
The right to be left alone received a big 
boost from the U.S. Supreme Court 

recently.
Location privacy is a subject that 

everyone may have to wrestle with at 
one time or another. Related issues range 
from truly frightening incidents — do-
mestic abusers stalking their victims using 
GPS or other tracking technology — to 
the simply maddening — Facebook and 
smartphones and smart houses knowing 
all too much about us. 

The Fourth Amendment to the U.S. 
Constitution is pretty clear about the 

Dr. Gary McGraw of Rockwell Collins 
served as the meeting chair, with Dr. 
Jacob Campbell, AFRL Sensors Director-
ate, the vice-chair. Technical program co-
chairs Dr. Demoz Gebre-Egziabher and 
Dr. Mathieu Joerger helped put together 
a great program that kicked off Tuesday, 
April 24, and ran through Thursday, 
April 26.

There was something for everyone on 
Tuesday. Here are just a few of the session 
highlights:

•  Daniel Maier presented on “Prelim-
inary Assessment on the Vulnerabil-
ity of NMA-based GNSS Signals 
for a Special Class of Record and 
Replay Spoofing Attacks”

•  Padma Bolla presented on “Dual-
frequency Signal Processing 
Architecture for Robust and Precise 
Positioning Applications”

•  Michael Larsen presented “Nuclear 
Magnetic Resonance Gyroscope”

High performance inertial sensor 
technology, receiver signal process-

ing, and robotic and indoor navigation 
presentations all played important roles 
in technical sessions at the IEEE/ION 
Position Location and Navigation Sym-
posium (PLANS) at the Hyatt Regency 
Monterey in Monterey, California from 
April 23–26.

But discussions on those key topics 
were only a portion of what took place at 
PLANS as several sessions addressed a va-
riety of other hot topics, including GNSS 
integrity and augmentation, Vision/in-
tegrated navigation systems, and marine 
vehicle navigation. Additionally, manu-
facturers launched several products on 
the show floor and announced big plans 
for future product launches — some of 
which were announced would take place 
at AUVSI EXPONENTIAL in Denver, 
Colorado in May.
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TIMELY TOPICS COVERED

Inertial Sensors, Receiver Signal Processing and 
Indoor Navigation Take Center Stage at PLANS 2018
Stan Goff, Inside GNSS

WARRANTS REQUIRED FOR 
CELL PHONE DATA

Supreme Court 
Rules in Favor 
of Location 
Privacy

U.S. Supreme 
Court building, 
Washington, 
D.C.
Carol M. Highsmith 
photo, Library of 
Congress
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The ION Military Division hosted the Joint Nav-
igation Conference (JNC) July 9–12 in Long 

Beach, California, and in the words of Greg Graham 
(JNC Program Chair), “It was the BIGGEST and 
BEST ever!” Boasting more than 830 attendees and 
43 exhibiting organizations, JNC grew 30 percent 
over the previous year. 

While the session rooms and exhibit hall were 
bursting at the seams, there was an energy and 

enthusiasm for Positioning, 
Navigation, and Timing 
(PNT) technologies as the 
foundation for the United 
States’ military ops and 
homeland security. Even 
more gratifying was that 
the bulk of the increase in 
attendance came directly 
from the joint services and 
government participation. 

This year’s plenary speakers were particularly 
engaging and thought provoking. Some of the 
information presented by our speakers was brought 
up again and again in informal discussions through 
the rest of the conference, which is a sure sign of 
interest. 

Also, as is often the case, the warfighter panel was 
a highlight of the conference. It is so important for 
many of us as engineers to hear directly from the 
people who are the end users of our products, and 
I am extremely grateful for the warfighters from 

the Army, Navy, and Air 
Force who agreed to come 
and spend their valuable 
time helping us to under-
stand their real needs.

I also had numerous 
people comment to me 
that the quality of the 
presentations in the ses-
sions seemed particularly 
good. Thank you to all of 
the presenters who spent 
the time needed to clearly 
explain to the JNC com-
munity the things that you are doing to improve our 
PNT.

I would be remiss if I did not thank 
The Aerospace Corporation for their 
generous sponsorship of the facilities and 
security support for the classified session, 
as well as Northrop Grumman who 
sponsored lunch on the classified day.

JNC is a “must-attend” conference for my orga-
nization. Everyone I work with in the DoD naviga-
tion community is there. Moreover, it is obvious the 
word is out so make plans now to attend next year’s 
event!

Looking Forward to ION GNSS+
While the JNC is my PNT DoD community, I am 
also very much looking forward to the internation-

PRESIDENT'S COLUMN | DR. JOHN RAQUET

JNC Attendance Soars

Follow us on 
Facebook and 
Twitter at 
ionavigation.

Warfighter Panel: Pictured (left to right): CPT Stoney Grimes, USA; SFC(P) Alex Joy, USA; LCDR Michael Maas, USCG; 
LtCol Jonathan “Doc” Ard, USAF; CPT Jon Fanelli, USA; ETVCS(SS) William L Hoyt, USN; Mr. Kevin Coggins, Booz 
Allen Hamilton and Panel Co-chair; BG Thomas L. James, USA; CAPT Sean Memmen, USN and Panel Co-chair; LCDR 
Samuel Fromille, USN; LCDR Stephanie Johnson, USN; MAJ Brian Alvarez, USAF

Elliott Kaplan 
recognized for 
his two years of 
service as the ION 
Military Division 
chair (left); Dr. 
John Raquet, ION 
president; and 
Greg Graham, JNC 
2018 program chair, 
recognized for his 
contribution to the 
technical program.

Plenary Speaker Lt. Gen. 
John F. Thompson, Com-
mander, Space and Missiles 
Systems Center, Space 
Command, USAF pictured 
with Greg Graham, JNC 
2018 program chair.

For more 
coverage of 
JNC 2018, 
please see 
pages 4-5
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al outreach and cooperation between 
industry and academia at ION GNSS+ 
2018 being hosted September 24–28 in 
Miami. ION GNSS+ is the ION’s most 
competitive conference in terms of ac-
ceptance of proposed papers, with some 
sessions having less than 50 percent 
acceptance rate so the quality of papers 
can be very high. 

Be sure to look at the ION GNSS+ 
online program for this year’s plenary 
speakers. Steve Malkos will be presenting 
emergency location service in Android 
and Dr. Paul LaRocque will recount a 
history of LIDAR (from ship to air to 
space).

Award Nomination Reminder
I encourage you to acknowledge the 
contributions of your professional 
associates and nominate one or more of 
them for an ION award that recognizes 
individuals making significant 
contributions or demonstrating 
outstanding performance relating to 
the art and science of positioning, 
navigation and timing. Nominations for 
ION’s Fellows and Annual Awards can 
be made at <www.ion.org/awards> until 
October 15. 

Thank You to  
JNC 2018 Sponsors

Northrop Grumman and 
The Aerospace Corporation
Other sponsors: Systron Donner, 
Lockheed Martin, Boeing, Harris, 

Orolia, GPS World, and Inside GNSS.

Calendar of Upcoming Events
SEPTEMBER 2018 
24-28: ION GNSS+ 2018, Hyatt Regency 
Miami, Miami, Florida  
Contact: The ION  
Tel: +1 703-366-2723 
Web: www.ion.org

NOVEMBER 2018 
Nov. 12-15: International Navigation 
Conference, Mercure Bristol Grande Hotel, 
Bristol, UK    
Contact: Royal Institute of Navigation 
(RIN) 
Web: www.rin.org.uk
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  
Tel: +1 703-366-2723 
Web: www.ion.org
28-29: Cognizant Autonomous Systems for 
Safety Critical Applications (CASSCA) 
Conference, Hyatt Regency Reston, Reston, 
Virginia 
Contact: ION  
Tel: +1 703-366-2723 
Web: www.ion.org

APRIL 2019
8-11: ION Pacific PNT 2019, Hilton 
Waikiki Beach, Honolulu, Hawaii 
Contact: ION  
Tel: +1 703-366-2723 
Web: www.ion.org
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JNC 2018 RECAP

JNC 2018

Thank You, JNC Organizing Committee!

Front Row: John Langer, Ben Wash, Fay Spellerberg, Jan Anszperger, Sharon Donald, Greg Graham, Eddy Emile, Neeraj Pujara and 
Paul Olson. Back Row: Dr. John Raquet, Dr. David Chapman, Dr. Tom Powell, Elliott Kaplan, John Del Colliano, Bill Bollwerk and Joseph 
Schnecker.

JNC 2018 Recap continued from page 3

JNC 2018 EXHIBITORS, SPONSORS  
& MEDIA PARTNERS 
Acutronic USA Inc.
The Aerospace Corporation 
Air Force Research 

Laboratory
Analog Devices 
Autonomy and 

Navigation Technology 
Center/AFIT

Boeing
Brandywine 

Communications 
CAST Navigation 
Canyon Consulting, LLC
Curtiss-Wright 
EMCORE 
ENSCO 
FEI-Zyfer 
FIBERNETICS 
General Dynamics 

Mission Systems 

GPS Source
GPS World
Harris 
Honeywell International 
Ideal Aerosmith, Inc. 
Inside GNSS
iXBlue, Inc. 
Jackson Labs 

Technologies, Inc. 
Kearfott Corporation 
KVH Industries, Inc. 
L-3 Interstate Electronics 

Corporation 
LinQuest Corporation 
Lockheed Martin Space 

Systems Co. 
Mayflower 

Communications 
Company 

Microsemi Corporation 

The MITRE Corporation 
Northrop Grumman 
NovAtel, Inc. 
Orolia Government 
Polaris Sensor 

Technologies, Inc. 
Raytheon 
Rockwell Collins 
Rohde & Schwarz USA 
Sensonor AS 
Silicon Designs 
SpectraDynamics Inc. 
Spirent Federal Systems 
Systron Donner Inertial 
Talen-X 
Technology Advancement 

Group (TAG) 
TRX Systems, Inc 
VectorNav
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JNC 2018 RECAP

20
19 JOINT 

NAVIGATION
CONFERENCE

www.ion.org/jnc

Positioning, 
Navigation and 

Timing Technologies: 
The Foundation for 

Military Ops and 
Homeland Security

July 8–11, 2019
Tutorials: July 8
Show Dates: July 9–10
Hyatt Regency, Long Beach, California

Classified Session: July 11, 
The Aerospace Corporation
 

Sponsored by the Military Division  
of the Institute of Navigation

SAVE THE DATE

JNC19-Half-Horiz-Newsletter.indd   1 7/27/2018   1:53:18 PM
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1. How did you first get involved with ION?
My first experience with ION was at the First Annual Au-

tonomous Lawnmower Competition in 2004. I had built an 
autonomous ground vehicle for my M.S. with Dr. Boris Pervan in 
2002, and we thought it would be a minor upgrade to convert the 
vehicle into a lawnmower that could run on bumpy grass fields. 

We were wrong. 
The Illinois Institute of Technology team (Dr. Samer Khanaf-

seh and I) worked non-stop for a month, still coding while driv-
ing from Chicago to Dayton where the competition took place. 
We finished third out of three competitors, but at least we got 
the lawnmower to move. The best part of the event was that I got 
to meet Dr. Y. Jade Morton, Dr. Frank van Graas, and Dr. Mike 
Miller, who have all played a crucial role in my career through 
their advice, their support, and their passion for PNT.

2. What is your favorite aspect of being a member of ION?
The ION provides many opportunities to interact with the 

world’s experts in navigation. I have been reading, reviewing, and 
citing their papers for many years; so, it is extremely enjoyable, 
and sometimes enlightening, to meet them in person at ION 
conferences. 

Also, the Institute cares about quality. I recently joined the 
ION Council. Of course, the council members want conferenc-
es to be well attended, but they also want the quality of papers 
to remain a distinguishing characteristic of ION meetings. I 
want to be part of an organization that cares about building 
such a reputation.

3. What type of GNSS work do you do currently or have you 
done in the past?
Most of my work as a graduate student was on designing high-

accuracy and high-integrity GNSS-based navigation systems for 
aircraft applications. I am working on extending these methods 
to non-GNSS sensors (e.g., LiDAR), to multi-sensor systems 
(GNSS/INS/LiDAR), and to other applications, including au-
tonomous car navigation and space situational awareness. 

4. What do you consider some of the most important current 
research, education, policy, or technical topics in GNSS 
for the next year?
I would first cite Dr. Bradford Parkinson: we should “Protect, 

Toughen, and Augment” GNSS. We all understand and appreci-
ate the benefits of GNSS. This does not prevent unpredictable 
conflicts with other promising technologies. Thanks to the FAA, 
I am fortunate to be part of an international effort to enhance 
the relevance and resilience of GNSS: ARAIM (Advanced 
Receiver Autonomous Integrity Monitoring) aims at providing 
worldwide guidance of aircraft using multi-constellation GNSS.

Regarding autonomous cars, I think that there is a giant 
leap between current automated systems (e.g., adaptive cruise 

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 writeup by Dr. Kyle Wesson

Dr. Mathieu Joerger is an assistant professor of aerospace and 
mechanical engineering at The University of Arizona. He 

first became involved with the ION when he was a graduate stu-
dent at the Illinois Institute of Technology. In 2014, he received 
ION’s Early Achievement Award for “outstanding contributions 
to the integrity of multiconstellation and multi-sensor naviga-
tion systems.”

Mathieu hopes to see safety features incorporated earlier and 
earlier in the design of autonomous and safety-critical systems, 
and he warns against the high costs of retrofitting safety after-
the-fact. He also wants to see safety become a fundamental 
component of any engineering education.

When he can find a scrap of time between being a professor 
and raising his family, Mathieu enjoys playing football (soccer), 
although he admits that he has gone from playing five times per 
week to five times per year (at least until tenure). Mathieu will be 
attending ION GNSS+ 2018 in Miami in September and also 
participated in the Automated Vehicles Symposium hosted by 
the Transportation Research Board in San Francisco in July.

To learn more about Mathieu and his involvement with the 
ION, please read his responses to the Tech Rep Spotlight ques-
tionnaire below.

ION TECHNICAL REPRESENTATIVE SPOTLIGHT

Mathieu Joerger

Mathieu and his daughter 
pose alongside the VHF 
antenna (right) used for 
Apollo Missions along with 
Galileo sphere-shaped 
tracking antennas (left) in 
Gran Canaria, Spain.
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control with lane centering assist) and future, fully autonomous 
vehicles where the auto-drive system will be responsible for 
all aspects of driving. My perspective comes from working on 
aircraft auto-land systems (which is a much more controlled and 
“easier” problem) and from reading about prior failed attempts at 
mass-deployment of automated driving systems in the 1960s and 
1990s. Safe auto-drive systems will not be designed by trial and 
error. I believe that these efforts should be coordinated and that 
they could leverage prior work in aviation navigation safety.

5. What areas of ION have you been involved in, and what 
areas do you hope to see grow in the future?
I have mostly been involved in multi-sensor integration and 

in high-integrity navigation systems.  I find the ION conference 
sessions on GNSS integrity and aviation applications fascinating.  
I also greatly appreciate the efforts of Drs. John Raquet and Zak 
Kassas who are placing more emphasis on autonomous systems. 
Safe navigation is key to autonomy. 

In addition, many of my colleagues at the University of 
Arizona are working on space applications. They miss attending 
ION meetings, and the ION certainly regrets their absence. In 
response, PLANS 2018 and ITM 2019 feature sessions on space 
applications. Our community’s expertise in orbit determination, 
remote sensing, ground monitoring, etc., is a natural fit for space 
missions and space traffic management.

6. If you were not in your current field, what would you want 
to do for a living?
As a child, I wanted to be an ébéniste (French for a craftsman 

working with precious wood — loosely translated: cabinet-
maker). I like an occupation with high expectations, where one 
does not compromise quality for quantity. I do my best to apply 
similar rigor in my research on navigation systems for safety-
critical applications. 

ION TECHNICAL REPRESENTATIVE SPOTLIGHT

Maintaining the worklife/homelife balance, Mathieu enjoys 
dinner with his children.
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•  Tamer Shamseldin addressed 
“SLAM-based Pseudo-GNSS/INS 
Localization System for Indoor 
LiDAR Mobile Mapping Systems”

•  In a packed room, Todd Hum-
phreys presented on “Low-cost 
Precise Vehicular Positioning in 
Urban Environments.”

An Awards Luncheon took place on 
April 26 where the Walter Fried Award 

for Best Paper was presented to Joe 
Khalife and Zak M. Kassas, University 
of California, Riverside, for their paper, 
“Precise UAV Navigation with Cellular 
Carrier Phase Measurements.” 

Sensors, Robotics, and Indoor Navigation
A number of technical sessions focused 
on autonomous vehicles, UAVs, robot-
ics and advances in sensors and sensor 
integration.

PLANS 2018 RECAP

PLANS 2018 continued from page 1

PLANS 2018 BEST PAPER AWARDS

BEST PAPER IN TRACK A: 
Small Size or Low Cost Inertial Sensor 
Technology Session
MEMS Gyro Drift Compensation Using 
Multiple Rate Measurements Derived 
from a Single Resonator: Howard Ge, 
Amir H. Behbahani, and Robert T. 
M’Closkey, University of California Los 
Angeles 

BEST PAPER IN TRACK B: 
Atmospheric Effects Session
On-line Model Learning for Adaptive 
GNSS Ionospheric Scintillation 
Estimation and Mitigation: Jordi 
Vilà-Valls, Carles Fernandez-Prades, 
Javier Arribas, Centre Technologic de 
Telecomunicacions de Catalunya (CTTC/
CERCA), Spain; James T. Curran, 
European Space Agency, Netherlands; Pau 
Closas, Northeastern University, Boston, MA

BEST PAPER IN TRACK C: 
Navigation Using Environmental Fea-
tures Session
Cooperative Simultaneous Localization 
and Mapping for Pedestrians using 
Low-Cost Ultra-Wideband System and 
Gyroscope: Christian Gentner, Markus 
Ulmschneider and Thomas Jost, Germany 
Aerospace Center (DLR), Germany   

BEST PAPER IN TRACK D: 
Algorithms and Methods Session
Exploiting Side-Information for Resilient 
GNSS Positioning in Mobile Phones: 
Silvia Ceccato, Francesco Formaggio, 
Gianluca Caparra, Nicola Laurenti, 
Stefano Tomasin, University of Padova, 
Italy   

BEST STUDENT PAPER AWARD: 
Precise GNSS Positioning Applications 
Session 
Spatial Gradient Monitor for GBAS: 
Jaymin Patel, Samer Khanafseh, and Boris 
Pervan, Illinois Institute of Technology  

(above) IEEE/ION PLANS Best Paper 
Award winners pictured with Dr. Gary 
McGraw, IEEE/ION PLANS general chair.

In the Sensor Aiding and Augmenting 
track, sessions were devoted to wear-
able-based pedestrian inertial navigation 
with constraints based on biomechani-
cal models; indoor positioning based on 
ultra-wide band low cost technologies; 
and utilizing the ACC-FMCW-Radar 
for land vehicle navigation, just to name 
a few. Additionally, Wen Weisong from 
the Hong Kong Polytechnic University, 
gave a nice presentation titled “Ex-
clusion of GNSS NLOS Receptions 
Caused by Dynamic Objects in Heavy 
Traffic in Urban Scenarios Using Real-
Time 3D Point Cloud: An Approach 
without 3D Maps.”

The Robotic and Indoor Navigation 
track, which featured chair Dr. Laura 
Ruotsalainen from the Finnish Geospa-
tial Research Institute, included sessions 
devoted to LiDAR, laser-camera-based 
3D reconstruction of indoor environ-
ments, as well as indoor mobile mapping, 
and vision-aided inertial navigation for 
head-worn wearable devices.

The PLANS conference is jointly 
sponsored by the IEEE Aerospace and 
Electronics Systems Society (AESS) and 
the Institute of Navigation (ION). The 
IEEE is the world’s largest professional 
engineering organization. The ION is the 
world’s premier professional organiza-
tion for the advancement of positioning, 
navigation, and timing.

The Exhibition
Close to 20 manufacturers showed 
off their products and technologies at 
PLANS, and a number of them were 
talking about new launches. In the 
exhibit hall, GNSS receiver manufac-
turer Septentrio announced the launch 
of the next generation AsteRx-I, which 
combines Septentrio’s latest compact, 
multi-frequency multi-constellation 
GNSS engine with an external industrial 
grade MEMS-based IMU. The AsteRx-i 
is designed to deliver accurate and reli-
able GNSS/IMU integrated positioning 
to the centimeter-level as well as full 3D 
attitude at high update rates and low 
latency. 
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PLANS 2018 RECAP

IEEE/ION 
PLANS 2018 
Exhibitors and 
Sponsors
Acutronic
Advanced Test 

Equipment 
Rentals

Atlantic Inertial 
Systems Ltd.

CAST Navigation
GPS World
Ideal Aerosmith
IFEN Inc.
Inside GNSS
Northrop 

Grumman
NovAtel, Inc.
OFS
Physical Logic 

Ltd.
Septentrio
Silicon Sensing 

Systems Ltd.
Spirent Federal 

Systems
Systron Donner 

Inertial
Thales Visionix
UTC Aerospace 

Systems
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The company also launched the AsteRx 
SB, a light and compact ruggedized 
multi-frequency GNSS receiver. Jan Van 
Hees, Septentrio’s director of marketing 
& business development, said the com-
pany plans to release two more sensors 
later this year.

M-Code
The GPS M-Code was also a prominent 
topic among exhibitors.

Lou Pelosi of CAST Navigation said 
the company is now offering M-Code in 
an AES (advanced encryption standard) 
unclassified version and is working on an 
MNSA (modernized NAVSTAR security 
algorithm) classified version to be offered 
soon. Pelosi said the software upgrade is 
available for use with all of the company’s 
GNSS simulation systems.

Spirent Federal senior systems engi-
neer Phillip Bonilla said his company’s 
SimMNSA Simulating M-Code will be 
available before the end of the year. Tar-
geted for Spirent’s GSS9000 GNSS/GPS 
simulator, SimMNSA’s key features will 
include: support for simple key-and-fly 
scenarios for straightforward receiver in-
tegration, support for advanced functions 

for receiver developers, 
and enabling greater 
flexibility and control for 
scenarios than simulator 
data sets (SDS), accord-
ing to Spirent.

Physical Logic
Physical Logic an-
nounced additional 
grades of their MAXL-

CL-3030 tailored to meet customer 
needs. The company’s closed loop and 
open loop MEMS accelerometer families 
are expanding. Benefits include tactical 
and inertial grade performance, 15g-70g 
sensing range closed loop accelerometer, 
and 2g–70g sensing range open loop ac-
celerometer. 

PLANS 2018 Professional Awards
IEEE WALTER FRIED AWARD
The Walter Fried Award recognizes the best technical paper 
presented at the PLANS conference and includes a plaque and 
$750 honorarium. This year’s winner is: “Precise UAV Naviga-
tion with Cellular Carrier Phase Measurements,” Joe Khalife 
and Dr. Zak M. Kassas, University of California, Riverside.

The Walter Fried Award was endowed in memory of Dr. 
Fried’s professional engineering accomplishments, most notably 
his technical leadership in the development of Doppler radar 
and relative navigation systems.

During his distinguished career, Walter generously volun-
teered his time to the IEEE Aerospace Electronics Systems 
Society (AESS) by serving on the Board of Governors for many 
years and coordinating the activities of the AESS Technical 
Panels and the Distinguished Lecturers Program of which he 
was also a participant. He was the AESS representative on the 
PLANS Executive Committee since the first conference in 1976 
until his death at 75 in 1998.

PLANS KERSHNER AWARD
The 2018 IEEE PLANS Kershner Award was awarded to Dr. 
Per Enge for his continued contributions in the field of radio-
navigation, from Loran-C through GNSS, including its many 
augmentations, as well as for the guidance of students.

In 1986, the IEEE PLANS Executive Committee established 
the Kershner Award for outstanding achievement. The purpose 
was to recognize individuals who have made substantial con-
tributions to the technology of navigation and position equip-
ment, systems, or practices. 

PLANS 2018 RECAP

Dr. Michael Braasch (left), IEEE AESS Board of Governors, presents 
Fried Award to Dr. Zak Kassas (center) and Joe Khalife (right).

Dr. Todd Walter (center) accepts the Kershner Award on behalf of Dr. 
Per Enge. The award was presented by Dr. Michael Braasch (left), 
IEEE AESS Board of Governors, and Dr. Gary McGraw (right), PLANS 
general chair. 
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NAVIGATION AND TIMING

Resilient Navigation — Where are we?
Dana Goward

Fixing your position in the physical 
world is a relatively straightforward, 

linear calculation. Not so much in the 
non-linear, turbulent, and often vague 
world of sociology and public policy. 

But even in the latter realm we are not 
completely lost and know that the answer 
to “Where are we?” on our journey to-
ward having resilient navigation for all is 
“farther along than a year ago.”

Consensus Achieved
The navigation and timing communities 
seem to agree, nearly to a person, that 
space-based solutions alone are insuf-
ficient. One of the best examples is the 
European Union, always desperate to 
justify its massive expenditure in Galileo, 
announcing that, by itself, GNSS is not 
sufficient when it comes to safety of life 
and other critical applications. 

Others publicly expressing concern 
include Secretary of the Air Force Heather 
Wilson and numerous members and 
speakers at the President’s National Space 
Council. Even MITRE presentations on 
the topic are starting to feature sugges-
tions to “design out GPS,” at least for 
timing systems.

So, the conversation has turned from 
“Do we have a problem?” to “What do we 
do about it?” 

A workshop sponsored by ATIS and the 
RNT Foundation in April and another 
sponsored by ATIS and NIST in June 
addressed the question of making timing 

receivers more resilient (presentations for 
both are available on line). Resilient navi-
gation will be addressed at ION GNSS+ 
in September. 

And the International Association of 
Institutes of Navigation (IAIN) World 
Congress, to be held November 28 to 
December in Chiba, Japan, will feature a 
constellation of navigators discussing the 
event theme of “Science, Technology, and 
Practice to Resilient Navigation” (Y’all 
come. It’s a great opportunity to interact 
with folks from that region whom we 
don’t see that often). 

Action Underway
There is more than just head scratching 
going on. Members of Congress have 
been asking administrations for years 
about how the United States will get along 
without space-based services, especially 
GPS, and are losing patience. 

Congress appropriated $10 million this 
year for a “technology demonstration” of 
a GPS backup system, and another $5 
million is on tap for next year. A pend-
ing bill also has language that requires the 
Secretary of Transportation to act on the 
long pending presidential mandate for 
the department to acquire a GPS backup 
system for the nation.  

The Department of Homeland Security 
is remaining active in this space as well. 
In addition to announcing another “Jam 
Fest,” they are also examining ways GPS 
used for small unmanned aerial systems 

can be made more resilient in the short 
term. 

We have also seen encouraging signs 
overseas. The South Korean Loran-C to 
eLoran project continues apace. Techni-
cal papers have been presented that could 
indicate Russia and China are considering 
a similar transition. We understand that 
other nations are also moving to reduce 
their reliance on space for positioning, 
navigation, and time. The United King-
dom has been the most public among 
these and has been following a very de-
liberate and thorough process to identify 
vulnerabilities and alternatives.

Too Little, Too Late?
All of this activity is encouraging, al-
though it’s coming 14 years after President 
Bush mandated acquisition of a GPS 
backup capability (a policy that still stands 
today), which is both disappointing and 
worrisome. 

In the meantime, GPS/GNSS jammers 
have become ubiquitous. Recent press 
reports have shown the ease of spoofing 
all GNSS constellations at the same time, 
and how, for a mere $225 in equipment, 
maps can also be spoofed. As the barri-
ers to disruption and deception continue 
to fall, we must hope that our collective 
education and awareness efforts are suffi-
cient to put users on their guards and help 
them avoid the worst consequences. 

At every opportunity we must remind 
technologists, navigators, and casual users 
alike of the need to:
•  protect GPS/GNSS signals by pre-

venting deliberate and accidental 
interference

•  toughen GPS/GNSS receivers with 
anti-jam and anti-spoof technology, 
and 

•  augment GPS/GNSS signals with 
difficult-to-disrupt signals and systems 
that have much different failure modes 
than those originating in space. 

Dana A. Goward is the President of the 
Resilient Navigation and Timing Foundation 
<www.RNTFnd.org>, a member of the 
National PNT Advisory Board, and a senior 
advisor to Strategic Command’s Purposeful 
Interference Response Team. 
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right of citizens to be secure — in their 
persons, houses, papers, and effects — 
against unreasonable searches and seizures 
without a warrant issued by a court on 
the basis of “probable cause.”  That right 
has been extended to eavesdropping on 
telephone conversations. 

However, if the police are merely fol-
lowing the movement of a mobile device, 
based on data obtained from a third 
party (typically, wireless carriers) and 
without accessing the content of mes-
sages or conversations, does that violate 
the constitutional protection? On June 
22, in a somewhat surprising alliance of 
the court’s conservative chief justice, John 
Roberts, Jr., and four liberal associate 
justices, the court answered that question: 
it does. The court ruled that the warrant-
less acquisition and search of phone data 
violated a defendant’s reasonable expecta-
tion of privacy.

The positioning technology involved 
in the case is known as cell-site location 
information (CSLI). Mobile phones more 
or less continuously connect to cell sites, 
which generate time-stamped records of 
CSLI that, among other things, identify 
the connecting phone. Wireless carriers 
collect and store this information for their 
own business purposes.

The appellant in the case before the 
Supreme Court, Timothy Carpenter, had 
been arrested and convicted in connec-
tion with a series of armed robberies of 
Radio Shack and other stores in the De-
troit, Michigan, area, beginning in 2010. 

After the FBI identified the cell phone 
numbers of several suspects in the robber-
ies, prosecutors obtained their cell phone 
records, including the CSLI, from the 
wireless carriers under the Stored Com-
munications Act. That act allows a lesser 
legal standard — “reasonable grounds” — 
to be used in gathering data from third 
parties. The retrieved data covered 127 

days of cellphone activity that placed Car-
penter’s mobile phone near the locations 
of several of the robberies at the time they 
occurred.

Privacy Versus ‘Volunteered’  
Business Records
The court broke new legal ground in its 
decision because the digital data at issue 
— personal location information main-
tained by a third party — did not fit 
neatly under existing precedents. Instead, 
the justices had to consider two lines of 
legal precedents. One set addresses a per-
son’s expectation of privacy in his physi-
cal location and movements, notably the 
decision in United States v. Jones, a 2011 
case in which five Justices concluded that 
privacy concerns were raised by long-
term GPS tracking of a suspect. (See the 
article on that case in the 2011–12 issue 
of The ION Quarterly Newsletter.)

The other line of inquiry involves 
information voluntarily turned over to 

PRIVACY continued from page 1

LOCATION PRIVACY RULING
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third parties — such as financial records 
held by a bank or records of dialed tele-
phone numbers conveyed to a telephone 
company — in which the court has ruled 
a person has a reduced expectation of 
privacy. The government prosecutors 
contended that the third-party doctrine 
governed the Carpenter case, because 
cell-site records, like the records in the 
previous third-party cases, are “business 
records” created and maintained by the 
wireless carriers.

In writing the opinion of the court, 
Chief Justice Roberts rejected this argu-
ment, noting that “a cell phone logs a 
cell-site record by dint of its operation, 
without any affirmative act on the part of 
the user beyond powering up. Virtually 
any activity on the phone generates CSLI, 
including incoming calls, texts, or e-mails 
and countless other data connections 
that a phone automatically makes when 
checking for news, weather, or social 
media updates. Apart from disconnect-

ing the phone from the network, there is 
no way to avoid leaving behind a trail of 
location data.”

Like GPS, Only More So
Roberts also noted that cell site tracking 
“partakes of many of the qualities of the 
GPS monitoring we considered in Jones. 
Much like GPS tracking of a vehicle, cell 
phone location information is detailed, 
encyclopedic, and effortlessly compiled.” 

Roberts continued, “As with GPS 
information, the time-stamped data pro-

vides an intimate window into a person’s 
life, revealing not only his particular 
movements, but through them his ‘famil-
ial, political, professional, religious, and 
sexual associations,’” quoting from the 
Jones decision. 

In Carpenter’s case, the 127 days of 
CLSI data placed his phone at 12,898 
locations, according to his lawyers. They 
also revealed whether he had slept at 
home on given nights and whether he 
attended church on Sunday mornings, 
they said.

Roberts argued that historical cell-site 
records present even greater privacy con-
cerns than the GPS monitoring of a ve-
hicle, which they may leave from time to 
time, while they “compulsively carry cell 
phones with them all the time.” He con-
cluded, “Accordingly, when the Govern-
ment tracks the location of a cell phone 
it achieves near perfect surveillance, as if 
it had attached an ankle monitor to the 
phone’s user.”  

LOCATION PRIVACY RULING

“Accordingly, when the 
Government tracks the 
location of a cell phone it 
achieves near perfect 
surveillance, as if it had 
attached an ankle monitor to 
the phone’s user.”

2-1, Nakase, Mihama, Chiba, 261-0023, JAPAN
https://iain2018.org

Important Dates
Call for abstracts  Oct. 1, 2017
Open online registration  Feb. 28, 2018
Abstract submission deadline May 31, 2018
Paper submission deadline July 31, 2018
Early registration ends   Sept. 30, 2018
Late Registration ends  Nov. 12, 2018
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This is the second of two articles that address the events 
that led to what European history calls the "Age of 
Exploration." Many historians mark the beginning of 
this era with the conquest of Constantinople by the Ot-
toman Empire in 1453.  

During the 16th century, the empire under Sulei-
man the Magnificent became the dominant 

naval power in the Mediterranean. Through an Otto-
man admiral, navigator, geographer and cartographer 
named Piri Reis, we can view this historical develop-
ment through the career of one individual. His 1513 
and 1528 maps of the world and his 1526 manual 
of navigation provide a rare glimpse of the Islamic 
world of that time.

Asia Minor — modern Turkey — is strategically 
located with a long and beautiful coast along three 
seas: the Mediterranean to the south, the Aegean to 
the west, and the Black Sea to the north. From the 
14th to the 19th century, especially during the 16th 
century, a Turkmen dynasty named after its founder, 
Osmun, controlled a powerful empire that encom-
passed most of southeastern Europe to the gates of 
Vienna, including present-day Hungary, the Balkans, 
Greece, and parts of Ukraine; present-day Iraq, Syria, 
Israel, and Egypt; North Africa as far west as Algeria; 
and large parts of the Arabian Peninsula.

When the Byzantine capital of Constantinople — 
now Istanbul — fell to the Ottomans, the European 
powers began to search for direct maritime access to 
Asia, especially to maintain access to spices for which 
there had been an insatiable appetite in the Near East 
and Europe since classical antiquity. 

The European quest was reinforced by the Renais-
sance spirit of adventure and curiosity but also driven 
by the clash of two crusading religions, Christianity 
and Islam. The Europeans wanted to find the leg-
endary Christian kingdom of Prester John (believed 
to be in Ethiopia or India), fight Islam, and recover 
Jerusalem. 

But it didn't work. The Ottoman navies in the 
Mediterranean were superior in ship architecture, na-
val strategy and cartography. The European kingdoms 
were forced to concede naval supremacy of the seas 
in Asia Minor to their enemies, while attempting to 
build their wealth by sailing west over the Atlantic 
Ocean. On the vast and empty Atlantic, Europe had 
the advantage — first Portugal and Spain, later the 
still mightier seaborne empires of Holland, England, 
and France.

Ottoman Exploration
The individual most closely associated with the naval 
prowess of the Ottoman empire is Hadji Muhiddin 
Piri Ibn Hadji Mehmed, known as Piri Reis (chief ) 
for his excellence as a naval captain.

He was born between 1465 and 1470 in Gal-
lipoli on the Aegean coast of Turkey. He began his 
maritime career under the command of his uncle 
Kemal Reis, a well-known seafarer of the time. He 
fought many naval battles alongside his uncle, and 
later served under Khaireddin Barbarossa, the Barbary 
pirate who became admiral of the Ottoman fleet. He 
fought against the Spanish, Genoese and Venetian 
navies, including in the First Battle of Lepanto (Battle 
of Zonchio) in 1499 and Second Battle of Lepanto 
(Battle of Modon) in 1500. 

As a mariner and cartographer, Piri Reis created 
three works of historical significance. Two were maps 
of the world of which only fragments survive; around 
one third of the earlier map and one sixth of the 
later. The third Piri Reis contribution was the Kitab-i 

FROM THE ION HISTORIAN, MARVIN MAY

Motivations for the  
Age of Discovery, Part II

Marvin B. May

Bronze bust of Piri 
Reis in the Istanbul 
Naval Museum
All images from 
Wikimedia Commons

Map of the world 
by Piri Reis



Summer 2018  15  ION  Newsletter

and was popular with succeeding gen-
erations of Ottoman mariners. It covers 
the entire Mediterranean in great detail 
with 210 chapters, each covering specific 
segments. 

Piri Reis takes us on a round trip of 
the entire sea, with the Dardanelles as the 
point of departure and return. The last 
four chapters cover the Sea of Marmara. 
No known European portolan document 
is as comprehensive, as detailed and as 
interwoven between texts and charts. 

He prefaces a number of chapters with 
personal memories, the segment's history 
or topical details before he proceeds to 
sailing directions and other professional 
information. 

The author poignantly hopes that his 
book will serve future generations of sail-
ors in their dangerous trade. In the pref-
ace, he writes, “I have compiled, within 
the limits of my abilities, a memorable 
book on the science of navigation and 
the profession of a mariner . . . until now, 
nobody has produced a useful manual of 
this type.” 

After writing his expanded second 
version in 1526 — several dozen are still 

preserved — Piri Reis resumed his naval 
career with spectacular success, rising to 
the rank of admiral in 1547. He com-
manded the Ottoman fleet in the Indian 
Ocean and in Egypt. In 1554, when he 
was almost 80 years old, he commanded 
a expedition to capture the Portuguese-
held island port of Hormuz. The mission 
failed. Despite his many achievements, 
this loss led to his execution.

In his book, Piri Reis and Turkish 
Mapmaking after Columbus, author Svat 
Soucek wrote, "Piri Reis represented the 
kind of intellectual curiosity and practical 
spirit that could have saved the Ottoman 
Empire and the rest of the Muslim world 
from eventually slipping into a state of 
subordination to Europe.”  
Note: The principal reference used for 
this article was Piri Reis and Turkish 
Mapmaking After Columbus, by Svat 
Soucek.
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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Bahriye, or Book of the Sea, a manual of 
sailing directions and portolan charts he 
prepared in 1521 and expanded in 1526. 

Piri Reis is most famous for his ex-
traordinary 1513 map, a planisphere in 
the style of a portolan chart typical of the 
period. It is unusual in several respects: 
it is the work of an Ottoman Turk while 
most Portolan charts were by Italian 
mapmakers, the author describes in detail 
how he went about making the map, and 
it is based in part on a map produced by 
Christopher Columbus. 

In an annotation on the map, Piri Reis 
says, “This is a unique map as no one has 
ever produced, and I am its author. I have 
used 20 maps as well as mappamundi [a 
European medieval map style]. The latter 
derive from a prototype that goes back to 
the time of Alexander the Great and cov-
ers the entire world. Then I have used an 
Arab map of India, as well as a map drawn 
by Columbus in the West. I have brought 
all these sources to one scale, and this map 
is the result. In other words, just as the 
sailors of the Mediterranean have reliable 
and well-tested charts at their disposal, so 
too is this map of the Seven Seas reliable 
and worthy of recognition.” 

 Although the surviving portion shows 
only the western half of the Iberian 
Peninsula and the westernmost portions 
of Africa, it still contains lengthy carto-
graphic legends concerning the discovery 
of America and the human and natural 
memorabilia found there, as well as notes 
about the manner in which the Portu-
guese and others had been exploring the 
west coast of Africa, the Atlantic and the 
route to India. 

The map fragment of 1528, now at the 
Topkapi Palace Museum in Istanbul, was 
less celebrated than the older version, but 
it may have been just as remarkable in its 
complete state.  

16th Century Travelogue
The third Piri Reis masterpiece is the 
Kitab-i Bahriye, a book consisting of 
portolan charts, texts, and information 
for mariners. It has survived in its entirety, 
with original copies in various museums, 

Detail of Piri 
Reis' first map

Kitab-i Bahiriye map 
of the Kingdom of 
Granada
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In my efforts to put my thoughts to paper for this 
article I have considered several different ap-

proaches. After numerous attempts, I have decided 
it is best to simply come at it straight on — the Bot-
tom Line Up Front (BLUF) approach is: The Trump 
administration needs to take charge and develop a 
new national positioning, navigation, and timing 
(PNT) policy focused on establishment of a robust, 
resilient national PNT infrastructure. 

The nation is embracing rapid technological 
change in areas such as autonomous vehicle opera-
tions, artificial intelligence, the Internet of Things, 
and massively large spatial data analyses, all of 
which have elements of position and time embed-
ded throughout their designs. Yet, the PNT poli-
cies to which the nation is currently tied are rooted 
in the last century, when the Global Positioning 
System (GPS) was just reaching maturity and 
before its influence on human activities had fully 
evolved, along with the diverse PNT Enterprise it 
has spawned.

The Clinton Directive
With the benefit of 20-20 hindsight, we can evalu-
ate the interagency process that culminated in the is-
suing of the 1996 Clinton era Presidential Decision 
Directive (PDD/NSTC-6) that focused on GPS. 
That singular effort channeled divergent agency 
views and served as a significant means to motivate 
the interagency in pursuit of a common goal to 
make the newly operational GPS the international 
gold standard for space-based PNT systems.

The Clinton era policy provided a strategic vision 
for the future management and use of GPS that 
included a broad range of military, civil, com-
mercial, and scientific interests, both national and 
international.

The initiative to pull together an interagency team 
to help structure the policy ultimately helped inspire 
the agencies to work together to fulfill six key goals: 

1)  Strengthen and maintain our national security; 
2)  Encourage acceptance and integration of GPS 

into peaceful civil, commercial and scientific 
applications worldwide; 

3)  Encourage private sector investment in and use 
of U.S. GPS technologies and services; 

4)  Promote safety and efficiency in transportation 
and other fields; 

5)  Promote international cooperation in using 
GPS for peaceful purposes; and 

6)  Advance U.S. scientific and technical 
capabilities. 

The Bush Policy
With that two-decade-old experience as an example 
of how focused policy leadership can achieve results, 
one can now also evaluate the Bush era NSPD-39 
policy that established a new national policy and 
superseded NSTC-6. 

In contrast to NSTC-6, which raised awareness 
of GPS as a national asset, the Bush policy, which 
remains in force today, has not proven to be nearly as 
successful in motivating the interagency to work to-
gether to achieve the prescriptive goals it established. 
Beyond the ongoing promotion of GPS interna-
tionally, the direction to fully exploit its capabilities 
for homeland security and to protect the services 
it provides from malicious or even unintentional 
disruption remains unfulfilled.

As one example receiving considerable attention 
today, the Bush policy is clear and direct in assign-
ing responsibility to the Secretary of Transportation, 
in coordination with the Secretary of Homeland 
Security, to “develop, acquire, operate, and maintain 
backup position, navigation, and timing capabilities 
that can support critical transportation, homeland 
security, and other critical civil and commercial 
infrastructure applications within the United 
States.” The Bush policy additionally tasked the 
Departments and Agencies to “allocate the resources 
required to fulfill the objectives of this policy.” 

But today, nearly 14 years later and two admin-
istrations after the end of the Bush Presidency, the 
only action taken on PNT backups was direction by 
the Obama administration in 2010 to terminate and 
order the dismantling of the domestic Loran-C net-
work, which was operated by the U.S. Coast Guard. 
That action was accepted with enthusiasm by the 
Coast Guard, and it took an act of Congress in 2014 
to halt the destruction of Loran stations until the 
Bush policy requirement to provide a GPS backup 
could be satisfied. An enhanced version of the Loran-

Doug Taggart
President
Overlook 
Systems 
Technologies, Inc.

Defense Matters

Commanding a PNT Enterprise Vision
(Wallowing around rudderless takes us nowhere)
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C system (called eLoran) has long been a 
viable candidate to provide such backup 
capability.

Beginning with this Congressional 
action in 2014, and despite additional 
Congressional interest stimulating agency 
activity in each year since, the interagency 
players remain engaged in handwring-
ing and responsibility deflection as each 
seeks to avoid the resource and manage-
ment responsibility of providing the GPS 
backup capability that the national policy 
requires.

A 21st Century Policy
Returning to the BLUF, the challenge 
for the Trump administration will be to 
energize the interagency to re-ignite U.S. 
leadership in employing applications of 
the PNT Enterprise for U.S. national 
benefit. The emphasis for the new end-
state policy must expand to address all 
areas of federally enabled PNT Enter-
prise capabilities vital to U.S. national 

security, critical infrastructure protec-
tion, economic prosperity, and scientific 
interests while continuing to stimulate 
technical innovations that support U.S. 
business growth.

Viewing today’s U.S. PNT challenges 
from the perspective of international 
competition, a new national PNT policy 
should be formulated with a vision to 
recapture and broaden the initiatives that 
the U.S. was able to leverage as part of 
the 1996 policy direction that “empha-
sized the acceptance of GPS and U.S. 
Government augmentations as standards 
in domestic and international transporta-
tion systems.” 

It is neither surprising nor should it 
be particularly threatening that U.S. pre-
eminence in space-based PNT is being 
impacted as other nations and regions 
are fielding their own GNSS. It has 
been more than two decades since GPS 
became operational, and such successful 
technologies naturally encourage imita-

tion and competition. The U.S. needs to 
recognize that demands on GPS and the 
PNT Enterprise as a result of modern 
technology innovations grow by the day. 
So, we need to try 
harder. 

Resting on our 
laurels with GPS 
as a limited U.S. 
vision of PNT 
going forward is 
not a recipe for 
continued success. 
Without redefin-
ing the PNT land-
scape and establishing new, clear pur-
poses and goals, we risk being outpaced 
by international competition, on the 
battlefield and in the marketplace. It is 
incumbent on the Trump administration 
to take steps now to recapture a national 
PNT initiative that firmly establishes 
U.S. leadership of a new, diverse PNT 
Enterprise. 

DEFENSE MATTERS
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VOTING FOR THE ION OFFICERS

2018–20 Satellite Division 
Nominations & Voting
The Satellite Division Nominating 

Committee, chaired by Dr. John 
Betz, submitted the following nomina-
tions for Satellite Division Officers:

Chair:
 Dr. Chris Hegarty, The MITRE 

Corporation
Vice Chair:
 Ms. Patricia Doherty, Boston 

College
 Ms. Sandy Kennedy, Hexagon 

Positioning Intelligence/NovAtel, 
Canada

Secretary:
 Dr. Zak Kassas, The University of 

California, Riverside
 Dr. Jason Rife, Tufts University
Treasurer:
 Mr. Tim Murphy, Boeing
 Dr. Alex Stratton, Rockwell Collins
Online voting for the ION Satellite 

Division Officers opened to eligible vot-
ers on July 16.  Completed ballots must 
be received at the ION office by August 
6, 2018 in order to be counted.

Election results will be announced 
during the 31st International Technical 
Meeting of the ION Satellite Division 
being held September 24-28, 2018 in 
Miami, Florida. The newly elected of-
ficers will take office on September 28, 
2018 at the conclusion of the meeting 
and will serve for two years. Election 
results will be reported in Fall issue the 
ION Newsletter.

ION Satellite 
Division Organized 
Joint ION/CSNC 
Panel at Chinese 
Satellite Navigation 
Conference

In May the ION Satellite Division’s im-
mediate past chair Dr. Y. Jade Morton 

co-chaired a joint ION/CSNC panel 
with Dr. Jun Shen on GPS and BeiDou 
at the Chinese Satellite Navigation Con-
ference (CSNC) held in Harbin, China.  
Prominent ION members from both 
the USA and China participated in the 
panel. Additionally, a keynote address 
for the conference was provided by Dr. 
Todd Walter, Stanford University and 
past ION president.

During the CSNC awards banquet 

Dr. Y. Jade Morton and Lisa Beaty, ION 
executive director, had the opportunity 
to recognize Dr. Yuanxi Yang and Dr. 
Zheng Yao for ION Fellow and Early 
Achievement Awards received in January 
in Reston, Virginia earlier this year. Beaty 
noted that, “It was a pleasure to be able to 
present these noted academics with some 
of the Institute’s highest honors, in their 
homeland among their national peers.”

Dayton Section News

On February 8, 31 attendees appeared 
for a wide-ranging discussion of 

back-ups and alternatives to GPS led by 
former AFIT professor Jeremiah Shock-
ley, who is now with the Perduco Group. 
The discussion was prompted by the fact 
that the House included language in the 
2018 National Defense Appropriation 
Act requiring a back-up GPS capability 
demonstration. Various methods ranging 
from use of other GNSSs and eLORAN 
to improved inertial, vision-based ap-
proaches, and star trackers were put on 
the table and discussed.

On March 8, the Section was treated 
to a talk by Joakim Rydell of the Swed-
ish Defence Research Agency; 38 people 
attended. Dr. Rydell gave an overview of 
the threat against civil GPS receivers stem-
ming from jamming and deception, then 
described specific examples of suspected 
Russian involvement. He next presented 
in detail a system based on stereoscopic 
thermal IR cameras and other sensors 
designed to aid firefighters in hot and 
smoke-filled environments, including test 
results. He finished his talk with remarks 

ION  News and Notes

ION Member Becomes 
RIN President
Prof. Terry Moore, ION Fellow and 
Technical Representative on ION 
Council, was seated as the president of 
the Royal Institute of Navigation (RIN) 
on July 10. 

Incoming RIN president, Prof. Terry 
Moore and outgoing president, Capt. 
James Taylor. Photo Credit: Rob Lacey

Prominent members of ION and the Chi-
nese ION co-host a joint ION/CSNC panel on 
GNSS at the Chinese Navigation Conference 
held in Harbin, China in May 2018.

From left: Lisa Beaty, Dr. Zheng Yao, Dr. 
Yuanxi Yang, and Dr. Y. Jade Morton.
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on the positioning of UAVs in GNSS-
denied conditions by matching images 
from a downward-looking camera to a 
reference map.

For the April meeting, the ION's 
Military Division funded travel to Dayton 
for Dr. Randall Christensen of Utah State 
University. He spoke to the Section on 
April 12 on the topic of Closed-Loop 
Linear Covariance Analysis and how it 
could be a more efficient means of calcu-

lating the variance of state dispersions and 
navigation errors than the usual Monte 
Carlo analysis.

For May, Section members toured the 
National Museum of the U.S. Air Force, 
paying particular attention to exhibits 
most closely related to aircraft navigation, 
weapon guidance, and reconnaissance.

Also in May, Mr. Isaiah Qualls, a 
graduate student at Miami University, 
was announced as the winner of this 

Per Enge, GPS 'Giant'
Dr. Per K. Enge, ION past president 
(1999–2000), former Satellite Division 
chair (1993–1994), and one of the world’s 
foremost experts in Global Positioning 
System technologies, died April 
22 at his home in Mountain View, 
California. He was 64.

Enge was a professor of 
aeronautics and astronautics at 
Stanford University, where he 
led Stanford’s Center for PNT. 
He began his navigation career 
working on Loran-C. Enge was later 
instrumental in the development 
of the maritime differential GPS 
(DGPS) beacon system and the GPS 
local and wide area augmentation 
systems. He also spearheaded efforts to 
leverage multiple frequencies and multiple 
constellations through advanced receiver 
autonomous integrity monitoring (RAIM). 

Most recently, Enge focused on cyber-
security for these systems. “Anyone who 
works in GPS is aware of Per and his 
influence. He was just an intellectually 
talented person who could understand 
many scientific nuances, and integrate them 
in ways others could not,” says Dr. Brad 
Parkinson, a Stanford colleague and friend. 

“Even more important than his technical 
contributions were Per’s contributions to 
our community through education, advising 
and mentorship,” said Dr. Todd Walter, 
a friend and senior research engineer at 
Stanford. “He leaves behind a strong legacy 
of students, co-workers, and colleagues who 
have been inspired by his genuine joy in 
being able to work in such an exciting field.” 

In addition to his formal teaching career 
at Stanford, Enge designed many novel 
courses for the PNT community and the 

online community. He instilled a sense 
of excitement in GNSS for worldwide 
audience.

Enge held 30 U.S. patents, several 
international patents, 
and was a noted writer 
and editor. He co-
authored or co-edited 
two textbooks on 
positioning systems, 
and over 400 academic 
papers. 

Enge was the recipient 
of numerous awards 
and honors, including 
election to the National 
Academy of Engineers 

and the Air Force GPS Hall of Fame. He 
was an ION Fellow, and recipient of the 
ION Thurlow and Kepler awards. Likewise, 
he was a Fellow of the IEEE, a recipient of 
the IEEE’s Kershner Award, a recipient of 
the Royal Institute of Navigation’s Michael 
Richey prize, a recipient of the GNSS 
Signals Award from GPS World magazine, 
and a recipient of the AIAA’s Summerfield 
Book Award.

Per was a consummate people person. 
He was positive, optimistic and always 
encouraging of others. If ever you needed 
to locate Per in a crowd, you only had to 
stop, listen, and follow the sound of his 
distinctive and utterly unreserved laugh, 
which was his own unique brand of a 
navigational guidance system. 

Colleagues plan to dedicate the 2018 
Stanford PNT Symposium (November 
7–8, 2018) to Enge. A graduate student 
scholarship fund is being established 
in Enge’s name. Details are available at 
<https://gps.stanford.edu/resources/giving>.

Corporate
Profile

LabSat | www.labsat.co.uk

Racelogic are experts in data logging 
for vehicle testing and development 
– but entered the GNSS simulation 
market some years ago with their 
LabSat record and replay system, 
with significant success.

LabSat is a cost-effective system 
for the capture and replay of live-
sky satellite signals. Racelogic’s 
extensive product development 
knowledge in GNSS data logging 
systems has seen it into its third 
generation, with a substantial and 
diverse range of customers.

The flagship LabSat 3 Wideband 
can handle almost any combination 
of constellation and signal that exists 
today, as well as future signals. The 
accompanying SatGen simulation 
software makes it an incredibly 
powerful and flexible product that 
can assist developers in virtually any 
sector, from wearable devices, to 
GNSS chipsets and space platforms. 
For more information on corporate 
membership in the Institute of Naviga-
tion, please contact Kenneth P. Esthus at 
703-366-2723 extension 1004

year's ION Apprenticeship/Scholarship.  
Selected by the officers of the Dayton Sec-
tion, he will receive a stipend of $2,500 
from the ION to defray tuition expenses 
in the coming term.

The Dayton Section concluded the 
year's activities with their annual din-
ner and election of new officers at the 
Wright-Patt Club on June 27. For the year 
beginning in September Robert Leish-
man will serve as Chair, Andrew Baster as 
vice chair, and Jeremy Gray as executive 
secretary. Boyd Holsapple will continue to 
serve as the treasurer. 
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Considerable progress has been made 
by the world’s GNSS systems since 

we last checked in with them in the 
Winter 2018 issue of The ION Quarterly 
Newsletter. A burst of launches from all 
programs except GPS has pushed the 
other GNSS systems closer to comple-
tion and/or modernization.

GPS
Both the Senate Appropriations Com-
mittee and the Senate Armed Services 
Committee have now passed their spend-
ing bills, largely agreeing with the White 
House and their House counterparts on 
funding levels for the GPS program.

The White House asked for a total of 
$1.48 billion for the GPS program for fis-
cal year 2019 (FY19). This is a substantial 
increase from the $1.18 billion Congress 
approved for FY18 and the $908.3 mil-
lion appropriated for FY17.

The appropriations and authorizing 
committees in both houses have agreed 
to the $144.54 million for develop-
ment of a search and rescue payload and 
M-Code hosted payload for GPS III. 
They have also agreed to the full $69.39 
million requested for GPS III satellites 
and the House as proposed a $5-million 
addition for a GPS backup technology 
demonstration.

The four committees also approved 
$13.48 million to update the existing 
Operational Control System (OCS), in-
cluding new equipment and upgrades for 
the Master Control Station, the Alternate 
Master Control Station, four ground 
antennas, six monitor stations as well as 
a contractor lab facility and the Telecom-
munications Simulator Test Set.

The OCS funding is planned to 
continue at about the same pace in fiscal 
years 2020 and 2021, according to the 
president’s proposed budget outline. OCS 
would also sustain the system until it is 

possible to transition to the new ground 
system — the Next Generation Opera-
tional Control System or OCX.

OCX appears likely to be fully funded 
at a level of $513.23 million despite the 
program having encountered significant 
budget and schedule problems since its 
launch. Two years ago, the Air Force de-
clared a program-threatening Nunn–Mc-
Curdy breach for OCX, which it reported 
would exceed baseline cost estimates by 
at least 25 percent. The Senate defense 
authorization committee is now asking for 
a report on whether the upgrades to OCS 
could be expanded so that OCS would 
be able to do the job of OCX, including 
support full operation of the GPS III sat-
ellites, the first of which is now scheduled 
for launch in October.

OCX is now expected to reach initial 
capability in April 2022, according to 
a Government Accountability Office 
(GAO) report issued earlier this year. The 
program — as of November 2016 — was 
more than five years behind schedule and, 
at $5.57 billion (2018 dollars), 52 percent 
over its original development budget, the 
agency wrote.

Both the House and Senate appropria-
tions committees believe that the GPS 
IIIF (Follow-On) satellite program should 
be cut. Although the two houses’ autho-
rizing committees voted to fully fund 
the program, the House appropriation 
committee proposed reducing $18 million 
from the $451.89 million request while 
their Senate counterparts are seeking a 
$50-million cut. 

In May, the U.S. Department of 
Transportation released its long-awaited 
report on GPS Adjacent Band Compat-
ibility — known more commonly as the 
ABC study. The study assessed the impact 
of radio transmissions adjacent to the 
1559–1610 MHz radionavigation satellite 
service (RNSS) band used for civil GNSS 

signals that are centered at 1575.42 MHz. 
The ABC study arose in response to 

a proposal by a company named Light-
Squared — and its successor, Ligado 
Networks — to build a terrestrial wireless 
broadband system that would operate in 
frequencies just below the RNSS band. 
The yardstick for determining interference 
used in the assessment was a greater-than-
one-decibel reduction in the carrier-to-
noise density ratio of GNSS signals. As 
previous tests had demonstrated, the 
effects of a 4G LTE–type broadband 
transmission on high-precision GNSS 
receivers exceeded that level more than 14 
kilometers away from a cell tower. 

The report may also inform the Federal 
Communications Commission’s pend-
ing decision on a proposal from Ligado 
Networks to add a potentially signifi-
cant ground network to its system using 
frequencies allocated for satellite-to-Earth 
transmissions. 

Originally planned for release in May 
2017, the Department of Transportation’s 
Adjacent Band Compatibility Assessment 
(ABC Assessment) tested 80 GPS receivers 
of six different types — general aviation 
(non-certified), general location/naviga-
tion, high precision, cellular, timing, and 
space-based. 

Galileo
Four more Galileo satellites were 
launched July 25 by an Ariane 5. Their 
arrival in orbit brings the Galileo con-
stellation to 26 satellites, extending the 
global coverage of the constellation.  

The Ariane rocket, operated by Ari-
anespace under contract to ESA, lifted 
off from Europe’s Spaceport in Kourou, 
French Guiana, carrying Galileo satellites 
23–26. The first pair of 715-kilogram 
satellites was released almost 3 hours 36 
minutes after liftoff, while the second pair 
separated 20 minutes later. 

GNSS Program Updates

News from Systems Around the World
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They were released into their target 
22,922-kilometer-altitude orbit by the 
dispenser atop the Ariane 5 upper stage. 
The quartet will be steered into their 
final working orbits by the French space 
agency CNES, under contract to the 
Galileo operator SpaceOpal for the Euro-
pean Global Navigation Satellite System 
Agency (GSA). There, they will begin 
about six months of tests by SpaceOpal 
to verify their operational readiness so 
that they can join the operational Galileo 
constellation. 

“Galileo is ESA’s largest ever satellite 
constellation, built up to its present size 
in rapid time, with 22 Full Operational 
Capability satellites added within just the 
last four years,” said Jan Wörner, ESA’s 
director general.

“This is the end of the current phase of 
Galileo deployment, but our pace is not 
slacking,” said Paul Verhoef, ESA’s direc-
tor of navigation. A further 12 Galileo 
‘Batch 3’ satellites are in preparation as 
in-orbit spares and replacements for the 
oldest Galileo satellites, first launched in 
2011, in order to keep the system work-
ing seamlessly into the future. 

“Then a new generation of Galileos is 
planned for the middle of the next de-
cade, offering improved performance and 
added features, maintaining Galileo as a 
permanent feature of the global GNSS 
landscape,” Verhoef added.

BeiDou
China’s BeiDou program launched 
another pair of third-generation (Bei-
Dou-3) satellites into orbit on July 29.

Earlier this year, China announced that 
it would launch 11 BeiDou-3 spacecraft 
by the end of 2018. China began build-
ing the third generation of BeiDou sys-
tem in 2017, and now has 10 BeiDou-3 
satellites in orbit. Two other BeiDou-3s 
were launched in March.

On July 10, China sent a second-gen-
eration BeiDou-2 satellite into orbit on a 
Long March-3A rocket from the Xichang 
Satellite Launch Center.

“The launch of a backup BeiDou-2 
satellite will ensure the system’s continu-

GNSS PROGRAM UPDATES

ous and stable operation,” said Yang Hui, 
chief designer of the BeiDou-2 series, in a 
press release from Xinhua.

Some of the BeiDou-2 satellites are 
nearing the end of their lives and need to 
be replaced by backup satellites. China 
launched two backup satellites on March 
30 and June 12, 2016. The latest Bei-
Dou-2 satellite has been upgraded to 
improve its reliability, said Yang. 

The system is expected to provide 
navigation and positioning services to 
countries along the Belt and Road by late 
2018. By around 2020, BeiDou will go 
global.

GLONASS
Russia plans to launch a new genera-
tion navigation satellite GLONASS-K2 
in 2022, the government’s TASS news 
agency reported July 2.

TASS quoted Nikolay Testoyedov, 
chief executive officer of the satellite’s 
developer, Information Satellite Systems 
Reshetnev (ISS Reshetnev), as saying that 
the new satellite will provide higher accu-
racy for determining coordinates and will 
not have foreign-made components.

“After the approval of the conceptual 
design, we will switch over to the stage of 
working out the design documentation, 
and then we will create a prototype and 
start its experimental testing,” Testoyedov 
said.

Earlier, Sergey Karutin, chief designer 
for GLONASS, announced that the 

design of the GLONASS-K2 satellite had 
been completed.

The GLONASS-K2 will transmit 
nine navigation signals, including a 
CDMA signal at the GPS/Galileo L1/
E1 frequency centered at 1575.42 MHz. 
It will weigh about 1,800 kilograms or 
twice as much as the previous generation 
GLONASS-K1.

Overall, two or three satellites will 
be made for flight tests to confirm their 
operational characteristics. After that, the 
government commission will make a de-
cision on launching their serial produc-
tion, Testoyedov said.

The satellites may be launched by a 
Soyuz-2 carrier rocket from the Plesetsk 
spaceport in the country’s north or by a 
newer Angara rocket from the Vostochny 
in the Russian Far East, he said.

Overall, two or three satellites will 
be made for flight tests to confirm their 
operational characteristics. After that, the 
government commission will make a de-
cision on launching their serial produc-
tion, he said.

 One of the first K2 satellites report-
edly will host a passive hydrogen maser 
(PHM) AFS. 

Meanwhile, on June 17, Russia 
launched a GLONASS-M satellite on 
board a Soyuz-2.1b carrier rocket from 
the Plesetsk space center. This latest  
spacecraft is still in the commissioning 
phase.  

Four Galileo satellites lifted off on July 25 from Europe’s Spaceport in French Guiana atop an 
Ariane 5 launcher.
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January 28-29, 2019
Hyatt Regency, Reston, Virginia 

The workshop 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, Riverside
•	 Program Chair: Dr. Robert Leishman, Air Force Institute of Technology

www.ion.org/cassca

ION’s 
Cognizant Autonomous Systems 

FOR Safety Critical Applications  
(CASSCA) Workshop

The Beach Boys got it wrong. Even 
with means, motive and opportunity, 
people don't get around all that much. 
Just 25 places, to be exact.

That's a person's average "location ca-
pacity," the places she or he visits regularly 
over months and even years, according 
to Danish researchers. The number is 
constant, limited, and predictable.

A recent study by the Technical Uni-
versity of Denmark analyzed data from 
40,000 smart phones around the world. 
Interestingly, "people do not gather places 
like collector cards . . . they cycle through 
them. If a new location is added, an old 
one tends to drop out," said an article in 
The Economist magazine on the study.

This doesn't seem to be solely because 
of time constraints. It may be because 

of the "Dunbar Number," the cognitive 
capacity humans have to socialize with 
others regularly (turns out to be about 
150). Researchers think something similar 
may be at work with locations.

Study authors think their findings 
on restricted location capacity will be of 
particular interest to advertisers. When 
companies find out you're spending lots 
of time in a new place, "they'll reason-
ably assume that the person in question is 
now in the market for new services in that 
area," said researcher Sune Lehmann. 

About the image: Photo of an itinerant 
worker hitchhiking in Napa Valley, California 
from mines to lumber camps to farms. 
Member of the Industrial Workers of the 
World. 
Photograph by Dorothea Lange (8b32780), 1938. Works 
Project Administration, Library of Congress.

Round, Round, Get Around. I Get Around.

This person probably turned location 
services "off" on his smartphone and is 
trying to expand his location capacity 
without anyone knowing about it.



Nominate a Colleague 
for ION Fellows and  

Annual Awards
Nominations for The Institute of Navigation’s (ION) 

Fellows and Annual Awards Program are now 
being accepted. The ION Annual Awards Program 
is sponsored by The Institute of Navigation and 

recognizes individuals making significant contributions 
or demonstrating outstanding performance relating to 

the art and science of navigation.

The Institute accepts nominations for  
the following annual awards:

Early Achievement Award
recognizing an individual early in his or her career who has 
made an outstanding achievement in the art and science of 
navigation.

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

Distinguished PTTI Service Award
recognizing outstanding contributions related to the 
management of PTTI systems.

Captain P.V.H. Weems Award
recognizing contributions to the art and science of navigation.

Tycho Brahe Award
recognizing outstanding contributions to the science of space 
navigation.

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

Colonel Thomas L. Thurlow Award
recognizing outstanding contributions to the science of 
navigation.

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

April 8-11, 2019
Hilton Waikiki Beach • Honolulu, Hawaii

www.ion.org/pnt
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CALL FOR ABSTRACTS
Abstracts Due November 1

Where East 
Meets West 

in the Global 
Cooperative 

Development 
of Positioning, 

Navigation 
and Timing 
Technology

®

INSTITUTE OF NAVIGATION

Submit your nominations today for ION’s Fellows 
and Annual Awards at www.ion.org/awards. All 
nominations must conform to ION nomination 
guidelines. Details of the nomination process 

and forms are available at www.ion.org/awards. 
Nominations must be received in proper form by 

October 15th to be considered.
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REGISTER TODAY!
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