
occur when these don’t match. With the
them can do. One manufacturer who
ubiquitous use of global navigation satelhas historically supplied GPS navigation
lite systems (GNSS) and the impressive
systems to light aircraft is capable of true
capability of modern inertial reference
navigation today and when coupled with
systems (IRS), plus the steady decommistheir microelectromechanical systems
sioning worldwide of surface-based radio
(MEMS) attitude and heading system is
navigation aids, the decision to rely on
fully capable of providing a true north
the constantly changing Earth’s magnetic
heading for all operations.
field is increasingly hard to justify. The
The migration of the geographic
10
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Canada’s concept of operations offers a route to modernity without needless costs for
the aviation industry. Aviation systems and data start with reference to a constant True
North. All aviation weather products are produced with reference to True North except
for tower winds (and ATIS) for the purpose of take-off and landing. VFR navigation products are oriented to True North. With the advent of modern aviation navigation systems,
now is the time to start the foundational change to a True North reference system over
the next eight-to-10 years.

magnetic poles has accelerated in recent
years, adding to the relentless task of
updating multiple aircraft systems,
instrument flight procedures, navigation
aids, surveillance systems, and distributing the associated flight information.
AHRTAG points out that updating
aircraft magnetic variation look-up tables
is a specialist and expensive maintenance
activity that has no effect on the way
the aircraft derives its directional information. It merely ensures the result is
displayed as a magnetic value that adds
system errors to the originally determined
True heading. And if a future variation
shift is sufficient to affect airport assets—like runway and taxiway signage, it
drives airport costs on a continuing basis.
Moving from magnetic to True reference
for an air navigation service provider or
nation state utilizes the same procedures
as used in the periodic task of re-orientating runway, VOR and TACAN radio
navigation beacons for local magnetic
variation changes. Across the industry,
stakeholders have the necessary skills and
knowledge to make the move.
continued on next page

GNSS+
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Show Dates: September 21 and 22
Hyatt Regency Denver at Colorado Convention Center
Denver, Colorado
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continued from previous page

ence on COVID-19 in October 2021,
and a presentation by AHRTAG on True
North was delivered and supported by
ICAO’s European PBN Task Force/Navigation Steering Group meeting in early
December.

Canada is now actively concentrating
on implementing the change; it already
references True North in nearly half its
airspace because of its proximity to the
(moving) surface location of the magnetic
North pole. Aviators in the northern
Canadian airspace have employed triedand-tested procedures for both traditional
radio-navigation beacons and all types of
performance-based navigation (PBN) systems. The country’s air navigation service
provider (ANSP) Nav Canada, working
with the AHRTAG, has almost completed drawing up its concept of operations
(CONOPS) for the switch.
The International Civil Aviation Organization (ICAO) has shown great interest
in Nav Canada’s “Mag2True” work, particularly since Canada presented a white
paper on the subject to ICAO’s 12th
and 13th Air Navigation Conference
(2018), seeking agreement and proposing
adoption by 2030. The conference agreed
further study of Mag2True's cost/benefit
should go ahead—which it has. Canada
also presented a formal Mag2True infomation paper at the High-level Confer-

Canada’s CONOPS
Canada’s draft CONOPS offers a good
indication of how the Mag2True task
might be rolled out. There are three aviation arenas affected: aircraft operations—
which implies inclusion of the airlines
and original equipment manufacturers
(OEM)—aerodromes and, finally, ANSPs. Overseeing this will be the NAAs,
with ICAO keeping an eye on standardization. Questions remain about timing.
Should the switch to True be global and
simultaneously on a single date, or managed regionally, or by hemisphere?
Canada proposes 2030 as a target
transition year, with NAAs, ANSPs, and
nation states triggering the change. If a
target date can be agreed upon, it would
be entered in ICAO’s Aeronautical Information Regulation and Control (AIRAC)
calendar in the normal way for promul-

®

gating changes.
The draft CONOPS proposes a way of
staging the changeover. The map on page
11 depicts the variation plotted with the
Worldwide Magnetic Map for the 2020
EPOCH. The green areas are where
procedures are managed in True today.
The yellow areas designate the places
where existing magnetic declination is
small at ±4 degrees of True North and
the magenta area is ±10 degrees of True
North. Airports within the yellow area
would not need to change their runway
numbering and many airports within the
magenta area would not need to change
either. VOR rotations in the areas of less
than ±10 degrees can typically be handled
electronically without a physical rotation
and newer doppler VORs are fully adjustable via electronic means only.
The publication of data through the
AIRAC process would have to be carefully managed due to the volume of
changes, but the origination of the data
begins with reference to True bearings
and then is converted to magnetic for
publication in areas that use a magnetic
reference.

January 23-26, 2023

Hyatt Regency Long Beach
Long Beach, CA

T
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INSTITUTE OF NAVIGATION

INTERNATIONAL
TECHNICAL MEETING

PRECISE TIME AND TIME
INTERVAL SYSTEMS AND
APPLICATIONS MEETING
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One Registration
Fee, Two Technical
Events and a
Commercial Exhibit
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ION Journal Now Available Open Access

T

he Institute of Navigation (ION) is
pleased to announce that the open
access, online portal for NAVIGATION:
Journal of the Institute of Navigation is now
live at navi.ion.org.
ION has partnered with HighWire Press
to host its new open access, online portal
which provides a sophisticated platform
offering superior search tools, advanced
research capabilities, new citation tools, and
article alerts.
Positioning, navigation, and timing
(PNT) researchers, academicians, and industry can now access free and open research
through NAVIGATION’s new online portal.
Go to navi.ion.org and read, download,
share, and cite papers.
NAVIGATION’s portal will allow for the
rapid dissemination of cutting-edge, highimpact research across the breadth of the
field of positioning, navigation, and timing,
as well as all related areas intersecting with
PNT.
Questions about NAVIGATION? Please
email: membership@ion.org.

®

INSTITUTE OF NAVIGATION

NAVIGATION Adds Three New Associate
Editors
In January, the ION added the following
to NAVIGATION’s editorial board:
Dr. Li-Ta Hsu’s research
interests focus on urban and
indoor navigation and the
localization of autonomous
driving using multi-sensor
integration. He is currently
exploring GNSS collaborative positioning
for intelligent transportation systems in
urban areas. Dr. Hsu is an associate professor in the Department of Aeronautical and
Aviation Engineering (AAE) at The Hong
Kong Polytechnic University. He received
his BS and PhD degrees in aeronautics and
astronautics from National Cheng Kung
University, Taiwan.
Dr. Santiago Perea Diaz’s
research includes GNSS
performance and integrity
with a particular focus on
safety-of-life applications. Dr.
Perea currently works at the
European Space Agency (ESA) as a Galileo
safety-of-life system engineer. He earned

NOW OPEN ACCESS

NAVIGATION

• Increased access
• Increased citations

JOURNAL OF THE INSTITUTE OF NAVIGATION

Read



his PhD in electrical engineering from
RWTH Aachen University, Germany.
He obtained an MS in aerospace
engineering from the University of
Sevilla, Spain, in parallel with an MS
in mechanical and aerospace engineering from the Illinois Institute of Technology. He is ION’s 2019 recipient
of the Bradford Parkinson award for
excellence in global navigation satellite
systems for his doctoral work.
Dr. Fabian Rothmaier’s work focuses
on trustworthy and
accurate navigation.
He remains a passionate pilot and is actively
supporting the development of the
next generation of Galileo. Dr. Rothmaier serves as a navigation research
and development engineer at Airbus
Defence and Space, where he is currently working on navigation integrity
through augmentation and advanced
signal processing. He received his PhD
and MS in aeronautics and astronautics from Stanford University.

Share



Cite  Submit

• Increased impact
• Improved quality of
submissions
• Prioritized electronic
searches (i.e. Google
and Google Scholar)
• PNT research provided
to a worldwide
audience
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ION’s American Association for the Advancement of Science (AAAS)

Congressional Fellow

Dr. Benjamin Ashman
My work as a legislative fellow for Sen. Sherrod Brown (D-OH) is divided between two
portfolios: the first covers NASA and the Ohio
aerospace industry; the second covers labor,
manufacturing, and economic development. I’ll
focus on the first here. In the Winter newsletter,
I surveyed a few of the ways a congressional office advances its policy agenda. This quarter, I’d
like to give specific examples of work I’ve done
since starting the fellowship. The long journey
of the fiscal year 2022 budget is a good way to
frame the last few months.
Fiscal year 2022 (FY22) began the first day
of October 2021, just a few days after I started
working in Brown’s office. President Biden had
submitted his FY22 budget proposal to Congress some months earlier, on May 28. By the
end of August, Congress had passed the necessary budget resolutions to begin the appropriations process. A budget resolution sets the overall ceiling on government spending for the year
(called a 302[a] allocation), and then the Senate
and House Committees on Appropriations
divide this total funding pool among 12 appropriations bills (302[b] allocations), each funding
various departments and activities. NASA, for
example, is funded through the Commerce,
Justice, and Science (CJS) appropriations bill.
In principle, the House passes its appropriations bills, the Senate amends them, and then
differences are resolved in a bicameral conference. In practice, however, both appropriations
ION Newsletter

committees simultaneously develop and
attempt to pass their bills before merging
them. The House passed its CJS bill in
July, but the Senate CJS bill was held up
in deliberations past the start of the fiscal
year (along with other appropriations
bills in both houses). Congress passed
a “Continuing Resolution,” or CR, in
late September to extend FY21 funding
levels until December (the first of four
CRs that would be required). While
the Senate bills remained stalled, Senate
Appropriations Committee Chair Patrick
Leahy released the Democrats’ proposed
text for CJS and a handful of other subcommittee bills on October 18.
I paid close attention to the CJS bills
from both the House and Senate during
the first weeks of my fellowship. In Senator Brown’s office, I joined a small team
responsible for issues related to Glenn
Research Center, a NASA field center
outside Cleveland, Ohio. We reviewed
the work being done at NASA Glenn
and then reviewed both bills, comparing
and contrasting the funding allocated by
the House versus the Senate. We drafted
a letter from Sen. Brown to the “four
corners” (the chairs and ranking members of the House and Senate Appropriations Committees) advocating for the
funding amounts in each bill most supportive of the center’s programs. Several
other members of
the Ohio congressional delegation
cosigned the
letter when it was
sent in February.

Growing the economic impact
of NASA Glenn will require more
than sustaining funding, however.
We arranged calls with more than a
dozen aerospace companies involved
with the center. In mid-November,
I traveled to Ohio and toured the
center’s Armstrong Test Facility in
Sandusky. We coordinated closely
with NASA legislative affairs and
arranged calls with a half-dozen
economic development organizations invested in the center’s success.
Gradually a picture began to emerge
of Glenn’s technical strengths and
areas for potential growth.
It became clear that hypersonics
research, encompassing materials and other technology for flight
above Mach 5, is an important
national priority. Furthermore,
NASA Glenn’s unique facility for
performing this research, the Hypersonic Tunnel Facility (HTF), had
attracted the interest of the Department of Defense (DOD). Congress
had provided DOD funding to take
over and reactivate this mothballed
facility, but lately progress had been
stalled. We set out to determine the
reason.
In early March, our office and
that of Rep. Marcy Kaptur (D-OH),

Legislative Fellow
Dr. Benjamin Ashman sits behind
Sen. Sherrod
Brown (D-OH) during a Finance Committee hearing.
Photo courtesy of Benjamin
Ashman
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whose congressional district includes the
facility, found that the funds provided
to DOD to begin HTF reactivation
required a statement of congressional
intent. But the statement needed to be
included in a funding bill, and in midFebruary the four corners had reached a
framework agreement to finally negotiate
the FY22 appropriations bills. Together,
our offices connected with subject matter
experts and attorneys at DOD to develop
suggested bill language that would resolve
this issue. Rep. Kaptur’s office worked to
have the language included by the House
during conferencing (she is on the appropriations committee) and we rushed
to send the text to Senate appropriations
staff to advocate for its inclusion.
The conferenced text on the appropriations bills (now packaged together in
a single omnibus bill, H.R. 2471) was
released late in the evening on March 9.
Staff spent the following day working to
confirm what made it into the final text,
and we were relieved to find that our text
had been included. The omnibus bill
moved quickly through the gauntlet of

House and Senate votes
and was signed into law
by President Biden on
March 11.
Inclusion of that
bill text is just one step
toward DOD reactivating HTF. As lawyers,
managers, and engineers
proceed with this project,
our team will continue to With the funding and a statement of congressional intent in
work with Rep. Kaptur’s of- place, the Pentagon is closer to reactivating NASA’s HyperTunnel Facility.
fice to keep things on track. sonic
Photo courtesy of NASA
This is only part of our campaign to ensure the facilities and expertise
staffers. This example with budget lanof NASA Glenn are fully employed.
guage and hypersonics research in Ohio
Within a week of the FY22 budget beis just a small part of the work I’ve been
ing finalized, we drafted a letter for Sen.
involved in, and here I’ve left out much of
Brown to send to the NASA administrathe context that drove timing and prioritor advocating for NASA Glenn prior to
ties. If there’s something high profile that
the release of the president’s FY23 budget.
you’ve seen in the news (e.g., Build Back
The entire Ohio congressional delegation
Better efforts, Russia sanctions, a Supreme
signed the letter.
Court nomination), it had an impact on
As ION’s congressional fellow, I’ve
every other thing Congress was trying to
been able to bring my technical experdo. If you want to hear more about my
tise to Sen. Brown’s team while learning
experiences, don’t hesitate to reach out:
about politics and process from the other
ben_ashman@brown.senate.gov.

April 24-28, 2023

2023
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Monterey, CA
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The Antikythera Mechanism
Marvin B. May

S

peckled by the dozens of islands
and islets comprising the Dodecanese Island chain, the waters near the
mountainous cliffs and rocky coves of
the southeastern Aegean and Eastern
Mediterranean are renowned for providing the best conditions for the growth of
fine-quality sponge.
The sponge and its usages are mentioned in the Homeric epics of The Iliad
and The Odyssey, as well as in the writings of the philosopher Aristotle. The
philosopher Plato also refers to sponge
as an article that was commonly used
in bathing, mostly by the rich people.
Sponge diving has been called “the oldest
profession” on the island of Kalymnos.
For several centuries, dating from ancient
Greece until the 20th century, the sponge
industry was, along with boat building
and fishing, a main part of the economy
for the Dodecanese islands, especially
Symi and Kalymnos.
In the spring of 1900, two sponge fishing boats from the island of Symi came to
anchor off the east coast of Antikythera,
a small island near Crete at the crossroads
of the Mediterranean and Aegean Seas.
Waiting for calmer seas before proceeding to their intended fishing grounds, the
sponge divers decided to dive along the
island’s coast. One of the divers happened
upon a shipwreck at depths reported between 42 and 50 meters, and he brought
to the surface from that wreck an arm
from a bronze statue.
That fall, the captain of the sponge
boat told Greek officials about what
they’d discovered. The navy dispatched
two ships to support recovery efforts,
which lasted until 1902. The art, jewelry,
coins, and glassware unearthed during the
excavation included three life-size marble
horses, a seven-foot-tall colossus statue
of Herakles (or Hercules), according to
ION Newsletter

mensions demonstrating a mechanical and
an article by the Woods Hole Oceanometallurgical sophistication comparable
graphic Institution (WHOI), which
to that first implemented in Europe in the
has taken part in some of the recovery
14th century AD.
efforts. Treasures from the Antikythera
Advanced x-ray computer-aided towreck, which include a strikingly
mography and computer modeling have
individualistic bronze head of an older
enabled scientists to create a working
man dubbed the Antikythera philosomodel of the Antikythera Mechanism. The
pher, now reside in Greece’s National
largest gearwheel is approximately thirteen
Archaeological Museum in Athens.
centimeters in diameter and originally had
The cargo suggests the wreck happened
223 teeth.
circa 60–50 BC and is speculated to be
On the front face of the mechanism,
a Greek trading cargo vessel destined to
there is a fixed ring dial representing the
Carthage.
“The most surprising discovery, however,” WHOI wrote,
“was an unassuming lump of
bronze later discovered to be a
complex set of interlocking gears
capable of predicting the movement of the Sun, Moon, and the
then-known five planets, as well
as the timing of solar and lunar
eclipses years into the future.”
The mysterious contraption,
now called the Antikythera
Mechanism, may be the world’s
oldest analog computer. Its multifunctional design included an
astrological calendar and a planner for major events including recomputer model of the cosmos display shows
ligious rituals, the early Olympic A
the dome of the Earth, the phase of the Moon, and
games, and agricultural activities. its position in the Zodiac—then rings for Mercury,
Archaeologists postulate that the Venus, true Sun, Mars, Jupiter, Saturn, and Date,
with “little sphere” markers and smaller markers for
instrument was designed and
oppositions. Model by University College London
Antikythera Research Team.
constructed by Greek scientists
Photo courtesy of Professor Tony Freeth. ©2020 Tony Freeth, Images First Ltd.
and has been variously dated to
ecliptic, the 12 zodiacal signs marked off
about 87 BC, or between 150 and 100
with equal 30-degree arcs, the months
BC, or to 205 BC, or to within a genand days of the Sothic Egyptian caleration before the shipwreck. Given this
endar, 12 months of 30 days plus five
timeframe, it has been speculated that
intercalary days. The months are marked
Archimedes (287-212 BC), the Greek
with the Egyptian names for the months
mathematician, physicist, engineer,
transcribed into the Greek alphabet. This
astronomer, and inventor, as well as the
matched with the Babylonian custom of
2nd century BC astronomer Hipparassigning one-twelfth of the ecliptic to
chus of Rhodes, influenced its design.
each zodiac sign equally, even though the
Now split into 82 fragments, only a
constellation boundaries were variable.
third of the original survives, including
Outside that dial is another ring which is
30 corroded bronze gearwheels. These
rotatable, marked off with the Egyptian
gearwheels have tenth of millimeter di16
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calendar ring to match the
current zodiac points. The
Egyptian calendar ignored
leap days, so it advanced
through a full zodiac sign
in about 120 years. A hand
crank (not yet recovered)
spun the gears which
moved the hands on the
dials. In this way, the user
could predict eclipses and
the passage of celestial
bodies through the sky.
The University College London Antikythera
Research Team recently
revealed a new display of
the ancient Greek order
of the Universe (Cosmos),
An exploded view of the display of the ancient Greek order of the Universe (Cosmos), within a complex gearing system at the front of the mechanism. Model by University College London Antikythera
within a complex gearing
Research Team.
system at the front of the
Photo courtesy of Professor Tony Freeth. ©2020 Tony Freeth, Images First Ltd.
Mechanism.
to the island to help with underpopulaand submersible navigation techniques
“Ours is the first model that conforms
tion. Residents on the island are mostly
including a pressurized exosuit, which
to all the physical evidence and matches
looking to welcome more Greek citizens,
enabled a single occupant to work on the
the descriptions in the scientific inscripbut anyone chosen to be part of the
seafloor while remaining at sea-surface air
tions engraved on the Mechanism itself ”
program will be given land, a house, and
pressure.
said lead author Professor Tony Freeth.
a monthly stipend of about $565 for
Armed with these innovations, teams
“The Sun, Moon, and planets are disthe first three years. Sponge fishing is no
led by WHOI marine archaeologist Brenplayed in an impressive tour-de-force of
longer a viable occupation as the waters
dan Foley and Theotokis Theodoulou
ancient Greek brilliance.”
around the island are no longer suitable.
from the Greek Ephorate of Underwater
The Antikythera shipwreck has atInterested ION members should first
Antiquities returned to Antikythera in
tracted interest from researchers in the
contact the Historian.
2012, and again in 2014, to survey and
fields of archaeology, astronomy, metalMarvin B. May is a Professor Emeritus
explore the ship and nearby seafloor. The
lurgy, mathematics, and antiquity. In
of navigation at Pennsylvania State Unidivers used rebreathers to extend their
1976, Jacques-Yves Cousteau and the
versity. His emails are: mayven4@comcast.
time on the bottom and reduce the need
CALYPSO crew returned to the wreck
net or mbm16@psu.edu.
for decompression stops on the way back
and recovered 300 more objects, as well
Among the websites visited during the
to the surface. This increased the safety
as human skeletal remains. By the early
writing
of this article were:
of the divers and the surface support
21st century, the site remained only
https://greekcitytimes.com/2020/02/19/
personnel, WHOI wrote in a release on
partially explored because of its location
museum-in-athens-proves-ancient-greecethe expedition. The area is known for its
and the shape of the seafloor on which
was-similar-to-todays-modern-world/?amp
sudden storms and the divers could be
it rests. The wreck is too deep for scuba
https://greekcitytimes.com/2022/01/14/
recalled to the surface quickly if condidivers, yet too shallow for a human-occuantikythera-mechanism/
tions degraded.
pied submersible or a remotely operated
https://www.whoi.edu
Most researchers agree that the Antivehicle (ROV), which both require a
www.thearchaeologist.org/blog
kythera Shipwreck, which is still awaiting
large ship and deep, open water for safety
https://www.asme.org
further exploration, has provided some of
and maneuverability. The site is also near
The Antikythera Mechanism Episode 1 the most important insights into ancient
steep underwater cliffs, and the wreck
Greeks, Clocks and Rockets. - YouTube
civilization.
Antikythera mechanism working model.
lies at an angle that makes it hard for an
mov
- YouTube
Post-script: The island paradise of
autonomous underwater vehicle (AUV)
https://www.ucl.ac.uk/news/2021/
Antikythera has an estimated population
to survey with sonar.
mar/experts-recreate-mechanical-cosmosof 20 residents. The Greek Orthodox
To further exploration of the site,
worlds-first-computer.
Church has sponsored families to move
WHOI developed specialized equipment
Spring 2022
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In Pursuit of PNT Assurance
Civil and Military User Equipment Standards Initiatives
There are two distinct, but
separate, efforts underway by the
civil and military communities
to establish a means of assuring
positioning, navigation, and timing (PNT) capabilities to meet
the diverse set of requirements for
domestic critical infrastructure
and military utility.
Although both efforts are focused on the development of standards for PNT user equipment
(UE), each is taking a different
approach to development activity
and are at different places on the
path to completion.

Doug Taggart

President
Overlook
Systems
Technologies, Inc.

ION Newsletter

The IEEE Operations Center in
Piscataway,
NJ. IEEE is the
nexus for the
development of
PNT user equipment standards
focused on critical infrastructure needs.
Photo courtesy of IEEE

September 15, 2021, and conducted virtually using Microsoft
Teams by working group Chair Shelby Savage (The MITRE
Corporation), Vice Chair Steve Guendert (IBM), and Secretary
Patricia Larkoski (The MITRE Corporation).
All attendees (55+) provided their names and affiliations and
indicated their intention to participate either as voting or nonvoting members.
Every meeting is announced with an agenda and followed
with formal meeting minutes which are approved and maintained in IEEE’s iMeet Center, a secure database that is username and password-protected with log-in credentials assigned
individually to each member.
Progress to date includes the development of an outline of
the future standard, and the establishment of two active subgroups—the Use Case Subgroup and the Resilience Definition
Subgroup.
The tempo of meetings occurring since the start of 2022 has
the two subgroups and the plenary working group meetings occurring on a three-week rotating cycle.
The Use Case Subgroup is focused on addressing four of the
critical infrastructure sectors (e.g., telecom, energy, transportation, and finance).
The Resilience Definition Subgroup is wrestling with the
definition of “user equipment,” the various levels of what constitutes resilience, and how UE can withstand and recover across a
finite set of resilience levels.
Future subcommittees that have been identified but have not
as yet been formed include a Level-Definition Subcommittee,
an Editing Subcommittee, and an Evaluation Subcommittee.
This latter subcommittee will be responsible for developing the
principles to guide a downstream IEEE-required Conformity
Assessment Program (ICAP). The ICAP’s mission will be to

DHS and IEEE P1952
In ION’s Fall 2021 newsletter, I wrote
about the Department of Homeland
Security’s (DHS) initiative to develop
PNT user equipment (UE) standards
focused on critical infrastructure needs
for PNT beyond just GPS. This civilfocused DHS effort, which is being
pursued through the Institute of Electrical and Electronics Engineers Standards
Association (IEEE SA), is called Project
1952 (P1952).1
As defined in the P1952 Project Authorization Request (PAR), the scope of
work is limited to the reception, ingestion, processing, handling, and output
of PNT data, information, and signals.
The PAR specifically does not include
standards relating to the characteristics
of any PNT sources.
The stakeholders for P1952 include
“manufacturers of PNT UE, public and
private sector users of PNT UE, and
providers of PNT services focused on
critical infrastructure. These include
power generation and utility, telecommunications, finance, transportation, agriculture, space, and emergency services
sectors.” 2
The first meeting was held on
18
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develop and implement programs that
couple the PNT UE standards development activities with conformity assessment efforts to help accelerate market
adoption while reducing implementation costs.
Six months into the P1952 effort,
the work ahead to generate a set of draft
standards cannot as yet be predicted,
but the meetings of the two subgroups
and the plenary continues to have 50+
attendees.
DOD and MOSA
The DOD wants to implement a
multi-source PNT architecture so that
each service can tailor combinations of
PNT capability for applications in diverse platforms and mission areas. Their
approach to doing this is presented in
the DOD CIO’s Strategy for the Department of Defense Positioning, Navigation,
and Timing Enterprise. This overarching
PNT strategy document is dated November 2018 and was cleared for open
publication in August 2019.3
The strategy incorporates a flexible,
open-system architecture approach to
delivering multi-source PNT capabilities
using common input/output standards
that interface with various military
platform data
busses to enable
flexible, multisource PNT
operations.
This strategy
embraces the
DOD’s Modular Open Systems Approach
(MOSA)
concept that
was mandated
by the National
Defense Authorization Act for
Fiscal Year 2017
(P.L. 114-328
2017). MOSA
is further required by DOD
Instruction
Spring 2022

4650.08, the DOD issuance for PNT
and Navigation Warfare (NAVWAR)
policy.
A foundational component of the
standards enabling the DOD PNT
MOSA strategy is a DARPA-developed
software program referred to as All Source
Positioning and Navigation (ASPN).
A presentation on ASPN was briefed to
the National Space-Based PNT Advisory Board in June of 2019.4 The ASPN
standard has evolved since its introduction as a DARPA initiative and the latest
version, ASPN 3.0, was published in May
2021. The ASPN standard works with
other essential enablers of the DOD PNT
MOSA concept including a reference
architecture, modeling and simulation
tools, and a flexible PNT fusion processor
employing variable plug-in module capabilities. These key elements are products
of the Laboratory University Collaboration Initiatives sponsored by the Office
of the Under Secretary of Defense for
Research & Engineering (OUSD [R&E])
over the last several years.
In January 2022, the OUSD (R&E)
held a follow-up Open Architecture Collaborative Initiative meeting to engage the
DOD user community and industry in
further evolving the ASPN 3.0 standard

toward ASPN 3.1.
Restating a point made in the Fall
2021 article, the development and pursuit of standards has many benefits. From
the perspective of equipment design,
standards serve as fundamental building
blocks that contribute to compatibility
and interoperability, reduce risk, and
speed development. Standards also make
it easier to understand and compare
competing products. Additionally, they
are often used as references in procurement contracts to baseline a product’s
requirements and measure the degree of
conformance.
Success for both of these distinct and
different PNT UE standard initiatives
will ultimately be measured by their
respective abilities to satisfy the PNT
requirements of the systems, platforms,
and missions they are being designed to
serve.
Footnotes
1. https://sagroups.ieee.org/p1952/
2. https://development.standards.
ieee.org/myproject-web/public/view.
html#pardetail/9060
3. https://rntfnd.org/wp-content/uploads/DOD-PNT-Strategy.pdf
4. https://www.gps.gov/governance/advisory/meetings/2019-06/burke.pdf

CORRECTION
This chart detailing the rise in the
number of objects
in Earth orbit, including space debris, should have
been included
with the Defense
Matters column
in the Winter
2022 issue of the
ION newsletter.
/ Chart courtesy
of NASA’s Orbital
Debris Program
Office.
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his cakes are in great demand among his
friends.
“They always ask,” he said, with a smile
in his voice. “Unfortunately, I get only so
much free time.”

Dr. Fabio
Dovis

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
Dee Ann Divis.

D

r. Fabio Dovis is one of those lucky
people who never had to leave
college. Now a full professor in the
Department of Electronics and Telecommunications at the Politecnico di
Torino in Torino, Italy, and the head
of the Navigation, Signal Analysis, and
Simulation Group, he is working at the
same engineering school where he began
his classes, got his masters and doctorate
degrees, and then became a researcher.
That’s not to suggest he doesn’t leave
campus. Fabio loves to travel and has
touched down in many corners of the
world for both work and pleasure. He’s
spent time in Hawaii and other places in
the United States where, he said, “there is
always something new to see.” He’s flown
ION Newsletter

“down under” to Australia, toured portions of Africa (he’d like to return there),
and visited Vietnam as part of his school’s
collaboration with the Technical University of Hanoi.
Vietnam, where it’s possible to monitor
the ionosphere for GNSS, “was something fabulous,” he said, and is, so far,
his favorite place to visit. “I was surprised
because I was not expecting such a beautiful, natural landscape.”
When in Torino, Fabio’s favorite hobby
is to hike in the Alps, which are nearby.
“Sometimes I go biking,” he said,
“sometimes I just go hiking. And reaching the top of the mountains; it’s great
when you’re able to do that.”
All that exercise is good because Fabio’s
other hobby is cooking.
“Maybe because I'm Italian; I like
food,” he told ION.
While he likes to cook in general, he
discovered that he was particularly talented at baking cakes. “It’s something that I
think is close to engineering in some ways
because you have to be very precise. I like
it; it’s fun for me.”
The word has gotten out, he said, and
20

How did you first get interested in
GNSS work?
After my PhD, during which I worked
on satellite communication, I had a
post-doc grant funded within a European
Project managed by my university to
work on the definition of applications
of high-altitude platforms (HAPs)—
long endurance, solar-powered, and
unmanned airplanes. Just few months
before, the European Parliament had just
decided to go for a “European GNSS,”
what is now Galileo, so together with
another young colleague, we said; “Why
not use that as a part of a satellite navigation system?” We then started to study
GPS, figuring out possible uses of HAPs
as augmentations to GNSS. Our supervisor let us jump into this topic that then
became the backbone of my scientific
career.
Where did you go to school and what
did you study?
I got an MSc degree in electronics engineering in 1996. The great experience I
had preparing my MSc thesis convinced
me to go for a PhD in electronics and
communications engineering, which I
got in 2000. Afterward, I remained at
Politecnico as a researcher and now a
professor. Even if I never had a change,
I’ve been lucky to be in a university that
offered to me, as a student and then as
a researcher, a stimulating and dynamic
environment.
Tell me about your GNSS-related work
from your first GNSS-related job to
now.
After the work on the use of HAPs,
given my background in signal processing and communications, focusing on
GNSS receiver design was a straightforward choice. The great interest arising at
that time around Galileo offered plenty
of opportunities for research on signal
Spring 2022
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design and receivers.
Furthermore, such
a framework also
offered chances for
funding the research
activities and hiring
people. Soon, the
pool of people working on GNSS in our
Department of Electronics and Telecommunications started
to grow and became
Technical Reprethe Navigation,
sentative Dr. Fabio
Dovis’ favorite
Signal Analysis, and
hobby is hiking in
Simulation Group
the Alps near his
(NavSAS); that is
home in Torino,
Italy. He also loves
the team that I am
to travel and to
now coordinating.
cook, including
Our team was one baking cakes,
which he says reof the first, nonquires a precision
institutional teams
akin to that found
able to receive the
in engineering.
Photos courtesy of Fabio
Galileo signal when
Dovis
they started broadcasting or to do a PVT (position, velocity, and precise time) solution when four
satellites became available thanks to
the software receiver that we developed.
Over the years, I’ve been personally
working on advanced signal processing
or integration of GNSS receivers and
other sensors; and anti-jamming and
anti-spoofing techniques have been
one of the core topics of my research.
However, my professional growth
wouldn’t have been possible without the
creation and management of a research
group, that today is formed by the PhD
students and researchers at Politecnico
and by staff of the LINKS foundation,
where many of my post-docs are now
working. GNSS is a topic touching so
many diverse scientific aspects that it
needs a critical mass of motivated and
skilled people to investigate it properly
(and we still don’t cover all of them…).
What do you consider to be some of
the most important current research,
education, policy, or technical topics
in GNSS for the next year?
Spring 2022

For sure, there is still the need to raise
awareness on what GNSS is from a technical point of view but also for the application
developers—about what can be expected
from it. We are still probably biased from
what we see in the movies, where GNSS
works anytime and anywhere. That is fine
in the movies, but problematic when we use
GNSS for critical applications. We need to
raise interest also among the students, since
in my experience I still see a lot of GNSSrelated job offers that struggle to find
the right candidates with a proper GNSS
background. As far as research is concerned,
I see an urgency, given also the international
context that might put GNSS systems at
threat, in increasing the reliability of positioning and navigation systems. I also find it
very exciting—all the work to extend GNSS
use to the Space Service Volume.
How did you first get involved with ION?
When I started work on GNSS, the ION
GNSS+ conference was one of the most
important places to be. Since 2002, I’ve attended either the ITM or ION GNSS+ (or
both) every year, even if, unfortunately, in a
21

virtual way in the last few years.
What areas of ION have you been
involved in so far and in what areas
might you like to participate in the
future?
I’ve served as session chair in many
conferences, and in ION GNSS+
2022, I have the great pleasure to be a
research track chair. I’ve been part, also,
of the SDR ION metadata working
group, and I would enjoy being part of
other similar initiatives or to serve for
the editorial activities.
What part of your participation in
ION have you most enjoyed?
Participation in ION has been
fundamental for my research for two
reasons: it opened the door to meet
the international GNSS community,
stimulating my entire research activity.
And, on the other hand, it allowed me
to disseminate my work to the right audience. I’ve really missed the in-person
participation in the ION conferences
during this pandemic outbreak.
ION Newsletter
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the University of Colorado. He was an ION American Association for the Advancement of Science (AAAS) Congressional
Science & Technology Fellow in 2005. His personal military
decorations include the Legion of Merit, the Meritorious Service
Medal, and the Navy Commendation Medal.

Former ION AAAS Congressional Fellow Named as Assistant
Secretary of Defense for Space
Policy
Dr. John F. Plumb was confirmed in March 2022 as the first
Assistant Secretary of Defense for
Space Policy. In this role, he is
responsible for the overall supervision of policy for the Department
of Defense for space warfighting.
His policy portfolio encompasses
the Department’s strategic capabilities for integrated deterrence: space, nuclear weapons, cyber,
missile defense, electromagnetic warfare, and countering weapons of mass destruction. He also serves as the Principal Cyber
Advisor to the Secretary of Defense.
Dr. Plumb has served in various national security roles both
in and out of uniform for nearly three decades, including as an
active-duty US Navy officer, roles in the Senate, the Pentagon,
and on the National Security Council staff at the White House.
Prior to his confirmation, he worked for the Rand Corporation
and, later, The Aerospace Corporation.
He holds a BS in Physics from the University of Notre Dame,
and an MS in Physics and PhD in Aerospace Engineering from
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NOAA Federal Advisory Committee Seeks Volunteers
The NOAA Office of Coast Survey is seeking volunteers to
be nominated to the NOAA Federal Advisory Committee—the
Hydrographic Services Review Panel (HSRP) for the 2022 and
2023 year. Candidates are sought to represent broad voices
and experts-such as those using NOAA data, products and
services, the ports, shipping and the boating community, and
a wide variety of other areas including PNT. The HSRP is
focused broadly on navigation, observations, and positioning
services such as surveys, navigation, charts, tides and currents,
sea levels, lidar, datums, precise positioning, and more, including
the underlying data needed for climate change adaptation and
resilience.
Interested parties should contact Lynne Mersfelder-Lewis,
Program Manager, Hydrographic Services Review Panel,
Federal Advisory Committee, Office of Coast Survey, National
Ocean Service, NOAA, N/CS, Email: Lynne.Mersfelder@
noaa.gov. HSRP recommendations and issue papers to NOAA
can be found at: https://www.nauticalcharts.noaa.gov/hsrp/
recommendations.html.
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ATACNAV

ADVANCED TACTICAL NAVIGATOR
A combat-proven, Alt-PNT solution demonstrated in
denied environments providing mission assurance

COMPLETE THE MISSION
AUTOMATIC SYSTEM REDUNDANCY – CONTINUOUSLY OPTIMIZING
NAVIGATION ACCURACY FROM A SUITE OF POSITIONING TECHNOLOGIES

M-code
TRL 9, combat proven GPS solution

Best in Class IMU
High accuracy, low drift INS with
flexible alternatives

Full Spectrum/Jam Resistant GNSS
Unique defense software utilizing
complete GNSS spectrum

LEO SATCOM Position Tracking
Alternate frequency band using
high powered satellite constellations

Vision Based Navigation
Provides position in full RF
denied environments

SEAMLESS INTEGRATION

SMALL, FLEXIBLE, AND RUGGED

Update and future proof legacy
navigation systems to meet
emerging threats

ATACNAV Micro; Designed for
small UAVs and munitions

Simulated GPS signal –
Plug and play
Common and customizable
digital interfaces to emulate
existing I/O

Configurable and modular
solutions to meet unique
application requirements

Since 1993 ASEI has been ensuring that our customers complete their missions. From integrating next level GPS/INS technology into
munitions to continuing to pace threats in theater on multiple weapon platforms and launchers with the US Army and USSOCOM, we
drive innovation. Providing tactical integrated navigation solutions, custom engineering services and testing at our facilities in Florida
and Arizona, ASEI stands ready to support you in completing your mission.

(850) 729-7550
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1496 HICKORY STREET
NICEVILLE, FL 32578

SALES@ASEIFL.COM
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News from Systems Around the World
FCC and NTIA Launch Spectrum
Coordination Initiative
The top leaders of the two agencies managing how the U.S. uses radio
frequencies met in Washington, DC, on
March 29 as part of a new effort to help
commercial and government stakeholders align their handling of the nation’s
airwaves.
The meeting was part of the Spectrum
Coordination Initiative, an endeavor
launched after, and perhaps prompted
by, a decade-long battle over repurposing, for terrestrial telecommunications,
frequencies near those used by GNSS.
The Federal Communications Commission (FCC) dismissed intense opposition
by federal agencies and approved the
proposal in 2020. The spectrum needs
of those agencies are coordinated by the
National Telecommunications and Information Administration (NTIA). With
that issue still effectively unsettled, and
other new spectrum battles likely, the two
agencies agreed to the initiative to help
reset their relationship.
The March gathering was the first of
now-monthly formal spectrum planning meetings—an effort beyond the
organizations’ current Memorandum
of Understanding (MOU), which only
mandates they meet twice a calendar year.
That nearly 20-year-old MOU is set to
be updated and the two agencies are to
collaborate to help develop a national
spectrum strategy. The FCC and NTIA
will also cooperatively develop processes
for spectrum engineering compatibility
analysis including setting accepted technical standards, interference protection
criteria, propagation models, and other
characteristics. Finally, each agency will
send staff members to the other’s advisory
groups. That is already in the works with
both agencies having appointed their
representatives.
FCC Poised to Launch Inquiry into
Receiver Standards
During the March 29 meeting, FCC
Chair Jessica Rosenworcel and Assistant
ION Newsletter

Secretary of Commerce Alan Davidson
discussed the FCC’s upcoming Notice of
Inquiry (NOI) on receiver standards.
A fact sheet released along with the
tentative schedule for the April FCC
meeting said that the “NOI would take a
fresh look at the role of receiver performance in the Commission’s spectrum
management responsibilities, with the
goal of facilitating new opportunities for
use of our nation’s spectrum resources.”
“While the Commission has long
relied on rules establishing particular
transmitter requirements to promote
spectrum efficiency and more intensive
use, receiver performance also can significantly affect the Commission’s ability
to introduce new services in the same or
nearby frequencies. In particular, receivers
without sufficient interference immunity
performance can diminish opportunities
for innovative spectrum uses that drive
economic growth, competition, security,
and innovation. They can put constraints
on what is possible in the evolving wireless world.”
The 50-page document mentioned
questions on issues like designing receivers to resist out-of-band interference.
The FCC is also looking for feedback on
whether its authority to regulate interference from consumer-facing electronic
devices in the home can be extended to
receivers used in commercial applications, such as on airplanes, commercial
delivery trucks, or tractors on industrialscale farms. “Can consumer-facing
devices used outside of the home, such as
GPS devices used as navigation aids, be
regulated under this authority?” the paper
asked.
Report: EU Must Invest in GNSS to Stay
Competitive
A new report says that to maintain its
place in the market and continue to rely
on domestic suppliers Europe—at both
the private and public level—will need
to invest up to €42 billion in the next
10 years to stay competitive in the global
24

landscape of GNSS downstream products and services linked to navigation
satellites.
That market is expected to see revenues
reach €220 billion in 2022 and up to
€510 billion by 2032, said the assessment, which was released in March by
the EU Agency for the Space Programme
(EUSPA) and the European Investment
Bank (EIB)
The GNSS Investment Report 2021
found that while several European companies are global leaders in their sectors,
European firms “hold low shares in such
fast-growing sectors as consumer solutions and drones,” according to an EIB
press release. “This, along with increased,
across-the-board competition from the
downstream GNSS market, could chip
away at Europe’s market share and future
competitiveness.”
European GNSS-specific R&D expenditure is also lagging behind NorthAmerican and Asian-Pacific companies,
EUSPA and EIB found. Catching up
would require the EU to invest between
€34.1 and €42.7 billion in GNSS R&D
over the next 10 years.
The EU also lagged behind other
global actors in terms of the amount of
private funding invested into space startups between 2015 and 2020. The US accounted for 67% of all private investment
in 2020, the release said.
“Navigation satellite applications and
services are strategic assets. They provide
the future foundations for a competitive
European transport and agriculture sector
and help to address climate change risks,”
said EIB Vice-President Kris Peeters.
“European companies need to be at the
forefront of these technologies. If we
don’t want to depend on foreign Big Tech
to meet our demands, we need to address
funding gaps for space in the EU. As a
cornerstone investor in Europe’s innovation ecosystem, the EIB stands ready,
together with our partners, to mobilize
the private and public resources we need
to remain competitive.”
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China Underscores
Integration in Its Plans for
Space
A new paper from
China’s State Council
Information Office underscores the country’s plans
to integrate its commercial
efforts, federal plans, and
international goals to help
the country’s space program
leap ahead both technically and competitively. The
wide-ranging report China's
Space Program: A 2021
Perspective lays out five-year
goals that mesh remoteA depiction of the SJ-21 / Compass (BeiDou) G2 docking operational test in December 2021
sensing and communicaGraphic courtesy of COMSPOC
tions with navigation satellite
technologies.
As part of this approach, China intends
New Applications
Space Debris
to research “navigation-communications
In terms of applications, including
China sparked international concern in
integration, low-orbit augmentation,
PNT applications, the State Council
January 2007 when it used a kinetic antiand other key technologies for the next
said China hopes to seize on ‘‘the opsatellite weapon to blow to bits one of its
generation BeiDou Navigation Satelportunities presented by the expansion
own weather satellites. The demonstration
lite System.” It will also develop “a more
of the digital industry and the digital
raised alarms about China’s capabilities
extensive, more integrated, and smarter
transformation of traditional industries to
and intentions and the thousands of bits
national positioning, navigation, and timpromote the application and transfer of
of debris left littering the space lanes still
ing (PNT) system.”
space technology.”
pose issues in Earth’s increasingly crowded
Exactly what does China hope to
China hopes to build on sales of over
orbits.
tackle? Under the section on satellite navi100 million BeiDou-compatible chips to
China is now pursuing the developgation, the paper lists:
realize “the industrialized operation” of
ment of space debris cleaning technology
• Upgrading spatial information serthe BeiDou system.
as part of its five-year plan. They want to
vices featuring extensive connection,
To help with this and other space goals,
improve China’s space debris monitoring
precise timing and positioning, and
China intends to develop new business
system, cataloging database, and early
all-dimension sensoring;
plans. In fact, China will encourage comwarning services. They also want to con• Developing satellites for geostationmercialization by expanding the governduct in-orbit maintenance of spacecraft,
ary microwave monitoring, new-type
ment procurement of space products
collision avoidance, and control, and
ocean color observation, carbon
and services. It will also grant relevant
space debris mitigation.
monitoring of the territorial ecosysenterprises access and sharing rights to
In that context, the disposal of another
tem, and atmospheric environmental
major scientific research facilities and
Chinese satellite this January is particumonitoring;
equipment, and support these enterprises
larly interesting.
• Developing dual-antenna, X-band inin joining the R&D of major engineering
On January 22, China used its Shiterferometric synthetic aperture radar
projects. It will also establish a negative
jian-21 satellite (SJ-21) to transport a
(InSAR), land water resources, and
list for market access to space activities, to
defunct BeiDou G2 satellite to a higher
other satellite technology, for efficient,
ensure fair competition, and the orderly
graveyard orbit. Leading up to that operacomprehensive Earth observation and
entry and exit of participating enterprises.
tion was a docking operational test (see
data acquisition across the globe;
But commercial operations are not the
graphic).
• Building a satellite communications
The ability to rendezvous with, and
overarching goal. China’s space industry is
network with high and low orbit
then move, the satellite was new for Chisubject to, and serves, the overall national
coordination, testing new communa but it should not have been surprising.
strategy, the State Council said.
nications satellites for commercial
Xinhua, the state news agency reported
The country is taking a “holistic apapplication, and building a secondwhen it was launched that SJ-21 would
proach in building its space industry,”
generation data relay satellite system;
be used to “test and verify space debris
the paper said, and will mobilize and
• Continuing to improve the ground
mitigation technologies.”
guide “different sectors to take part in
systems for remote-sensing, commuand contribute to” the space industry, and
nications, and navigation satellites.
coordinate all relevant activities under an
overall plan.
Spring 2022

25

ION Newsletter

UKRAINE WAR

continued from page 1
navigation equipment.
Finnair has been experiencing GPS signal disruptions
near Russia's Kaliningrad
enclave which lies south of
Finland, between Poland and
Lithuania. Aircraft flying near
Finland's eastern border with
Russia have also reported
Ukraine has
signal problems, the website
recruited an
Simple Flying reported.
“IT Army”
The surge in disruptions,
to target
GLONASS
whose source has not been
and other
pinpointed, was also reportRussian
edly impacting mapping
infrastructure for
software, pet trackers, and
cyberattacks.
GNSS-equipped watches.
Photo courtesy of
Pixabay
"GPS jamming has the
potential to impact equipment well beyond Europe," said Dr. Todd
Humphreys, an expert on GPS jamming
at the University of Texas at Austin.
Humphreys told the audience of a February 7 ION webinar that Earth-based GPS
jamming had the potential to impact
satellites in orbit.
“So, what's going on here,” Humphreys said in an interview, “is that the
satellites in LEO (low Earth orbit) are
listening to GPS satellites above them,
right? But if there is a jamming source on
the ground, then it can make its way into
their antennas, even though it's coming
from below, and drown out the desired
signals from the satellites above them.”
Hackers Target GLONASS
While some were experiencing signal
disruptions, the Ukrainians were reportedly recruiting thousands of volunteer
computer experts to target their cyber
skills at a host of Russian infrastructures,
including the Russian GLONASS system.
The Ukrainian government in Kyiv
reached out to cybersecurity experts and
its underground hacker community, asking them to help Ukraine by spying on
Russian troops and helping protect the
country’s critical infrastructure, Reuters
reported.
Ukraine’s Vice Prime Minister Mykhailo Fedorov said in late February that the
ION Newsletter

government was forming an “IT army,”
Reuters reported.
“There will be tasks for everyone,” he
wrote in a tweet that linked to a channel on the Telegram messaging app. By
March 4, there were more than 280,000
subscribers to a Telegram channel called
the “IT Army of Ukraine,” wrote the Wall
Street Journal.
Working with the government to support the effort was Yegor Aushev, who
co-founded Cyber Unit Technologies, a
cybersecurity company in Kyiv. He told
Reuters he wrote the initial post at the
request of a senior Defense Ministry official. Aushev's firm is known for working with Ukraine's government on the
defense of critical infrastructure. Those
with the right kind of skills were asked
to apply via Google docs, “listing their
specialties, such as malware development,
and professional references,” Reuters
reported. Aushev told Reuters he would
vet the applicants to prevent infiltration
by Russian agents.
Pro-Ukrainian hackers claimed in
early March to have shut down the
satellite control center of Roscosmos,
Russia’s civilian space agency. The head
of Roscosmos, Director General Dmitry
Rogozin, denied his agency had been
hacked adding, according to the Russian
news agency Interfax, that “offlining the
26

satellites of any country” would be “a
cause for war.”
GLONASS-Related Petition Gains
Ground
Meanwhile, support was continuing
to build for a petition asking the International Laser Ranging Service (ILRS) to
stop providing data for the GLONASS
constellation.
The petition, posted on change.org. by
Daniel Kucharski, had well over 34,000
signatures by the end of March.
“In the time of Russian aggression
against Ukraine, when heavy international sanctions are in place, we call on ILRS
to stop supporting GLONASS navigation
satellites because they are a part of Russia’s military machine,” Kucharski wrote
on change.org.
Kucharski is a space scientist with 18
years of expertise in satellite laser ranging
and has been a member of the ILRS since
2005. He is also a co-chair of the ILRS
Space Debris Study Group and a research
associate at the University of Texas at
Austin, Oden Institute for Computational Engineering and Sciences. He stressed,
however, that he was not acting as a
representative of any organization.
Satellite laser ranging can collect range
measurements between the ground syscontinued on next page
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Calendar of Upcoming Events
Corporate
Profile
UHU Technologies
www.uhutechnologies.com

UHU Technologies was
founded in 2013 by senior
executives and engineers
formerly with Eclipse
Electronic Systems, now BAE
Systems.
UHU Technologies brings
many years of corporate
experience in designing
and production of software
defined SIGINT receiver
technology to the PNT
solution space. UHU focuses
primarily on the NAVWAR
applications and specializes
in situational awareness
and provides precision DF
solutions for location of
jammers as well as Emerging
Threats (ET's) as well as
Complex Emerging Threats
(CETS). Our systems are
interfaced with MEMS INU's
to allow operation in mobile
or airborne applications.
UHU's products include the
TRL9 maturity NORTHSTAR
4-channel system, designed
for High Value Infrastructure
protection such as Power
Grid or Container/ Airport
applications, and the TRL8
UHU1000 which is a 7-channel
military CRPA system which
provides PNT solutions under
high levels of J/S.
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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MAY 2022
6-9: 13th China Satellite Navigation
Conference (CSNC) 2022,
Beijing, China
Contact: CSNC
Web: http://english.aircas.
ac.cn/ne/events/202109/
t20210903_282415.html
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 (adjacent to
Colorado Convention Center),
Denver, Colorado
Contact: ION
Web: ion.org

JANUARY 2023
23-26: ION International Technical Meeting (ITM)
& ION Precise Time and Time Interval (PTTI)
Meeting 2023, Hyatt Regency Long Beach,
Long Beach, California
Contact: ION
Web: ion.org
APRIL 2023
24-27: ION/IEEE Position Location and
Navigation Symposium (PLANS) 2023, Hyatt
Regency Monterey, Monterey, California
Contact: ION
ion.org
JUNE 2023
ION Joint Navigation Conference (JNC)
2023, Town and Country Hotel, San Diego,
California
Contact: ION
Web: ion.org

12-15:

continued from previous page
tem and the satellites to millimeter-accuracy
levels, he said. Collecting such measurements
over a long period of time, and over long arcs
of orbits, enables scientists to calculate the
orbits of the satellites with very high accuracy.
“The satellites, themselves, they don't know
where they are until you tell them,” said
Kucharski. It's necessary to measure their motion, calculate their orbits, and then upload
that information to the satellite system so the
satellite can predict its location at any given
time, he said.
“Satellite laser ranging is the most accurate
technology to measure orbits of the satellites
and the orbits are needed for GNSS satellite
systems to function,” Kucharski told ION.
If GLONASS loses its access to laser ranging data,“the system will have to rely on radar
measurements—microwave measurements,”
said Kucharski. This will decrease the system’s
accuracy.
So cutting laser ranging support will not
stop GLONASS from functioning, explained
Kucharski, “but it will make it less accurate
in general—so it will be a little bit painful for
the Russians.”
The idea has already taken hold in some
quarters. On March 3, the Eurolas Data Center, which is operated by the Technical Uni27

versity of Munich, said it would immediately stop providing satellite laser ranging
observations to GLONASS satellites.
NASA, which also distributes the data,
directed a query on the subject to the
International Association of Geodesy
(IAG). ILRS is one of IAG’s space geodetic services.
IAG did not respond to a request for
comment.
In a statement posted on its website
on March 3, IAG said it and its services
strongly condemned the unprovoked
and premeditated Russian invasion of
Ukraine.
The group said it aligned itself with the
Intentional Science Council, though, and
emphasized the importance of maintaining a politically neutral forum. “Our
capacity to work collaboratively on global
challenges, and on cutting-edge research
such as Arctic and space research, is only
equal to our capacity to maintain strong
collaboration amidst geopolitical turmoil.
Ultimately the isolation and exclusion
of important scientific communities is
detrimental to all.”
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