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Nav @ Challenge.gov

ion gnss+ 2018 in review

PNT Helps Meet New Venue, New Ideas
Government’s
Challenges

E

ngineers, entrepreneurs, and private
citizens — among others — often
find working with government to be,
well, challenging.
For the last few years, the U.S. General
Services Administration (GSA) has been
trying to make that into a good thing —

The DARPA Subterranean or
“SubT” Challenge, offering
$3 million in prizes, “seeks
novel approaches to rapidly
map, navigate, and search
underground environments
during time-sensitive combat
operations or disaster response
scenarios.”

T

he Institute broke new ground —
literally and figuratively — at ION
GNSS+ 2018, this year’s iteration of the
Satellite Division’s annual international
technical meeting and exhibition.
For the first time ever, the ION staged
the event in Miami, Florida, drawing
more than 1,000 navigation experts,
engineers, public officials, exhibitors, and
students to the cultural, economic, and
financial center in the far southeast of the
United States. There they found the latest
advances in GNSS and related navigation
technology and innovations in application techniques.
These offerings took the form of
tutorials, complimentary short courses,
an exhibition of commercial products
and GNSS-related organizations, awards
ceremonies, and technical sessions
featuring hundreds of peer-reviewed
paper presentations and panel discussions. Registered attendees broke

as in, “It’s not an obstacle; it’s a challenge.” And thus, government.gov, the
official hub for federal prize competitions
— “what we like to call ‘challenges,’” as
the website puts it — was born.
CHALLENGE continued on page 20
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Participants in the ION GNSS+ 2018 panel
discussion, Status of GPS, Galileo, BDS, and
QZSS: (from left) Mr. Luke Schaub, Division

Chief, GPS Control Segment, Space and
Missile Systems Center, Los Angeles
AFB, USAF; Mr. Paul Verhoef, Director of
Navigation, European Space Agency; Mr. Eric
Chatre, Head of Sector, Service Provision
and Exploitation, EU Satellite Navigation
Programs, European Commission; Dr.
Jun Shen, Deputy Director, International
Cooperation Center, China Satellite
Navigation Office; Dr. Takeyasu Sakai,
Principal Researcher, Electronic Navigation
Research Institute National Institute of
Maritime, Port and Aviation Technology, Japan

almost evenly between U.S. and foreign
participants.
“We are entering the era of GNSS+
for all,” said Dr. Frank van Diggelen, the
ION GNSS+ 2018 general chair. “All
the considerations are at or very near full
operational capability; dual frequency
and precise spreading codes are available, free, for civilian use; raw measurements, including carrier phase, can be
ION GNSS+ 2018 continued on page 4
•
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President's column | DR. JOHN RAQUET

ION GNSS+ 2018

M

ore than 1,000 of the world’s technical GNSS
experts and policy makers gathered in Miami,
Florida, last month to take part in ION GNSS+ — a
week of technical presentations and an exhibit hall
showcasing GNSS technologies, products, and services.
At each ION GNSS+ annual conference, I personally look forward to the opportunity to reacquaint
myself with many long-standing colleagues, and meet
those entering the industry. This year, I also had the
opportunity to teach a free tutorial on Monday afternoon — the second year that the ION GNSS+ conference has offered this short course program — and
had positive feedback from those who participated
in the various courses offered. We received excellent
feedback on the quality of the papers and interaction
of the various panel sessions, as well.

ION’s Satellite Division Executive Committee responsible for hosting the
ION GNSS+ 2018 event: (from left) Dr. Chris Hegarty, Dr. Sanjeev Gunawardena, Dr. John Raquet, Dr. Frank van Diggelen, Sandy Kennedy, and Dr.
José-Ángel Ávila-Rodríguez. (Not pictured: Dr. John Betz and Dr. Jiyun Lee.)
Dr. John Raquet,
ION president,
thanking Dr. Frank
van Diggelen for his
service as Satellite
Division Chair. Dr.
van Diggelen will
continue to serve
on the Satellite
Division Executive
Committee for an
additional two years
as the Immediate
Past Chair.

Follow us on
Facebook and Twitter
at ionavigation.
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I would like to
thank all of the Satellite Division officers
who tirelessly contributed to ION GNSS+
2018, as well as the
event’s sponsors, media
participants, course
instructors, exhibitors,
authors, session chairs,
peer reviewers, and
those who attended and actively participated over the
course of the week. Special recognition this year goes
to Dr. Frank van Diggelen, who has served for the
past two years as ION’s Satellite Division Chair.
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The Satellite Division’s new officers took office at
the conclusion of ION GNSS+ (see page 18 for election results), but it was a pleasure to be able to personally recognize Frank for his efforts these past two
years, with a presentation customized for him — and
delivered by UAV! For those of you who missed this
year’s ION GNSS+ festivities, you can view photos
on the ION’s Facebook page. The fourth Women in
Positioning, Navigation and Timing (PNT) gathering
also took place at this year’s ION GNSS+. For details
of that event, see article on page 4.
Council and Committees Meet During ION GNSS+
The ION Council and ION Executive Committee
met and transacted ION business while in Miami.
The Council adopted an updated Fellow Selection Procedures document that seeks to emphasize
overall impact/contributions to the PNT community
and society, and increased the ION membership
requirement from five years to ten years for Fellow
qualification.
The Council was briefed on the status of the Software Defined Radio Metadata Standard (see page 15
for details). Additional topics of discussion included
the means and methods to involve new participants
in ION leadership, and general ION membership
outreach. Additionally, the ION Executive Committee met and approved the 2017–18 fiscal year audited
financial statement and reviewed the status of investments and the reserve fund.
ITM/PTTI 2019
I look forward to seeing all of you in Reston, Virginia
from January 28-31 for the co-located 2019 International Technical Meeting (ITM) and Precise Time and
Time Interval (PTTI) Systems and Applications Meetings. The ION’s 2018 Annual Awards will be presented
and the 2019 ION Fellows will be named during these
events. See <www.ion.org> for the full ITM/PTTI
technical programs and registration information.
Cognizant Autonomous Systems for Safety Critical
Applications Conference
Finally, I am pleased to report that following the
success of the January 2018 Cognizant Autonomous
Systems for Safety Critical Applications (CASSCA)
Workshop, Council approved a motion to expand
the one-day workshop into a two-day conference in
January 2019.
Fall 2018

Dr. Robert Leishman of the Air Force
Institute of Technology (AFIT), and Prof.
Zak Kassas, University of California,
Irvine, will be organizing the technical
program, which will discuss the opportunities and challenges (technical, commercial, ethical, and legal) associated with
developing fully autonomous systems that
are cognizant and trustworthy for safetycritical applications.
The two-day conference will feature
invited experts and leaders from government, industry and academia, and will be
held January 28–29, 2019, in parallel with
ITM/PTTI at the Hyatt Regency Reston,
Reston, Virginia. I hope to see you there!
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Founded in 1945, The Institute of Navigation is the world’s premier non-profit
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ION’s

Cognizant Autonomous Systems
FOR Safety Critical Applications
(CASSCA) Conference
The conference will discuss the opportunities and
challenges (technical, commercial, ethical, and legal)
associated with developing fully autonomous systems that
are cognizant and trustworthy for safety critical applications.
Technical Program Organizers:

• General Chair: Prof. Zak Kassas, University of California, Irvine
• Program Chair: Dr. Robert Leishman, Air Force Institute of Technology

www.ion.org/cassca
CASSCA19-HalfHoriz.indd 1

Fall 2018
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ION GNSS+ Recap continued

from page 1
pulled from smartphones; and emergency
services can now access the most accurate
location available on your phone, indoors
and out.”
“GNSS has come almost full circle,”
Dr. van Diggelen added, “from a time
when we had only a partial GPS constellation and surveyors would work in the
middle of the night so they could get
enough satellite coverage for centimeter
accurate location from carrier phase. We
are now entering an era where cell phones
have dual-frequency GNSS, and RTK
on your phone is imminent. But GNSS
is far from the only topic, with sensor,

WiFi, and visual navigation [also at] ION
GNSS+.”
Plenary Session: Emergency Location
and Lidar
The availability of ever-more-accurate,
multi-technology navigation and
positioning on mobile phones gained
a higher visibility in the Tuesday night
plenary session.
Cell phones are helping save lives
with their robust location accuracy during emergencies, but they can get even
better, Google’s Steve Malkos told his
audience. Malkos, the Technical Program
Manager in the Android Location and

Context Group at Google, gave one of
two keynotes to a packed ballroom of
attendees. Paul LaRocque of Teledyne
Optech gave the other speech on Tuesday, titled “A Lidar History: From Ship
to Air to Space.”
Malkos shared news of the recent announcement that Emergency Location
Service in Android, which is designed to
deliver more accurate location to emergency services when an emergency call is
detected, is now available in the United
States through Google partnerships with
RapidSOS and T-Mobile. (An article
in the Winter 2018 issue of the ION
Newsletter addressing positioning accu-

WOMEN IN PNT

I

ON hosted the fourth Women in Positioning, Navigation
and Timing (PNT) event, in conjunction with the ION
GNSS+ technical meeting. The ION’s Women in PNT is
a voluntary networking initiative designed to support and
engage women who are in the early stages of their PNT
careers.

At this year’s event, Dr. Dorota Grejner-Brzezinska hosted in
interactive discussion on work-life balance.
Thank you to Spirent Federal Systems, Harris, Syntony GNSS
and the Munich Satellite Navigation Summit for supporting this
initiative, to all the remarkable women that participated on the
panel, and to the interactive and insightful audience members.

Women in PNT
Panel Members:
Dr. Dorota GrejnerBrzezinska, Tara
Solorzano, Dr.
Nicole Nieto,
Antje Tucci and
Dr. Seebany
Datta-Barua.

Panel member
Antje Tucci
responds to
an audience
question.

ION Newsletter
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ION GNSS+ 2018
Miami, Florida

Over 1,000 attendees
from all over
the world!

racy concerns with enhanced 911 services
described the rollout of the Google ELS
solution by mobile telephone network
operators in the United Kingdom and
elsewhere.)
“I want to challenge all of you to do
more with location,” said Malkos, who
demonstrated some location tests conducted the week of ION GNSS+ in cooperation with the Miami Police DepartFall 2018

ment, employing 911 calls made from the
Hyatt Regency where the conference was
being held.
He explained how Fused Location
Provider technology in Android phones
can augment GPS and provide a critical positioning solution indoors. “It
just works. The user doesn’t have to do
anything,” he said.
The presentation included success sto5

ries in different parts of the world where
ELS’ accuracy helped save lives. Malkos
also addressed challenges that include
sensor quality, privacy, low power requirements, estimating floor numbers in
buildings, and even odd situations such as
buildings in the U.S. that don’t include a
13th floor.
In his closing remarks, Malkos thanked
the ION attendees for helping advance
ION Newsletter

ion gnss+ 2018 RECAP

location-based solutions and added: “You
are driving us toward this future.”
For his part, LaRocque, the president
of Special Projects at Teledyne Optech,
described the long and evolving history of
laser radar systems that has seen improved
performance and the development of
much smaller and lighter equipment.
Recent developments include such
applications as airborne lidar surveying of
powerlines and 3D imaging. LaRocque
said Optech offers advanced space lidar
systems for planetary exploration and
orbital operations and the company’s
space-proven lidar systems have been
deployed on notable space missions and
used on the surface of Mars.
Volunteer Luncheon: On Safari
Each year the ION staff puts together a
program for the annual Volunteer Ap-

Thank You, ION GNSS+ Program Committee!

ION GNSS+ 2018 Program Committee Recognized: Dr. Chris Hegarty, Plenary Session Chair; Dr.

Seebany Datta-Barua, Track Chair; Dr. Jihye Park, Track Chair; Dr. Sanjeev Gunawardena, Track Chair; Dr. Jason Rife, Program Co-chair; Ms. Sandy Kennedy, Program
Co-chair; Dr. José-Ángel Ávila-Rodríguez, Track Chair; Mr. Manuel Toledo Lopez, Track
Chair; Dr. Mohammed Khider, Track Chair; and Dr. Frank van Diggelen, General Chair.
(Not Pictured: Ms. Patricia Doherty, Tutorials Chair.)

2018 Kepler Award
T

he has pioneered the advancement of monitoring networks,
characterization of new navigation signals, GNSS performance
assessment, and multi-GNSS processing.
Within the International GNSS Service (IGS) Dr. Montenbruck
chairs the Multi-GNSS Working Group and coordinates the
performance of the Multi-GNSS Project (MGEX). He pioneered
the expansion of global monitoring networks for new and
modernized GNSS — initiating the Cooperative Network for
GNSS Observation (CONGO), which has been a primary source
of information for early assessment of Galileo, BeiDou, and GPS
L2C and L5 signals. His leadership and research have contributed to
a thorough understanding of new GNSS constellations, enabled the
full exploitation of new signals, advanced satellite technology, and
made multi-GNSS available to a wider community.
Dr. Montenbruck is an active ION member and a past member
of the ION Council. He serves on the IGS’ Governing Board and
key working groups. Dr. Montenbruck is widely recognized for his
frequently cited textbooks, approximately 100 publications in peerreviewed journals, and more than 250 conference papers as well as
the Springer Handbook of Global Navigation Satellite Systems, which
he coedited and authored/co-authored. He is a previous recipient
of the ION’s Tycho Brahe Award, the DLR Senior Scientist Award,
and the GPS World Leadership Award.
Dr. Montenbruck received his Ph.D. in 1991 and a Habilitation
degree in 2006 from the Technical University of Munich. He has
supervised more than 25 master and a dozen Ph.D. theses, and
served on defense committees at several international universities.
As a visiting scientist, he conducted joint research projects at various
international institutions, including the University of Texas at
Austin, the European Space Agency, and the University of Bern.

he Institute of Navigation’s
(ION) Satellite Division
presented Dr. Oliver
Montenbruck with its Johannes
Kepler Award during the ION
GNSS+ 2018 conference for his
“pioneering contributions to GPS
for navigation of space vehicles,
the advancement of multi-GNSS
understanding and tracking
networks to support scientific
and societal benefit.”
Dr. Montenbruck heads
the GNSS Technology and
Dr. Oliver Montenbruck
Navigation Group at DLR’s
German Space Operations Center and is an affiliated professor for
GNSS at the Technical University of Munich. His research activities
have been devoted to spaceborne GNSS applications, where he
made outstanding contributions in the fields of receiver technology,
autonomous navigation systems, spacecraft formation flying, and
precise orbit determination (POD). These range from development of
the first meter-level autonomous navigation system for micro-satellites
based on Kalman-filtered GPS observations to detailed modeling
of user spacecraft antenna phase center variations, non-gravitational
forces, and ambiguity-fixing techniques that enable GNSS-based
POD precision to the one-centimeter level in support of space
geodesy.
His unique expertise in the field has resulted in numerous
consultancy tasks for national and European space industry
and agencies. Focusing on the new satellite navigation systems,
ION Newsletter
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preciation Luncheon as part of the ION
GNSS+ conference to honor the many
ION members and leaders who make the
event possible. In planning the luncheon,
the staff looks for a little local color to
highlight the event.
The special guest at the luncheon this
year, cosponsored by Inside GNSS magazine, was Desiree Dou from My Reptile
Guys, a Miami area company that “brings
the thrill of a safari” to the comfort of
homes, schools, and events.
Dou educated the attendees on the
Everglades National Park and on her role
in working with the many threatened
and endangered species and plants in the
Everglades. Dou entertained the crowd
with a variety of animals. Among the
special guests were a small crocodile, a
large Burmese python snake, and a black
and white Argentine tegu lizard named
Elliott.

Thank You, Exhibitors!

Our generous exhibitors contribute to the
success of our conferences. Please show your support.

Stan Goff,
Inside GNSS
managing
editor, with
an "animal
guest" at ION
Volunteer
Appreciation
Luncheon.

The animal guests were made available
for photo opportunities with volunteers.
Other special events taking place during ION GNSS+ 2018 included “Truths
and Myths of Work-Life Balance,” an
interactive discussion moderated by Dr.
Nicole Nieto, Program Manager, Gender
Initiatives in STEM, at The Ohio State
University; the 58th Meeting of the
Civil GPS Service Interface Committee,
an exhibitor-hosted reception, and the
Johannes Kepler and Bradford W. Parkinson Awards Luncheon.
Further details of the week’s activities
can be found in this issue of The ION
Newsletter.
Fall 2018
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ION GNSS+ 2018 Best Presentation Awards
Session A1: Navigation in Urban
Environments

Collaborative GNSS Positioning with the Aids
of 3D City Model: Guahao Zhang, Weisong

Wen, and Li-Ta Hsu, The Hong Kong Polytechnic
University, Hong Kong

Session C1: Autonomous and Assisted Vehicle
Applications
Collaborative Ground Vehicle Navigation Utilizing
an IMM Radar Tracking Algorithm: Joseph

Selikoff and David M. Bevly, Auburn
University GPS and Vehicle Dynamics Laboratory

Session D1: GNSS Augmentation Systems and
Integrity
Parameter Selection for the TESLA Keychain:

Andrew Neish, Todd Walter, Per Enge,
Stanford University

Session E1: Remote Sensing, Timing, and
Clock Technology

Characterization and Mitigation of Interference
between GNSS Radio Occultation and
Reflectometry Signals for Low Altitude
Occultations: Ian Collett, Y. Jade Morton, and

Brian Breitsch, University of Colorado Boulder

Session F1: GNSS Signal Processing in
Degraded Environments 1

Determination of Pseudorange Error Models and
Multipath Characterization under Signal-Degraded
Scenarios: Daniel Medina, German Aerospace

Center (DLR), Germany; Kasia Gibson, DLR,

STUDENT PAPER AWARDS The Satellite Division awarded 10 students with ION GNSS+ 2018
Student Paper Awards. Recognized industry and academic experts selected the winners, who included: (from left) Shaohua Chen, University of Calgary, Canada; John
Aggrey, York University, Canada; Han Gao, University College London, UK; Ya-Tzu Chen,
National Cheng Kung University, Taiwan; Yun-Tzu Kuo, National Cheng Kung University,
Taiwan; Xin Li, Wuhan University, China; Sun Young Kim, Seoul National University,
South Korea; Benjamin Southwell, University of New South Wales, Australia; Zhen Wu,
Tsinghua University, China; Fabricio dos Santos Prol, Universidade Estadual Paulista,
Brazil

Germany & Northeastern University, USA; Ralf
Ziebold, DLR, Germany; Pau Closas, Northeastern
University, USA

Session G1: Next Generation RF, Antenna
and Digital Signal Processing Receiver
Techniques

Performance of GNSS Beamforming Algorithms
using Distributed Sub-arrays in Automotive
Applications: Marius Brachvogel, Michael

Niestroj, Soeren Zorn, RWTH Aachen
University, Germany; Michael Meurer, RWTH
Aachen University & German Aerospace Center
(DLR), Germany; Syed N. Hasnain, Ralf
Stephan, Matthias A. Hein, Technische
Universitaet Ilmenau, Germany

Session A2: Applications of Raw GNSS
Measurements from Smartphones 1

Positioning with Single and Dual Frequency
Smartphones Running Android 7 or Later: René
2018 Peer Reviewers Recognized with Bouquets
of Red Pencils: Five ION members were

recognized as individuals who demonstrated outstanding contributions to
the Institute this past year in their role
as peer reviewers who selflessly provided quality and timely reviews when
called upon to do so. Pictured from
left, Dr. Samer Khanafseh, Dr. Chris
Bartone, Dr. Paul Groves, Dr. Chun
Yang, and Dr. Zak Kassas. (Note that
by the time the photograph was taken,
Dr. Yang had already distributed his
pencils to colleagues with encouragement for them to lend their support to
ION’s peer review efforts and thus he
proudly displays his single pencil.)

ION Newsletter

Warnant, Laura Van De Vyvere, University
of Liege-Geodesy and GNSS, Belgium; Quentin
Warnant, Augmenteo, Plaine Image, France

Session B2: Future Trends of Satellite
Navigation

On the Impact of Inter-satellite Links and Ultrastable Clocks within Future GNSS Constellations
on Geodetic Parameters: Susanne Glaser,

Grzegorz Michalak, Michael Murboeck,
Kyriakos Balidakis, Rolf Koenig, Galina
Dick, Maximilian Semmling, Maorong
Ge, GFZ German Research Centre for Geosciences,
Germany; Jens Wickert, Frank Flechtner,
Harald Schuh, GFZ German Research Centre
for Geosciences, & Technische Universitaet Berlin,
Germany
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Session C2: Aerospace Applications

From Shipboard Landing to Aerial Refueling:
Autonomous Relative Navigation: Shahram

Moafipoor, Lydia Bock, Jeffrey A. Fayman,
Geodetics Inc.

Session E2: Alternative PNT and Interference
Detection

Interference and Spoofing Detection for GNSS
Maritime Applications using Direction of Arrival
and Conformal Antenna Array: E. Pérez Marcos,

German Aerospace Center (DLR) & RWTH Aachen
University, Germany; A. Konovaltsev, S.
Caizzone, DLR, Germany; M. Cuntz, DLR &
RWTH Aachen University, Germany; K. Yinusa, W.
Elmarissi, DLR, Germany; M. Meurer, DLR &
RWTH Aachen University, Germany

Session F2: GNSS Signal Processing in
Degraded Environments 2

Authentication by Polarization: A Powerful
Antispoofing Method: Wim De Wilde, Jean-

Marie Sleewaegen, Bruno Bougard, Gert
Cuypers, Septentrio, Belgium; Alexander
Popugaev, Markus Landman, Christopher
Schirmer; Fraunhofer IIS, Germany; Daniel
Egea-Roca, José A. López-Salcedo,
Gonzalo Seco-Granados, Universitat Autònoma
de Barcelona, Spain

Session G2: Atmospheric Science and Space
Applications

Investigation into the Space Weather Event of
September 2017 through GNSS Raw Samples
Processing: Nicola Linty, Alex Minetto, Fabio

Dovis, Politecnico di Torino, Italy; Vincenzo
Romano, Ingrid Hunstad, Istituto Nazionale di
Geofisica e Vulcanologia (INGV), Italy

Fall 2018
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Session A3: Applications of Raw GNSS
Measurements from Smartphones 2

The Bradford W. Parkinson Award
Dr. Yu Jiao from Colorado State University
received the 2018 Bradford W. Parkinson
Award for her thesis, “Low-Latitude Ionospheric
Scintillation Signal Simulation, Characterization
and Detection on GPS Signals.”
Awarded annually to an outstanding graduate
student in the field of Global Navigation
Satellite Systems (GNSS), the award honors
Dr. Parkinson for his leadership in establishing
both the U.S. Global Positioning System and the
Satellite Division of the ION. The award
includes a personalized plaque and a $2,500
honorarium.

FLAMINGO – Fulfilling Enhanced Location
Accuracy in the Mass-market through Initial
Galileo Services: William Roberts, Joshua

Critchley-Marrows, Marco Fortunato, Maria
Ivanovici, NSL, UK; Karel Callewaert, Thiago
Tavares, VVA Brussels, Belgium; Laurent Arzel,
Axelle Pomies, Telespazio France SAS, France

Session B3: Regional and Global Integrity
Solutions

A Fully Flexible Methodology for GNSS Receiver
Performance Assessment Under Ionospheric
Scintillation: Juan M. Parro, Rui Sarnadas,

Paolo Crosta, Juan de Mateo, and
Raul Orus, European Space Agency (ESA), The
Netherlands

Session C3: Marine Applications
Study of EGNOS V3 Maritime Safety Service:

G. Cueto-Felgueroso, A. Cezón and G.
Moreno, GMV, Spain; A. Grant and G. Shaw,
General Lighthouse Authorities of the United Kingdom
and Ireland; K. Callewaert, T. Tavares, VVA
Brussels, Belgium; S. Porfili, J. Ostolaza, GSA;
K.A. Aarmo, EC

Session D3: Connected and Collaborative
Autonomy

Centimeter-Accurate UAV Navigation with Cellular
Signals: Joe Khalife, Kimia Shamaei,

Souradeep Bhattacharya, and Zaher M.
Kassas, University of California, Riverside

Session E3: Vision, Lidar, and Inertial
Technologies for GNSS-Denied Navigation
Modeling and Understanding LiDAR Data for
Absolute and Relative Positioning: Daniela E.

Sánchez, Harvey C. Gómez, and Thomas
Pany, ISTA, Germany

Session B4: The Navigation of Satellites

Satellite Geometry and Attitude Mode of MEO
Satellites of BDS-3 Developed by SECM: Lin Xia,

China Academy of Sciences Institute of Optoelectronics
/ University of Chinese Academy of Sciences (UCAS)
/ Shanghai Engineering Center for Microsatellites,
China; Lin Baojun, China Academy of Sciences
Institute of Optoelectronics / UCAS, Shanghai
Engineering Center for Microsatellites / ShanghaiTech
University, China; Liu Yingchun, Shanghai
Engineering Center for Microsatellites, China; Xiong
Sujie, Bai Tao, China Academy of Sciences Institute
of Optoelectronics & Shanghai Engineering Center for
Microsatellites, China

Session C4: Precise Point Positioning (PPP)
and L-band Services
Design and Evaluation of Integrity Algorithms
for PPP in Kinematic Applications: Kazuma

Gunning, Juan Blanch, Todd Walter, Stanford
University; Lance de Groot, Laura Norman,
Hexagon Positioning Intelligence, Canada

Session D4: Robust Autonomy Innovations for
Robotic Vehicles

Distributed Multi-GNSS Timing and Localization for

Fall 2018

Nanosatellites: Vincent Giralo and Simone

D’Amico, Stanford University

Basile, Terry Moore, Chris Hill, University of
Nottingham, UK; Gary McGraw, Rockwell Collins

Session E4: Aided GNSS in Challenging
Environments

Session B6a: Current and Emerging Policies
Impacting PNT Equipment and Users

Integrity for GPS/LiDAR Fusion Utilizing a RAIM
Framework: Ashwin Vivek Kanhere and

Grace Xingxin Gao, University of Illinois at
Urbana-Champaign

Session F4: GNSS Receiver Processing and
Navigation Algorithms 1

Huber’s Non-linearity for Robust Transformed
Domain GNSS Signal Processing: Daniele Borio,

European Commission, Joint Research Centre (JRC),
Italy; Haoqing Li, Pau Closas, Northeastern
University

Session A5: GNSS Chipset Manufacturer
Showcase
Android GNSS Measurements Inside the BCM47755:

Steven Shade and Premal H. Madhani,
Broadcom

Session B5: Spectrum: Protection and
Optimization
Interference Mapping Using Received Power: Paul
Alves, and Michael Himmelfarb, NovAtel
Inc., Canada

Session C5: Land Based Applications

Embedded GNSS-receiver for Multi-Constellation
Localization in Railway Applications: Jiaying

Lin, Jan-Jöran Gehrt, Thomas Konrad,
Michael Breuer, Dirk Abel, René Zweigel,
RWTH Aachen University, Germany

Session D5: Advanced Integrity Algorithms for
Safe Autonomous Operation
Impact of Sample Correlation on SISRE Overbound
for ARAIM: Santiago Perea, Airbus Defence

& Space GmbH, and RWTH Aachen University,
Germany; Michael Meurer, RWTH Aachen
University & German Aerospace Center (DLR),
Germany; Boris Pervan, Illinois Institute of
Technology

Session F5: High Precision GNSS Positioning 1
Performance Analysis of Triple Carrier Ambiguity
Resolution in Precise Point Positioning with
Smoothed Ionosphere Corrections: Francesco
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Standardization of GNSS Threat Reporting and
Receiver Testing Through International Knowledge
Exchange, Experimentation and Exploitation
[STRIKE3]: Results of Long Term Monitoring and
Testing: Michael Pattinson, M. Dumville,

D. Fryganiotis, NSL, UK; M. Z. H. Bhuiyan,
S. Thombre, G. Ferrara, Finnish Geospatial
Research Institute, National Land Survey of Finland,
Finland; M. Alexandersson, E. Axell, P.
Eliardsson, FOI; M. Pölöskey, AGIT mbH;
V. Manikundalam, GNSS Labs; S. Lee, ETRI; J.
Reyes Gonzalez, GSA

Session B6b: GNSS+ Augmentations for High
Performance and Safety Critical Applications

GNSS/INS Fusion for Automotive with Mass Market
Sensors: Ryan Dixon, Michael Bobye, Brett

Kruger, and Anil Sinha, NovAtel Inc., Canada

Session D6: UAV Navigation Technology and
Algorithms
Tightly-Coupled Inertial Navigation System Using
LEO Satellite Signals: Joshua Morales, Joe

Khalife, Ali Abdallah, Christian Ardito, and
Zak (Zaher) M. Kassas, University of California,
Riverside

Session E6: Navigation in Urban Environments
Behaviour-Aided Environment Detection for Context
Adaptive Navigation: Han Gao, University College

London (UCL), UK

Session F6: High Precision GNSS Positioning 2
GNSS Yaw-Attitude Estimation: Results for QZSS
Block-II Satellites Using Single- or TripleFrequency Signals from Two Antennas: André

Hauschild, German Aerospace Center (DLR),
German Space Operations Center (GSOC), Germany

Session G6: GNSS Receiver Processing and
Navigation Algorithms 2
Carrier Phase Tracking Considerations for
Commodity SDR Hardware: Cillian O’Driscoll

and James T. Curran, Independent Consultants,
Ireland
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ION Technical Representative Spotlight

2. What is your favorite aspect of being a member of ION?
My favorite part of ION is being part of a community
that addresses the latest and most pressing issues surrounding
positioning, navigation, and timing.
3. What type of GNSS work do you do currently or have
you done in the past?
I mainly conduct academic work in the area of sensor
fusion in GNSS-contested environments, but I’ve been
fortunate enough to work on some exciting applications that
really reflect the “global” nature of GNSS. The challenges of
secure and trusted PNT are numerous, and my collaborators,
students, and I are trying to develop innovative solutions.
4. What do you consider some of the most important
current research, education, policy, or technical topics
in GNSS for the next year?
“Integrity, integrity, integrity!” which becomes even more
important in systems with integrated PNT solutions. I am
interested in helping create PNT certifications and standards
for mass-market safety and liability critical applications. As we
get to ubiquitous PNT solutions in applications such as autonomous vehicles, these standards will be critically important
to ensure safety as well as to assign liability if something goes
wrong (although I hope it doesn’t!).

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

D

r. Allison Kealy is a professor in geospatial science at
RMIT University, Melbourne, Australia. She holds a
Ph.D. in satellite navigation from the University of Newcastle upon Tyne, U.K., and a B.Sc. in land surveying from
the University of the West Indies, Trinidad.
During our chat, she stated that her interests are twofold:
(1) ensuring secure, trusted, and ubiquitous PNT, and (2)
educating the next generation of navigation and timing
professionals. But outside of the office, her passion is travel.
Allison’s most recent trip was to Sri Lanka for two weeks for
holiday, but she has also recently visited the Aitutaki, Cook
Islands; Exmouth, Istanbul, and India.
Her interest in travel started during her upbringing and
education in Trinidad. Allison also enjoys the theater and
spending time with her children Aidan and Anja.

6. If you were not in
your current field,
what would you want Dr. Kealy was interviewed about
3D printing on YouTube
to do for a living?
While it would be a tough job, I would love to own a specialist tea emporium with cats lounging everywhere.

1. How did you first get involved with The ION?
I first became involved with ION as a speaker and then as
session chair a long time ago.
ION Newsletter

5. What areas of ION have you been involved in, and what
areas do you hope to see grow in the future?
I’ve helped out in a number of roles. Besides my current role as a Technical Representative, I’ve also served on
the Satellite Division’s
publications committee
and am currently the
Division’s Asia-Pacific
representative. I hope to
grow ION’s outreach into
developing countries and
to transfer our knowledge of PNT to those
regions. It would be great
to expand the breadth of
our community’s training and mentorship
internationally.
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From the ION Historian, Marvin May

The Greatest Ever

Nominations for a Navigation Hall of Fame

Marvin B. May

I

Baroque era painting by Genoese
painter Bernard
Strozzi of Eratosthenes teaching in
Alexandria, now in
Montreal Museum
of Fine Arts.
Wikimedia Commons
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t makes little sense to try to rate the greatest alltime of anything. Consider, for example, comparing artists Michelangelo and Picasso, basketball players George Mikan and Lebron James, or scientists
Archimedes and Einstein. Different cultures, tools,
educational resources, food, shelter — all the basics
of life, make comparisons meaningless.
Nevertheless, I have succumbed to an irresistible
temptation to create a Navigation Hall of Fame.
It’s not easy to decide on the criteria that should
be used in compiling this list. For example, nomination to The Baseball Hall of Fame in Cooperstown,
New York, always seems to be riddled with controversy despite the fact that the criteria are relatively
simple and quantitative: how many base hits, home
runs, batting titles, or pitching victories have been
achieved?
The Navigation Hall of Fame isn’t as clear cut.
(This is some consolation to the Historian, whose
selections, with
no quantitative or qualitative guidelines,
can face little
controversy.)
All of my
nominees have
appeared previously in articles
in this column.
Specific issues in
which they appeared are cited
after their names
with a brief paragraph noting their contributions.
I have limited the list to 10 nominees who did
their work at least 50 years or more in the past.
ERATOSTHENES (276-194 B.C., 2001 summer issue, ION
Newsletter)

“This Greek mathematician, geographer, poet, astronomer, and music theorist became the chief
librarian at the Library of Alexandria, the most
famous library of classical antiquity. He invented
the discipline of geography, including the terminol11

ogy used today. He is best known for being the first
person to calculate the circumference of the Earth,
which he did by comparing altitudes of the mid-day
sun at two places a known North-South distance
apart. His calculation was remarkably accurate. He
was also the first to calculate the tilt of the Earth’s
axis (again with remarkable accuracy). Additionally,
he may have accurately calculated the distance from
the Earth to the Sun and invented the leap day. He
created the first map of the world, incorporating parallels and meridians based on the available geographic knowledge of his era.” (from Wikipedia entry on
Eratosthenes)
PTOLEMY (100-70 A.D., 2015 summer issue)
Claudius Ptolemy was a Greco-Roman mathematician, astronomer, geographer, and astrologer. The
earliest, and perhaps most important, of Ptolemy’s work that has survived is the Almagest, a treatise
in 13 books. It gives in detail the mathematical
theory of the motions of the Sun, Moon, and planets. Ptolemy made his most original contribution
by presenting details for the motions of each of the
planets.
In his other major work, the Geography, Ptolemy
devised and provided instructions on how to create
maps of the Roman provinces and the whole inhabited world. Ptolemy was well aware that he knew
about only a quarter of the globe, and an erroneous
extension of China southward suggests his sources
did not reach all the way to the Pacific Ocean.
COPERNICUS (1473- 1543 A.D., 2016 winter issue)
“Nicolaus Copernicus was a Renaissance-era mathematician and astronomer who formulated a model of the universe that placed the Sun rather than the
Earth at the center of the universe. . . . The publication of Copernicus’ model in his book De revolutionibus orbium coelestium (On the Revolutions of the
Celestial Spheres), just before his death in 1543, was
a major event in the history of science, triggering
the Copernican Revolution and making an important contribution to the Scientific Revolution.”
Copernicus was born and died in Royal Prussia, a region that had been part of the Kingdom of
ION Newsletter
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Poland since 1466. A polyglot and polymath, he obtained a doctorate in canon
law and was also a mathematician, astronomer, physician, classics
scholar, translator, governor, diplomat,
and economist." (from Wikipedia entry
on Copernicus.)

tion. This caused great excitement at the
time, and a special delegation was sent to
the Pope to explain the oddity to him.
PIRI REIS (1465-1553 A.D., Summer 2018)
Ahmed Muhiddin Piri, better known
as Piri Reis, an Ottoman admiral, navi-

Magellan’s carrack
Victoria, pictured here
on a 1590 map by
Ortelius, was the first
to circumnavigate the
globe. In 1522, she
returned to Spain,
battered and taking
on water, but with a
load of spices that
were worth more
than the cost of the
entire original fleet.
Wikimedia Commons

MAGELLAN (1480-1521 A.D., 2013 fall issue)
Ferdinand Magellan was a Portuguese explorer who organized the Spanish expedition to the East Indies from 1519 to
1522, resulting in the first circumnavigation of the Earth and the first to navigate
the strait in South America connecting
the Atlantic and the Pacific oceans.
At a time when the shape and size of
the earth were still a subject of dispute,
Magellan’s well-documented expedition
settled most controversies, despite his failure to survive it. Magellan’s name for the
Pacific was adopted by other Europeans.
The full extent of the globe was realized,
since the voyage was 14,460 Spanish
leagues (60,440 kilometers or 32,650
nautical miles).
The global expedition demonstrated
the need for establishment of an International Date Line. Upon returning to
Spain the expedition found that its date
was a day behind, although they had
faithfully maintained the ship’s log. They
lost one day because they traveled west
during their circumnavigation of the
globe, opposite to the Earth’s daily rotaION Newsletter

gator, geographer and cartographer. He
is primarily known today for his world
maps that contained detailed information on navigation, as well as very accurate charts (for their time) describing the
important ports and cities of the Mediterranean Sea.
Piri Reis gained fame as a cartographer
when a small part of his first world map,
prepared in 1513, was rediscovered in
Istanbul’s Topkapı Palace in 1929. His
world map is the oldest known Turkish
atlas showing the New World, and one of
the oldest maps of America still in existence anywhere. Piri Reis is the author of
the Kitāb-ı Ba-rīye, or “Book of the Sea”,
one of the most famous cartographical
works of the period.
GALILEO (1564-1642 A.D., coming in a future issue)
Galileo Galilei was an Italian polymath.
He is a central figure in the transition
from natural philosophy to modern
science and in the transformation of the
scientific Renaissance into a scientific
revolution. Galileo’s championing of
heliocentrism and Copernicanism was
12

controversial during his lifetime, when
most subscribed to either geocentrism or
the Tychonic system.
He met with opposition from astronomers, who doubted heliocentrism because
of the absence of an observed stellar
parallax.
The matter was investigated by the
Roman Inquisition in 1615, which concluded that heliocentrism was “foolish and
absurd in philosophy, and formally heretical since it explicitly contradicts in many
places the sense of Holy Scripture.”
Galileo later defended his views in Dialogue Concerning the Two Chief World
Systems (1632), which appeared to attack
Pope Urban VIII and thus alienated him
and the Jesuits, who had both supported
Galileo up until this point. He was tried
by the Inquisition, found “vehemently
suspect of heresy”, and forced to recant.
He spent the rest of his life under house
arrest. During that time, he wrote one of
his best-known works, Two New Sciences,
in which he summarized work he had
done some 40 years earlier on the two sciences now called kinematics and strength
of materials. Galileo studied speed and
velocity, gravity and free fall, the principle
of relativity, inertia, and projectile motion,
and also worked in applied science and
technology, describing the properties of
pendulums and “hydrostatic balances,”
inventing the thermoscope and various
military compasses, and using the telescope for scientific observations of celestial
objects.
His contributions to observational astronomy include the telescopic confirmation of the phases of Venus, the discovery
of the four largest satellites of Jupiter, the
observation of Saturn’s rings (though he
could not see them well enough to discern
their true nature) and the analysis of
sunspots.
Known for his work as astronomer,
physicist, engineer, philosopher, and
mathematician, Galileo has been called
the “father of observational astronomy”,
the “father of modern physics”, the “father
of the scientific method”, and even the
“father of science”. (Most of these details
Fall 2018
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come from the Wikipedia entry on
Galileo <https://en.wikipedia.org/wiki/
Galileo_Galilei>)
NEWTON (1643-1727 A.D., 2001 fall issue)
“Sir Isaac Newton was an English mathematician, astronomer, theologian, author
and physicist (described in his own day
as a “natural philosopher”) who is widely
recognized as one of the most influential
scientists of all time, and a key figure in
the scientific revolution. His book Philosophiæ Naturalis Principia Mathematica
(Mathematical Principles of Natural Philosophy), first published in 1687, laid the
foundations of classical mechanics.
Newton also made pathbreaking contributions to optics, and shares credit with
Gottfried Wilhelm Leibniz for developing
the infinitesimal calculus. In Principia,
Newton formulated the laws of motion
and universal gravitation that formed the
dominant scientific viewpoint until being
superseded by the theory of relativity.
Newton used his mathematical descrip-
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Galileo is called up before officers of the inquisition

tion of gravity
and eventually excommunicated for his defense
to prove Kepler’s
of heliocentrism, as seen in a romanticized 19th
century painting by Cristiano Banti.
laws of planetary
Wikimedia Commons
motion, account
for the trajectories
of comets, tides,
the precession of
the equinoxes, and
other phenomena,
eradicating doubt
about the Solar System’s heliocentricity.
He demonstrated
that the motion of
objects on Earth and
celestial bodies could
BOWDITCH (1773-1838 A.D., 2003 summer issue)
be accounted for by the same principles.
Newton’s prediction that the Earth is
Nathaniel Bowditch was an early
an oblate spheroid was later vindicated by
American mathematician remembered
the geodetic measurements of Maupertuis,
for his work on ocean navigation. He is
Huygens, and others, convincing most
often credited as the founder of modern
European scientists of the superiority of
maritime navigation. His book, The New
Newtonian mechanics over more primiAmerican Practical Navigator, first pubtive systems.” (from Wikipedia’s entry on
lished in 1802, is still carried on board
Newton)
every commissioned U.S. Naval vessel.
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According to Wikipedia’s description of the Practical Navigator, “Bowditch’s mathematical and astronomical work during this
time earned him a significant standing, including election to the
American Academy of Arts and Sciences in 1799 and the American Philosophical Society in 1809. . . .
“The text included several solutions to the spherical triangle
problem that were new, as well as extensive formulae and tables
for navigation. In 1866, the United States Hydrographic Office
purchased the copyright and since that time the book has been in
continuous publication, with regular revisions to keep it current.
Bowditch’s influence on the American Practical Navigator was so
profound that to this day mariners refer to it simply as Bowditch.
Student Naval officers prior to the establishment of the Naval
Academy referred to the work as “the immaculate Bowditch.’”

Be a part of the Ninth Annual ION

Autonomous
Snowplow Competition

How much snow can you move using state
of the art navigation and control technologies?
Challenge your team to design, build and operate
a fully autonomous snowplow to remove snow
from a designated path rapidly, accurately,
and safely.

SPERRY (1860-1930 A.D., 2007 fall issue)
Elmer Ambrose Sperry, Sr. was an American inventor and entrepreneur. He invented the gyrocompass with Herman AnschützKaempfe and founded the Sperry Gyroscope Company. His compasses and stabilizers were adopted by the United States Navy and
used in both world wars.
With major contributions from Elmer Sperry’s sons, the company developed drift meters, fire control systems, bombsights,
aircraft stabilization systems as well as several of the first inertial
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Final Public
Comment Period

Elmer Sperry
Image from The
Cyclopaedia of
American biography,
via Wikimedia
Commons

navigation systems. The Sperry name
became synonymous with sensitivity and
precision for ship’s and aircraft’s navigation and guidance systems.
EINSTEIN (1879-1955 A.D., 2005 spring issue)
“Albert Einstein was a German-born
theoretical physicist who developed
the theory of relativity, one of
the two pillars of modern physics
(alongside quantum mechanics). His work
is also known for its influence on the
philosophy of science. He is best known
to the general public for his mass–energy
equivalence formula E = mc2, which has
been dubbed ‘the world’s most famous
equation,’” according to Wikipedia.
Einstein’s consultations as a patent
expert in the gyrocompass dispute
between Sperry and Anschutz was a
relatively (pun intended) trivial example
of his contributions to navigation. His
1907 principle of equivalence contributed
to a clearer understanding of gravitational
effects on inertial navigators.
His 1917 paper “On the Quantum
Theory of Radiation” provided the
theoretical framework for the laser
gyroscope, which was first, demonstrated
in 1963. Both the special and general
theories of relativity are crucial to
achieving GPS accuracy. His ideas are
likely to shape future navigation systems
such as pulsar-based space navigation and
inertial sensors using ultra cold atoms.
Marvin B. May is Chief Navigation
Technologist for Mayven Engineering and
the Applied Research Laboratory of the
Pennsylvania State University. His email is
mbm16@arl.psu.edu.
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Software
Defined Radio
Metadata
Standard

T

he Institute of Navigation (ION)
is seeking its second, and final,
public comment on the Global Navigation Satellite Systems Software Defined
Radio (SDR) Metadata Standard. Public
comments will be accepted through
November 30, 2018.
Recent years have seen the emergence
of a proliferation of software defined
radio (SDR) data collection systems and
processing platforms designed for Global
Navigation Satellite System (GNSS)
receiver applications or those that support GNSS bands. For post-processing,
correctly interpreting the GNSS SDR
sampled datasets produced or consumed
by these systems has historically been a
cumbersome and error-prone process.
This situation has arisen because such
SDR systems necessarily produce datasets of various formats, the subtleties of
which are often lost in translation when
communicating between the producer
and consumer of these datasets. The
ION specification standardizes the
metadata associated with GNSS SDR
sampled data files and the layout of the
binary sample files.
The GNSS SDR Metadata Standard defines parameters and schema to
express the contents of SDR sample data
files. The standard is designed to promote the interoperability of GNSS SDR
data collection systems and processors.
The metadata files are human-readable
and in XML format. A compliant open
source C++ API for reading metadata
and binary samples is also officially supported to promote ease of integration
into existing SDR systems.
The formal standards document is
available online by going to <sdr.ion.
org>. Comments may be made on that
ION SDR web page by clicking on the
“Submit a Comment” button.
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Defense Matters

Department of the Space Force
(How does GPS fit in?)

T

Doug Taggart

President
Overlook
Systems
Technologies, Inc.
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he President’s direction to establish a Space
Force as a new military department at a June
18, 2018 meeting of the White House National
Space Council is generating a lot of buzz within the
halls of Congress, the Pentagon, the Air Force, other
military services, and the Executive Branch.
How all of this proposed reorganization of space
capabilities will factor into the future of GPS will
no doubt be years in the making. However, if
there is any perception by senior leadership that
continuing delays and cost escalation experienced
in the overall modernization of the GPS Enterprise
(e.g., GPS III satellites, M-Code equipment, new
operational control capabilities, and so forth) are
contributing factors in supporting the creation of a
new Department of the Space Force, that might be
misguided.
The expectation that creating a space-focused
branch of service
can correct
institutionalized
factors affecting
sustainment and
modernization
of a program as
diverse as the
GPS Enterprise
deserves a
closer look. For
example, an
August 16, 2018 Congressional Research Service
(CRS) publication (see “Toward the Creation of a
U.S. “Space Force”,” CRS In Focus, August 16, 2018
<https://fas.org/blogs/secrecy/2018/08/space-forcecrs> states:
For over two decades, the U.S. Government
Accountability Office (GAO) and others
have found that fragmentation and overlap
in national security space acquisition
management and oversight have contributed
to program delays and cancellations, cost
increases, and inefficient operations. Congress
has attempted numerous organizational and
acquisition reforms to address these problems.
In the view of many observers, these efforts
have generally been unsuccessful.
16

Masking Complexity?
Viewed strictly from the perspective of GPS, once
the Air Force got over the initial sticker shock of
developing the program in the late ’70s/early ’80s,
the GPS space segment ultimately has emerged as a
shining example of a major “space program” success
story. But this “space segment” success tends to
mask larger ongoing GPS Enterprise challenges of
fielding the next generation ground control segment (OCX) and the development and fielding of
modernized M-Code military GPS user equipment
(MGUE).
Ultimately these two “non-space segments”
of GPS may not benefit from the creation of a
Department of the Space Force. The GPS user
equipment segment, in particular, will likely not
be a mission area that the future military Space
Force would claim as something within its “space”
portfolio. This will
require a rethinking
of priorities and
responsibilities
between a new Space
Force and the legacy
Military Departments
regarding how and
where the space-based
services GPS provides
can best be managed.
These issues are
further highlighted when considered from another
Air Force perspective. At a September 26, 2018,
National Press Club event, Secretary of the Air Force
Heather Wilson said that the Air Force does seven
things in space: weather, missile warning, GPS,
communications, launch; intelligence, surveillance,
and reconnaissance (ISR); and space superiority.
(See SpacePolicyOnLine.com article titled, “What
Problems Does Space Force Solve? SECAF Wilson
has the Answer.” <https://spacepolicyonline.com/
news/what-problem-does-space-force-solve-secafwilson-has-the-answer>.
Six out of Seven
In her comments, Secretary Wilson suggested that
the U.S. Air Force is the “best in the world” at the
Fall 2018
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him safely to the Earth before the end of
the decade. That vision created a national
challenge, contributed to the country’s
resolve to invest in technology and
educate students in math and science,
and ultimately generated a strong sense
of national pride.
With that memory refreshed, I believe
it is important for many reasons that
the United States rejuvenates academic
interest in math and science. Taking
steps to establish a Department of the
Space Force is a vision aiming in the right
direction to push that agenda.
President Proposes,
Congress Disposes
Ultimately it will be Congress that
will need to take the steps necessary to
create a Department of the Space Force.
As noted in the CRS publication cited
earlier, “The constitutional framework
appears to contemplate that the role of

2019

first six, but not in space superiority,
and thus it should be one of the focus
areas for a future Department of the
Space Force. This perspective seems
to beg the question of where and how
management responsibility for the first
six “space things” will stack up when
balanced against the need to chase the
goal of space superiority. One might
wonder, will the pursuit of achieving
superiority in space (recognizing that
there is only so much money that can
be allocated) ultimately deprive GPS of
the dollars needed to keep the system
moving forward?
Opening the aperture beyond just
fixing Department of Defense (DoD)
space systems, as a stimulus to the
economy, the creation of a Space Force
could parallel the excitement of the
early 1960s space race when President
Kennedy challenged the United States
to land a man on the Moon and return
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establishing, organizing, regulating, and
providing resources for the Armed Forces
belongs to Congress, while the President
is in charge of commanding the forces
Congress has established using the funds
Congress has provided.”
We should further note that, in
addition to commanding the forces
Congress establishes, the President is
also responsible for managing timely
and affordable acquisition of the systems
necessary for those forces to accomplish
their missions.
That will be the fundamental
question that must be addressed in the
reassignment of program responsibilities
within the DoD, and will ultimately
determine whether services from space
(including GPS) can be provided more
economically and efficiently with
creation of a Department of the Space
Force.
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ION News and Notes
ION NATIONAL NOMINATIONS
and SATELLITE DIVISION ELECTION RESULTS

2019-2021 National Nominations Notice
Results of ION National Nominations
and Satellite Division Election Results

T

he 2019–21 Nominating Committee of The Institute of Navigation has submitted nominations for the
organization’s officers to serve during
the forthcoming two-year term. Chaired
by Dr. Dorota Grejner-Brzezinska, the
Nominating Committee included three
representatives from each region of the
ION. Eligible voting members were
notified of the nominations by email in
September.
Additional Nominees
Pursuant to Article V of The Institute of
Navigation’s bylaws, “additional nominations may be made by petition, signed
by at least 25 members entitled to vote
for the office for which the candidate
is nominated.” All additional nominees
must fulfill nomination requirements as
indicated in the ION bylaws, and the
nomination must be received at the ION
National Office by November 7.
Voting
Voting will be conducted electronically
via the ION website. On-line ballots will
be available after November 12. On-line
voting must be completed by December 5 to
be counted.
Election Results
Results will be announced at the ION
2019 ITM/PTTI Meeting, January
28–31, 2019, in Reston, Virginia. Newly
elected officers will take office on January
31, at the conclusion of the meeting and
serve for two years. Election results will
be reported in the ION Newsletter.
Nominees
The following members have been nominated for these positions:
ION Newsletter

PRESIDENT

Dr. Y. Jade Morton, University of Colorado
at Boulder
EXECUTIVE VICE PRESIDENT

Dr. Gary McGraw, Rockwell Collins
Dr. Frank van Diggelen, Google
TREASURER

Dr. Frank van Graas, Ohio University
EASTERN VICE PRESIDENT

Mr. Elliott Kaplan, The MITRE
Corporation
Dr. Keith McDonald, The MITRE
Corporation
WESTERN VICE PRESIDENT

Ms. Sandy Kennedy, Hexagon Positioning
Intelligence, Canada
Mr. Stephen Rounds, John Deere
EASTERN COUNCIL MEMBER-AT-LARGE

Dr. Jacob Campbell, AFRL
Mr. Kevin Coggins, Booz Allen Hamilton
Dr. Robert Lutwak, AFRL
Dr. Kyle Wesson, Zeta Associates
WESTERN COUNCIL MEMBER-AT-LARGE

Dr. Mathieu Joerger, The University of
Arizona
Dr. Zak Kassas, University of California,
Irvine
Mr. Jeff Martin, Spirent Federal Systems
Dr. Alex Stratton, Rockwell Collins

Dr. Okuary Osechas, German Aerospace
Center, Germany
Dr. Jihye Park, Oregon State University
Dr. Laura Ruotsalainen, University of
Helsinki, Finland
Dr. Jiwon Seo, Yonsei University, South
Korea
Dr. Zheng Yao, Tsinghua University, China
Dr. Zhen Zhu, East Carolina University

2018-2020 Satellite Division Election
Results
This past summer the Satellite Division
Nominating Committee, chaired by Dr.
John Betz, submitted nominations for
Satellite Division Officers. Nominations
were circulated to eligible membership
in advance by email and in the ION
Newsletter. Online voting was held in
July/August and the following officers
were elected:
Chair: Dr. Chris Hegarty, The MITRE
Corporation
Vice Chair: Ms. Patricia Doherty, Boston
College
Secretary: Dr. Jason Rife, Tufts University
Treasurer: Mr. Tim Murphy, Boeing
Newly elected officers took office on
September 28, 2018, at the conclusion of
the ION GNSS+ meeting and will serve
for two years. Additionally, Dr. José Ángel
Ávila-Rodríguez and Dr. Allison Kealy
were appointed to serve on the Satellite
Division Executive Committee as the
European Technical Advisor and Pacific
Rim Technical Advisor, respectively.

TECHNICAL REPRESENTATIVES

Mr. Ken Alexander, FAA
Dr. José Ángel Ávila-Rodríguez, ESA, The
Netherlands
Dr. Sunil Bisnath, York University, Canada
Dr. André Hauschild, German Aerospace
Center, Germany
Dr. Andrew Hansen, DoT
Dr. Li-Ta Hsu, Hong Kong Polytechnic
University, China
Dr. Mohammed Khider, Google
Ms. Deborah Lawrence, FAA
Dr. Jiyun Lee, KAIST, South Korea
Dr. Terry Moore, The University of
Nottingham, UK
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SECTION NEWS

New England Section
Later this fall, Dr. John Raquet from
Air Force Institute of Technology will
speak to the New England Section on
“UAVs vs. Natural Autonomous Vehicles
(NAVs) — Are We Closing the Gap?”
Many significant advancements in
UAV technology have taken place over
the past 10–15 years. In his presentation,
Dr. Raquet will step back and evaluate
how well we are really doing in this area
by comparing performance of unmanned
Fall 2018

aerial vehicles (UAVs) with those of
natural autonomous vehicles (NAVs),
defined as entities that fly but are not
designed, built, or controlled by a humans (birds, for example).
Dr. Raquet will present evaluations of
both types of vehicles’ performance according to eight different metrics and directly compare the “best in class” UAVs
and NAVs for each metric. The picture
that emerges provides insight into where
we should put our future UAV development efforts. In his talk, Dr. Raquet will
also look at the related area of machine
learning and explore the concept of the
limitations of technology.
Dr. Raquet is the director of the
Autonomy and Navigation Technology
(ANT) Center at the Air Force Institute
of Technology (AFIT), where he is also a
professor of electrical engineering.

Frank Bauer presents at The ION’s
Washington DC Section.

Washington DC Section
The DC Section met on Thursday, August 23, to hear from Frank Bauer (president of FBauer Aerospace Consulting
Services) discuss “GPS/GNSS for Space
Applications,” specifically those that
take place beyond low Earth orbit.
Mr. Bauer’s aerospace career spans
over 40 years within NASA and private
industry, including his current position
as President of FBauer Aerospace Consulting Services (FB-ACS).
Fall 2018

Dayton Section
The Dayton Section began a new season
of meetings with a luncheon on September 13. Capt. Aaron Canciani, of
the engineering faculty at the Air Force
Institute of Technology, spoke to the
group on the topic, “Near-Future Uses
of Emerging Quantum Magnetometry.”
In his presentation, Capt. Canciani
reviewed some of the new magnetometers under development, outlined
the differences between scalar, vector,
gradiometer, and tensor magnetometry,
and then turned to ideas for making
use of the technologies. One of these is
using maps of magnetic anomalies to
aid inertial navigation. Smaller, lighter
magnetometers could allow comprehensive, widespread mapping of magnetic
fields using small UAVs and unmanned
underwater vehicles (UUVs).
On October 11, the
Section convened again
to hear Ms. Natasha
Norris present her master’s degree research at
Ohio University on the
subject of “Implementation of Multi-Constellation Baseline Fault
Detection and Exclusion
Algorithm Utilizing
GPS and GLONASS
Signals.” Her work
implemented the algorithm for a combined
GPS-GLONASS position solution and
made use of real GPS and GLONASS
signals to demonstrate its capability for
lateral navigation. Her approach was
tested against multiple simulated faults
with multi-constellation navigation as
outlined in the Minimum Operational
Performance Standards (MOPS) for
GPS/GLONASS Airborne Equipment.
The work was performed under the guidance of Prof. Frank van Graas.
The Dayton Section’s next luncheon
meeting is planned for November 8. All
are welcome.
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Calendar of
Upcoming
Events

NOVEMBER 2018
Nov. 28-Dec. 1: International Association of
Institutes of Navigation (IAIN) 16th World
Congress, Makuhari Messe International
Convention Complex, Chiba, Japan
Contact: IAIN
Web: www.iain2018.org
JANUARY 2019
28-31: ION International Technical Meeting
(ITM) & ION Precise Time and Time
Interval Meeting (PTTI) 2019, Hyatt
Regency Reston, Reston, Virginia
Contact: ION
Web: www.ion.org
Cognizant Autonomous Systems for
Safety Critical Applications (CASSCA)
Conference, Hyatt Regency Reston, Reston,
Virginia
Contact: ION
Web: www.ion.org
28-29:

MARCH 2019
25-27: Munich Satellite Navigation Summit,
Alte Kongresshalle, Munich, Germany
Email: Info@munich-satellite-navigationsummit.org
Web: www.munich-satellite-navigationsummit.org
APRIL 2019
8-11: ION Pacific PNT 2019, Hilton Waikiki
Beach, Honolulu, Hawaii
Contact: ION
Web: www.ion.org
JULY 2019
8-11: ION Joint Navigation Conference (JNC)
2019, Hyatt Regency Long Beach, Long
Beach, California
Contact: ION
Web: www.ion.org
SEPTEMBER 2018
16-20: ION GNSS+ 2019, Hyatt Regency
Miami, Miami, Florida
Contact: ION
Web: www.ion.org
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CHALLENGE continued

from page 1
Since 2010, the U.S. government has
run nearly 1,000 competitions with more
than $250 million in cash prizes offered
for the best ideas. Winners have ranged
from students and hobbyists to small
business owners and academic researchers.
And positioning, navigation, and timing
(PNT) technologies feature prominently
in the current line-up of challenges.
Indeed, the granddaddy of all government challenges — the Defense
Advanced Research Projects Agency
(DARPA) Grand Challenge launched in
2004 to develop autonomous vehicles
— may have started the whole thing off.
(An article in the Summer 2006 issue
of the The ION Newsletter discusses the

environments during time-sensitive
combat operations or disaster response
scenarios.”
“One of the main limitations facing
warfighters and emergency responders
in subterranean environments is a lack
of situational awareness; we often don’t
know what lies beneath us,” said Timothy Chung, program manager in DARPA’s Tactical Technology Office (TTO).
“The DARPA Subterranean Challenge
aims to provide previously unimaginable
situational awareness capabilities for
operations underground.”
“We’ve reached a crucial point where
advances in robotics, autonomy, and
even biological systems could permit
us to explore and exploit underground

The DARPA Subterranean Challenge explores innovative approaches and new technologies to rapidly map, navigate, and search complex underground environments.

Grand Challenge and its successor the
DARPA Urban Challenge. Sebastian
Thrun, a professor of computer engineering and electrical engineering who
oversaw the Stanford University Racing
Team that won the 2005 Grand Challenge keynoted the ION GNSS 2007
conference.)
The agency is back this year with a
new competition, the DARPA Subterranean or “SubT” Challenge, along
with $3 million in prizes. The challenge “seeks novel approaches to rapidly
map, navigate, and search underground
ION Newsletter

environments that are too dangerous
for humans,” said TTO Director Fred
Kennedy.“Instead of avoiding caves and
tunnels, we can use surrogates to map
and assess their suitability for use."
SubT Challenge teams can compete
in one or both of two complementary
research tracks: the Systems track, to
develop hardware and software to test on
a physical course; or the Virtual track, to
develop software-based approaches to test
on a simulated course.
Entries for the DARPA Subterranean
Challenge close on September 30, 2021.
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A Spur to ‘Paradigm Shifting’
Challenges are grouped into seven
categories:
Analytics. Analytics, visualization and
algorithm challenges focus on finding better ways to interpret or communicate data.
Design. Creative design and multimedia challenges can help agencies capture,
communicate and project a concept
or aesthetic that would be difficult to
achieve with a grant or contract.
Entrepreneurship. Business plan
challenges are competitions used by
government, universities and private sector organizations to help train and equip
entrepreneurs, as well as launch their
ventures.
Ideas. An ideation challenge supports
new ways of understanding and framing
problems, new processes to solve problems, and innovative implementations as
solutions to problems.
Scientific. These challenges seek to
promote the understanding of a problem,
solution, or outcome using empirical or
measurable evidence-based practices.
Software. In a software and app
development challenge, an organization
asks solvers to create a software application to solve an existing problem or draw
attention to potential uses of available
datasets.
Technology. Technology demonstration and hardware challenges seek
prototypes or fully developed solutions to
catalyze and demonstrate breakthrough
technical innovations.
The webpage of the iCare-AD/ADRD
Challenge, provides perhaps the best
description of the rational behind the
GSA-administered program: “Prize
competitions reward and spur paradigm
shifting, groundbreaking, innovative
ideas without requiring preliminary data.
Additionally, these types of competitions
stimulate excitement about a need/opportunity, allow the agency to seek an
accomplishment without pre-selecting an
approach or team, allow participants at
any career stage and from non-academic
research institutes to compete, encourage
cross-discipline collaboration and creFall 2018

CHALLENGE.GOV

ative solutions to problems, and promote
commercialization of products to enable
broad use.”
Incidentally, the National Institute for
Agency’s iCare-AD/ADRD Challenge
(the full title of which stands for Improving Care for People with Alzheimer’s
Disease and Related Dementias Using
Technology) also has a PNT piece. One
category for the competition seeks to aid
access to care and relevant community
resources. “Solvers could use technology
to assist persons with dementia (PWD)
with aging in place, to improve access to
appropriate transportation options using
smart devices, and to coordinate health
care visits.”
The iCare-AD/ADRD Challenge offers up to $400,000 in prizes and closes
June 30, 2019.
Other recent PNT-related challenges
include:
NASA Next-Generation Animal
Tracking Ideation Challenge.

The

competition invites proposals for using miniature CubeSats to improve
the real-time accuracy of following the
movements of marine animals and help
development management plans to
recover and maintain their populations.
The challenge offered $30,000 in prizes
and closed November 11.
NASA International Space Station

NASA
has an experimental radio-frequency
identification (RFID) tracking system
onboard the International Space Station
that can locate tagged items with average,
standard deviation, and maximum errors
of 1.5, 0.5, and 3 meters, respectively.
NASA would like to see how much improvement can be obtained using other
algorithms that mine the archived RFID
data. This challenge offered awards of
$26,500 but closed October 31.
RFID Localization Challenge.

USGC Ready for Rescue Chal-

As the nation’s maritime first
responder, the U.S. Coast Guard helps
lenge.

boaters in distress. Within this mission,
one critical issue is finding people in the
water. A lifejacket or personal floatation device (PFD) is critical for survival,
keeping a person afloat while they seek
safety. But a person in the water is a
small, moving target, and even in a successful rescue mission, locating the person can take hours, when only minutes
are available.
The U.S. Coast Guard Ready for
Rescue Challenge invited concept for
solutions that helps make a person in
the water easier to find. The best solutions will be effective, affordable, and
hold the potential for wide adoption by
recreational boaters. Proposals should
use technologies that the Coast Guard
currently has available to find people
lost at sea — GPS, infrared, homing
beacons and so on.
The UCG challenge offered a total of
$225,000 in prizes but closed October
15.
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GNSS Program Updates

News from Systems Around the World
A

remarkable ramp-up in launches of
BeiDou satellites and a 20 percent
increase in the GPS program budget underline the accelerating progress toward
completion and modernization of the
world’s GNSS systems.

GPS
On September 28, 2018, President
Trump signed the Department of
Defense and Labor, Health and Human
Services, and Education Appropriations
Act, 2019 and Continuing Appropriations Act, 2019, an omnibus funding
measure that provides $1.42 billion to

bidders — Boeing Defense, Space &
Security and Northrop Grumman — declined to submit bids this spring after the
Air Force apparently chose to stick with
its current GPS III contractor as a way to
speed completion of the system.
The first of the GPS IIIF satellites to be
built under the fixed-price contract is expected to be available for launch in 2026.
The Department of Defense delegated the
procurement decision to the Air Force; an
approach the Air Force said shaved five
months off the process.
The first GPS III satellite was delivered Cape Canaveral Air Force Station,
A government and contractor team loads
the first GPS III satellite, nicknamed Vespucci, for transport to Cape Canaveral Air
Force Station, Florida, to begin processing
for a December launch aboard a SpaceX
Falcon 9 rocket
Photo credit: U.S. Air Force photo by Lt. Col. Erin Gulden

the Air Force GPS program in Fiscal Year
2019 (FY19), which began October 1.
The level of funding for the program
represents a substantial increase over
the $1.18 billion Congress approved for
FY18 and a significant jump over the
$908.3 million appropriated for FY17.
The White House had asked for a total
of $1.48 billion for the GPS program for
FY19.
Also in September, the Air Force
awarded Lockheed Martin a $7.2 billion
contract to build 22 GPS III Followon (IIIF) satellites. Two other potential
ION Newsletter

Florida, to begin its processing for a
launch now expected to take place December 15 on board a SpaceX Falcon 9
rocket. Adopting the naming practice of
several other GNSS programs, the satellite has been dubbed “Vespucci” in honor
of Amerigo Vespucci, the Italian explorer
for whom the Americas were named.
The second GPS III launch is tentatively
scheduled from April 4, 2019, on board a
United Launch Alliance Delta 4 rocket.
“The upcoming GPS III launch will
be the start of a brand new one,” says
Col. Steven Whitney, director of the GPS
22

Directorate. “It is the first of our new
GPS III satellites, first to integrate with a
SpaceX rocket, first to interact with elements of GPS’ Next Generation Operational Control System (OCX) Block 0,
and first to have spacecraft acquisition
and on-orbit checkout from Lockheed
Martin facilities.”

BeiDou
By late October, China had launched
15 BeiDou satellites so far this year with
another three planned to reach orbit by
the end of November. All but one of the
successful launches have been thirdgeneration (BeiDou-3) middle Earth
orbiting (MEO) spacecraft, sent up in
pairs on Chang Zheng (Long March)
3B/YZ-1 rockets. The exception was an
inclined geosynchronous orbit (IGSO)
satellite launched in July.
The rapid launch cadence has brought
the number of MEO BeiDou-3 spacecraft in orbit to 16, all of them still in the
commissioning phase. Another pair of
MEO satellites and a single geostationary orbit (GEO) spacecraft remain to be
launched in 2018.
The completed BeiDou Navigation
Satellite System (BDS) will have 27
MEO satellites operating at about 22,000
kilometers altitude, five GEOs, and three
more in inclined geosynchronous orbits,
at 35,786 kilometers, providing global
GNSS coverage with an anticipated
stand-alone positioning accuracy of 2.5 to
5 meters.
The BDS third phase will introduce
new signal frequencies: B1C/B1I/B1A
(1572.42 MHz), B2a/B2b (1191.795
MHz), B3I/B3Q/B3A (1268.52 MHz),
and Bs test frequency (2492.028 MHz).
Interface control documents (ICDs) for
the new signals are available online at
<http://en.beidou.gov.cn/SYSTEMS/
ICD>.
Fall 2018

gnss program updates

The global Galileo system’s
ground segment
Credit: European Space Agency graphic

The China Satellite Navigation Office
says that BDS will be fully operational by
2020.

Galileo
On September 6, the European Space
Agency (ESA) awarded a new work
contract for the Galileo Control Segment
— that part of the Galileo system responsible for the monitoring and control
of all the satellites in orbit — to GMV
Aerospace and Defence, Spain.
GMV will serve as prime contractor to
upgrade the Galileo Control Segment for
part of Galileo’s Exploitation phase. The
three-year work order includes upgrading the system architecture to manage a
constellation of up to 41 Galileo satellites,
updating declining elements in the current system, improving operability linked
to the provision of services and the addition of a new, second tracking, telemetry,
and control (TT&C) station to be based
in Kourou, French Guiana.
Galileo’s Control Segment is hosted at
the Oberpfaffenhofen Control Centre in
Germany, with a “hot backup” in place
at Galileo’s second Control Center, at
Fucino in Italy. It also extends to a network of TT&C ground stations placed
around the globe to stay linked with all
satellites in the constellation.
Fall 2018

According to the European GNSS
Service Center, the Galileo constellation
currently has 18 “usable” satellites in
orbit with four more spacecraft, launched
in July, still undergoing commissioning.
A further 12 Galileo “Batch 3” satellites are on order to complete the fully
operational constellation of 24 and 6 inorbit spares and provide replacements for
decommissioned satellites in the future.
Completion of the constellation is expected to take place in 2020, with a new
generation of Galileo spacecraft planned
for the middle of the next decade, offering improved performance and added
features.
Meanwhile, after a four-year delay the
Federal Communications Commission
(FCC) is set to vote on whether signals
from Europe’s Galileo satellite navigation system can officially be used in the
United States.
Calling November “Space Month,” an
October 24 blog post by FCC Chairman Ajit Pai said the commission would
take up nine space-related items in its
November agenda — including a vote on
whether to authorize use of Galileo signals. The next open commission meeting
is November 15.
“Given all [the] uses [of GPS], it’s
important for us to take steps to im23

prove GPS when we can,” Pai wrote.
“That’s why the Commission will vote in
November on allowing American devices
to access the European global navigation satellite system, known as Galileo.
Enabling the Galileo system to work in
concert with the U.S. GPS constellation
should make GPS more precise, reliable,
and resilient — a boon to consumers and
businesses alike.”
Galileo signals have long been available for use in the United States and
most contemporary GNSS receivers can
process them; however, Galileo could not
be used for official or regulated purposes, such as enhanced 911 (E911) that
provides automatic locations of mobile
callers in emergencies.

GLONASS
Russia plans on launching a
GLONASS-M satellite from Plesetsk
Cosmodrome in November at a date
yet to be announced. The rocket will fly
on board a Soyuz 2-1b launcher with a
Fregat upper stage.
The previous launch — also a
GLONASS-M — took place in June.
Russia’s GNSS constellation currently has
24 operational satellites, all GLONASSMs except for one next-generation
GLONASS-K.
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