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lost, no way home

Ships, Clocks and
Stars: The Quest
for Longitude

Tampa, Here We Come:
Commerce, Tech, Innovation

T

hree hundred years ago, Britain’s
coffeehouses attracted politicians,
gadflies, artisans, sailors and astronomers
to sip the invigorating Turkish drink
and gossip about the news of the day. In
1714, the big story concerned a jawdropping prize offered by the government to solve the longitude problem.
Among many other highlights, an
elaborate new exhibit at the Royal Maritime Museum, Greenwich gives visitors
the chance to look at inside such a coffeehouse and listen to the ghost of those
conversations. It is part of a celebration
of the quest for longitude on the anniversary of the Act and it runs through
January 4, 2015.
The race to determine longitude at
sea gripped Europe during the 18th and
19th centuries, becoming a focus for
Longitude continued on page 4

A

ttendees at the 27th international
technical meeting of the ION Satellite Division have some novel experiences
awaiting them.
Most obviously, for the first time in its
long history, the ION GNSS+ conference will take place in Tampa, Florida, a
mid-sized city (population 346,000) on a
bay opening into the Gulf of Mexico.
Inside the convention hall, a new
content architecture highlights commercial and applications-oriented content
and distinguishes these elements from the
more traditional peer-reviewed papers.
The former categories of presentations did
not require the preparation of full technical articles, while the latter did.
So, the commercial sessions will feature
manufacturers and industry experts
presenting the latest developments in
commercial products and services across a
range of domains: high-accuracy products/
solutions, microelectromechanical systems
(MEMS), new consumer products and applications, and simulation and testing.
“Applications” tracks allow researchers,
manufacturers, and end users to present innovative solutions or projects in
such areas as aviation, land, and marine
applications, high-precision GNSS and
precision point positioning, and consumer GNSS apps.
Additional sessions grouped into three
general areas — innovations, advanced
multisensory navigation, and advanced
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algorithms and methods — will offer
presentations based on technical papers.
A systems update and modernization
track with a policy focus will round out
the program. All tracks have at least one
panel discussion associated with them.
The plenary speaker, “natural navigator” Tristan Gooley, was featured in an
article in the spring issue of the ION
Newsletter.
His presentation on “The
Wonderful World
of Natural
Navigation”
will describe a
modern take
on some anTristan Gooley
cient methods
for getting from here to there: using the
sun, moon, stars, weather, plants and
animals.
A Fellow of both the Royal Institute
of Navigation and the Royal Geographical Society, Gooley is a British author
and explorer whose most recent book,
The Walker's Guide to Outdoor Clues &
Signs (May 2014) popularizes some of his
methods for using environmental clues
to navigate.
The only living person to have both
flown solo and sailed singlehanded across
the Atlantic, Gooley will recount these
ION GNSS+ 2014 continued on page 3
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From the ION president, patricia doherty

JNC Reloads Successfully in Orlando;
Sat Division Election Under Way

C

ongratulations to the ION’s Military
Division, its leaders, and government liaisons on a successful Joint Navigation Conference this past June (June
16-19, 2014, in Orlando, Florida)!
More than 400 DOD personnel and
related contractors attended the event.
After cancelling last year’s JNC event due
to federal sequestration, there was certainly a pent-up demand for this group
to reunite!
I would also like to personally thank
Jim Doherty, who after two years as the
chair of the Military Division, fulfilled
his term in the Division’s leadership and
turned the reigns over to Jan Anszperger
(C.S. Draper Laboratory) as the incoming division chair. Elliott Kaplan (The
MITRE Corporation) has been appointed as the vice chair of the division.
Jan and Elliott will continue to work
with a dedicated and talented group
of government liaisons on next year’s
technical program, which will be led by
Bill Bollwerk (USNO) and Neeraj Pujara
(AFRL Sensors Directorate).

ellite Division’s fall ION GNSS+ 2014
program, which will be held September
8–12, 2014, in Tampa, Florida. You can
find the technical program at <www.
ion.org/gnss> with easily identifiable
commercial, applications, academic and
policy-related tracks, as well as a dynamic
exhibit hall. I am looking forward to
meeting up with the satellite navigation
community in Tampa.
The Satellite Division Nominating
Committee, chaired by Dr. John Raquet,
has submitted the following nominations
for this year’s biennial Satellite Division
election:

Satelitte Division Activities
Even though it is still the height of summer, please start thinking about the Sat-

Treasurer
Dr. Grace Gao, University of Illinois
Dr. Allison Kealy, The University of
Melbourne, Australia

Chair
Dr. John Betz, The MITRE
Corporation
Vice Chair
Dr. Frank van Diggelen, Broadcom
Mr. Tim Murphy, The Boeing
Company
Secretary
Mr. Doug Taggart, Overlook Systems
Technologies, Inc.
Mr. Greg Turetzky, Intel Corporation

Online voting for the ION
Satellite Division officers will be
available after July 14. Election results will be announced
during ION GNSS+ 2014.
The newly elected officers will
take office on September 12,
2014, at the conclusion of the
meeting and serve for two years.
Election results will be reported
in the next issue of the ION
Newsletter.

Award Nomination Reminder
As president, I regularly witness how
the Institute benefits from the talents
and dedication of many ION members.
Please take time this fall to acknowledge
the contributions of your professional associates and nominate them for an ION
award that recognizes individuals making
significant contributions or demonstrating outstanding performance relating to
the art and science of navigation. Submit
your nominations today for ION’s Fellows and Annual Awards at <www.ion.
org/awards>. Nominations for The ION
Fellows and Annual Awards Program are
due October 15.

Please take time this fall
to acknowledge the
contributions of
your professional
associates and nominate
them for an ION award.
The ION is now accepting abstracts
for the ION’s International Technical Meeting (ITM) being held January
26–28, 2015, in Dana Point, California.
In order to increase the quality of technical program, manuscripts presented at
the meeting, if received in proper form
and on time, will be peer reviewed. See
<www.ion.org/itm> for a list of technical sessions and abstract submission
instructions.
The ION’s Annual Awards will be
presented during this event and the 2015
ION Fellows will be named.
See you in September at ION GNSS+
2014!

JNC 2014 thrived in Orlando
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The Purpose of the ION®
Founded in 1945,
The Institute of Navigation
is the world’s premier
non-profit professional
society dedicated to the
advancement of the art
and science of positioning,
navigation and timing.

2014 Executive Committee
President:
Ms. Patricia Doherty
Executive Vice President:
Dr. Dorota Grejner-Brzezinska
Treasurer:
Dr. Frank van Graas
Eastern Region Vice President:
Mr. Jan Anszperger
Western Region Vice President:
Dr. Sherman Lo
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and other adventures in some of the most
remote regions on Earth to demonstrate
how natural navigation can enrich all
journeys, large or small.
In another departure from past practice, the plenary keynoter will be joined
by a series of presenters who — during
five-minute “lightning talks” — will
highlight the key hot topics that will be
discussed during the week's panels.
As has been the practice for many
years, a meeting of the Civil GPS Service
Interface Committee (CGSIC) will
precede the onference on September 8
and 9 in the convention center. A forum
for information exchange between GPS
program leaders, industry, and the user
community, the CGSIC is open and free
to all ION GNSS+ registrants.
Brigadier General Ronald L. Huntley,
Director of Plans, Programs & Analyses
for the U.S. Air Force Space Command
will be the CGSIC keynote speaker.
A Little about Tampa
The Tampa Convention Center, which
will house ION GNSS+ 2014, is built
Summer 2014

near the mouth of the Hillsborough
River on the site of Fort Brooke, the first
U.S. settlement in the area after Florida
was acquired from Spain in 1819.
An electric streetcar service connects
the convention center along a 2.7-mile
(4.35-kilometer) route with Ybor City (a
historic neighborhood recently restored
as a night club and entertainment
district), the Channel District (which
houses another entertainment complex),
and downtown Tampa.
Nearby MacDill Air Force Base is
headquarters for U.S. Central Command
(USCENTCOM) and the U.S. Special
Operations Command (USSOCOM).
The Aircraft Operations Center of the
National Oceanic and Atmospheric
Administration (NOAA) flies "Hurricane
Hunter" missions from the base.
Tampa has more than 165 parks
and beaches covering 2,286 acres (9.25
square kilometers) within the city limits.
Tampa is also home to a number of
attractions and theme parks, including
Busch Gardens Tampa Bay, Adventure
Island, Lowry Park Zoo, and Florida
Aquarium. ION
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Longitudinal exhibit

A British coffeehouse of 1714,
where patrons
discussed the
prize for calculating longitude.

The Longitude Act
of 1714.
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serious debate, popular ridicule and single-minded
scientific endeavour. Ships, Clocks and Stars presents
the ingenious methods and instruments designed to
scoop the Board of Longitude’s £20,000 prize and
transform seafaring navigation forever.
The exhibit opens quite biblically - a seascape, no
landmarks execept the moon and stars. The visitor is
surrounded by what people had to work with at the
beginning of human navigation.
The high points of the rest of the exhibit include:
The Longitude Act. The original Longitude Act
resides in the Parliamentary Archives and hasn’t
been seen by the public . . . until now. The scrolling manuscript was loaned to the museum
specifically for this exhibit. The title, in
elaborate script, reads, “An Act for Providing
a Publick Reward for such Person or Persons
as shall Discover the Longitude at Sea.”
After a public campaign and debate in
Parliament, Queen Anne approved it on July
9, 1714.
Besides the manuscript sits a letter from
Isaac Newton. He advised Parliament on the
chances of success of various solutions to the
longitude problem. He said these methods were “true in theory, but very difficult
in practice.” The exhibit shows, through
objects, paintings, and videos, how these methods
worked (or claimed to work).
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Harrison’s Clocks
All five of John Harrison’s famous timekeepers — H1, H2, H3 and his magnum
opus, H4 — have moved from the Royal
Observatory Greenwich for the first time
in nearly 30 years. H5 is also on display,
loaned from the Worshipful Company of
Clockmakers.
Captain James Cook took Harrison’s
H4 on his second voyage to the South
Pacific, from 1772-1774, and proved the
new instrument could work. The exhibit
shows the sextant he handled and the
transit telescope he used for the transit of
Venus, as well as his chronometer.
John Harrison and the commissioners
struggled long and hard over his claim
to have developed a watch capable of
calculating longitude.
Harrison kept refining his clocks over
many years, visiting London every few
years and collecting £500 each time to support his
lifelong task of making amazing sea clocks.
By the time of his death in 1776 Harrison had
received more than £20,000 under the terms of
the Act.

John Harrison's famous clock, H4, that could
calculate longitude.

The Lunar Tables A hall is devoted to the scientists who developed the other methods of calculating
longitude. At exactly the same time that Harrison
was working on his clocks, new instruments - including the octant and sextant - and improved
astronomical tables made finding longitude by lunar
Summer 2014

Concurrently to John Harrison, Tobias Mayer
produced a lunar theory of navigation.

distances possible. Tobias Mayer of Gottingen did
what Newton failed to do: produced a lunar theory
good enough navigation.
(He was a self-taught German polymath who had
never even seen the sea.)

Observing Suit
Much like bicyclists and HazMat
workers today, astronomers in the
18th century seem to have had specific clothes for the job. On exhibit is
an elegant padded silk observing suit
that belonged to Royal Astronomer
Nevil Maskelyne, a leading judge on
the Board of Longitude and the person who tested Mayer’s tables.
Which social or scientific problems
could inspire such a spirited response
as a Longitude search in 2014? The
British government decided to find
out with a Longitude Prize II. Now
that GNSS and other systems and
applications can tell us where we are and how
to get there, the most pressing modern problem
seems to be how to stay alive long enough to go.
Antibiotics resistance research won the £10 million award. ION

National Maritime Museum

Longitudinal exhibit

Maskelyne's
observing suit

The British Navy was master of the seas in
1714, but plagued by accidents because of the
lack of an accurate method for determining
longitude.
To keep its leading position in the maritime world, the British Government offered
£20,000—$12 million in today’s dollars—for a
solution that could find longitude to within half
a degree (equivalent to two minutes of time).
One of the remarkable things about the
longitude story is that two practical solutions
were developed at the same time: a portable, accurate mechanical clock and the lunar distance
method.
Greenwich was central to the story. Royal
Astronomer Nevil Maskelyne demonstrated
the complementary nature of astronomical and
timekeeper methods, ultimately leading to the
successful determination of longitude at sea.
The Royal Observatory became a testing site
for marine timekeepers and the place at which the
astronomical observations needed for navigational
tables were made.

Summer 2014

Painting by Peter Monamy

THE PRIME MERIDIAN

This work eventually led to Greenwich becoming the home of the Prime Meridian, zero degrees
longitude for the world.
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Defense Matters

Sustaining U.S. Military PNT Advantage
T

he Joint Force has become accustomed to planning and training with continuously available
PNT information provided by GPS and relies upon
its continued availability to conduct operations. In
addition to this reliance at the operations level, the
interdependencies that exist among the various systems and subsystems supporting today’s warfighter
have generated equipment level GPS dependencies
within networks that become problematic when
GPS is unavailable. The growSince GPS became fully
ing awareness of dependencies on
operational in 1995, it has space-based PNT services has led
to a recognition that an adversary
become a ubiquitous and will very likely take steps to degrade or deny the benefits provided
indispensable source of
by GPS in future conflicts.
precise PNT information
To counter this disproportionate
for the warfighter.
reliance on space-based PNT services, complementary and alternative PNT sources are needed to assure continuity of
Joint Force operations during future conflicts.
This need was voiced loud and clear by the DoD’s
senior leadership at the ION’s June 2014 Joint
Navigation Conference (JNC) in Orlando, Florida.
In keynote remarks, Lt. Gen. John E. Hyten, Vice
Commander, Air Force Space Command, and Major
General Robert E. Wheeler, Deputy Chief Information Officer for Command, Control, Communication, and Computers and Information Infrastructure
Capabilities, Office of the Secretary of Defense,
stressed the U.S. military’s need for creating and
implementing an “Assured PNT” architecture.
Achieving and implementing a future “Assured
PNT” architecture for the warfighter will present a
number of challenges. It will require diverse approaches on how information is made available (e.g.,
more signals from space is not the answer), and it will
require investments in the equipment necessary to integrate various sources of PNT information to support
Doug Taggart
increasingly high tempo military operations. RefreshPresident
ing/upgrading PNT equipage for the Joint Force is a
Overlook
significant challenge, both technically and fiscally.
Systems
In my view, one of the most critical components
Technologies, Inc.
of achieving assured PNT is to continue investments
in national security related Research and Development (R&D) activities.
ION Newsletter
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Looking to the future on DoD R&D budgets, I
note the introductory remarks provided by the Defense Subcommittee chairman, Senator Dick Durbin
(D-IL), during a markup of the 2015 Department
of Defense Appropriations Act, held on Tuesday,
July 15, 2014. Senator Durbin stated, “For decades,
Department of Defense technologies have revolutionized
the world. Many of these breakthroughs began as a novel solution to a military problem. Our troops needed to
know precisely where they were on a map, and the GPS
system was built to provide that answer. Now those
satellites are integral to our phones, cars, and even the
banking networks that link automatic teller machines.
But we are at risk of losing our leadership role through
neglect. Under Secretary of Defense Frank Kendall has
warned the nation about its eroding military edge. He
has warned that the U.S. is becoming, quote, “complacent.” Other nations realize that investments in R&D
are critical to national security and to their domestic
economies.”

Lt. General John E. Hyten

GPS will remain the cornerstone of U.S. military
PNT for the foreseeable future, but GPS enterprise
vulnerabilities and limitations warrant continuation of GPS modernization initiatives to develop
and employ means to better protect GPS signals
and counter adversary threats to them. Known
GPS vulnerabilities also warrant investments in use
of complementary radionavigation signals as well
as non–RF capabilities such as miniaturized timing sources, inertial navigation systems, and other
autonomous technologies integrated with GPS in
future DoD systems.
Summer 2014

ION JNC 2014 in Review

AFSPC Vice Commander Hyten
Highlights Joint Navigation Event
Don Jewell

As one of the largest users of military
GPS capabilities, the U.S. Army has undertaken an initiative through the Army
Product Director, Positioning, Navigation, and Timing (PD PNT), to develop
and implement a System-of-Systems
Architecture (SoSA) for Assured PNT to
satisfy Army PNT requirements affecting
future mission execution.
As conveyed at the JNC during the
noted keynote remarks, the Army’s SoSA
initiative has found favor with DoD
leadership and is directed toward an
integrated PNT environment comprising
multiple sources of PNT information,
and enabling tailored levels of assured
PNT capability, in accordance with varying system and mission requirements for
precision, endurance, and resiliency.
It may very well turn out that the
Army’s SoSA initiative will serve as the
model for the rest of the DoD by facilitating integration of modernized GPS capabilities such as M-Code into hundreds
of DoD systems across the Joint Force.
This initiative may also enable the DoD
to implement consistent Assured PNT
certification procedures to ensure future
weapon system performance enabled
by PNT is sustained across the range of
threats and mission profiles for which the
weapon system is designed.
Coupled with an investment in R&D,
these outcomes could ensure more resilient PNT access, not only for the current
DoD force structure, but also for the
next generation of weapon systems and
warfighters. Time will tell how successful the DoD is in sustaining the PNT
advantage. ION
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JNC notables (from left): Jim Doherty, Military Division Chair; plenary speakers, Capt. Brian Connon, Superintendent of the Naval Observatory,Dr. Stephanie
Thompkins, Director, Defense Science Office, DARPA; Gen. John Hyten, Commander, Air Force Space Command; and William Bollwerk, JNC Plenary Session chair
and organizer.

S

everal pleasant surprises popped up
at this year’s Institute of Navigation’s Joint Navigation Conference (ION
JNC) in Orlando, Florida, and the best
by far centered on the presenters and the
attendees. In a change from recent years
due to budget restrictions, this year two
senior Air Force generals attended and
actively participated in several events.

General (S) John E. Hyten (USAF),
currently the Vice and soon to be the
Commander of USAF Space Command (AFSPC), participated in two days
of ION JNC and was featured as the
keynote speaker on the second day of the
plenary session. As a senior steward of
the Global Positioning System, indeed
for all USAF Space Systems, General
Hyten has a special place in his heart for
7

GPS, having served as the Commander,
50th Space Wing, Schriever AFB in
Colorado, the home of GPS.
The 2nd Space Operations Squadron
is a component of the 50th Operations
Group, 50th Space Wing, Schriever AFB,
CO. The squadron was activated Jan. 30,
1992.
Conference attendees were pleasantly
surprised with the access they had to
General Hyten as he toured exhibits and
joined fellow attendees for lunch, presentations, and discussions in the hallways.
General Hyten made it clear that he was
there to interact with ION JNC attendees
and welcomed everyone to engage him in
conversation. A rare invitation from a very
busy general officer with huge responsibilities — and an invitation that many
attendees clearly took to heart, as General
Hyten was continually engaged in discussions during his two-day stay.
In his plenary presentation, General
Hyten addressed GPS and the general
lack of knowledge in the public today
concerning the origins of the system.
Hint — the answer is the United States
Air Force. More on that later.
ION Newsletter
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Major General Robert Wheeler (call
sign, Wheels) also attended ION JNC
this year to speak during the classified
day on June 19 and to participate as an
ad hoc member of the always-popular
War Fighter Crosstalk Panel. General
Wheeler currently serves on the staff of
the Secretary of Defense (SECDEF) as
Deputy Chief Information Officer for
Command, Control, Communications
and Computers (C4) and Information
Infrastructure Capabilities (DCIO for
C4IIC). He is a command pilot with
more than 5,000 hours in multiple
aircraft, including the B-2 bomber in
which he saw combat time over theater.
It was obvious from his initial comments in the classified sessions that
General Wheeler is a warrior and staunch
supporter of GPS and all things PNTrelated. As much as I would like to relate
some of his more pithy remarks, they
were made in a classified environment;
so, sharing them is impossible in this
venue. However, suffice it to say the
general’s comments were well received
ION Newsletter

by the war fighters who attended as well
as the classified session attendees, which
included many of our closest international allies.
The comment was made several
times in my hearing that “We sure hope
General Hyten and General Wheeler are
invited back again next year.”
If all goes according to plan, General
Hyten will be a four-star and a MAJCOM Commander in just a few weeks.
If he thought he was busy before. . . .
GPS: Ubiquitous, Free, Little-Known
Now let’s utilize that sage observation
as a segue to General Hyten’s plenary
remarks at this year’s ION JNC. Having
known John Hyten for over 20 years, it
has always been my experience that he
does things just a bit differently — he
hears a slightly different drumbeat and
this year’s plenary speech was certainly
no exception. Right from the start this
speech was a bit different.
General Hyten warned his audience
that he was going to praise them for their
8

hard work and then gently admonish
them . . . but in a good way. With that
opening statement he certainly had everyone’s attention. General Hyten asked
for a show of hands from those attendees
who knew that GPS originated with the
USAF, the 50th Space Wing at Schriever
AFB and particularly the 2SOPS (2nd
Space Operations Squadron).
In the GPS/PNT-savvy audience Gen.
Hyten was addressing, literally every
hand went up, and that was evidently
what he hoped to see. The response was
not a surprise to anyone; however, the
general went on to make the point that if
he went out into the general population
in the Renaissance Hotel at SeaWorld he
would be lucky to find one in ten who
even knew what GPS stood for, and that
it came from space. And almost none
would know that it was, is, and will for
the foreseeable future always be provided
free of charge to global users courtesy of
the USAF.
GPS has been provided by the USAF
free of charge for global users ever since
Summer 2014

President Ronald Reagan declared it
so via a Presidential Decision Directive
issued in 1988 shortly after the Soviet
military shot down a Korean Air airliner
(Flight 007) that had strayed off course
and into Soviet airspace due to a navigation error.
Ironically, General Hyten made
the point that if the U.S. government
charged for use of the GPS signals, even
at a nickel (5 cents) per user per device
per year, it would pay for itself, and
everyone would know that the USAF
provided the service on behalf of the
U.S. Government.
However, since it is free, ubiquitous,
and considered almost a utility today,
everyone around the world just assumes
it will always be there and they don’t
think about how or why the signals are
provided. GPS is just always there.
General Hyten went on to make several cogent points concerning current and
future use of GPS and other PNT assets.
At the same time he warned us that there
are those in the Pentagon . . . who erroneSummer 2014

ously question why we still need GPS
today. They myopically see it as an antiquated, compromised system. When in
fact GPS and multi-GNSS PNT systems
are on the cutting edge of technology.
The general made the comparison
with WWII bombers that were being
shot down at an alarming rate until the
War Department (circa 1943) started the
practice of using fighter escorts to help
them fight through and return home
safely. The analogy applies to GPS, which
even today is being purposefully and at
times maliciously attacked by spoofers
and jammers.
Augmentations
Fortunately there are numerous actions
that can and are being taken to secure
GPS as a critical global service — fighter
escorts if you will — that will not only
help GPS maintain its preeminent Gold
Standard position in the world of global
PNT, but allow the system to grow and
mature, even flourish, with additional
high tech capabilities such as CNAV
9

and MNAV (new civilian and military
navigation messages).
Indeed the general stated that we have
just begun to explore all the transformational capabilities being added to our
GPS/PNT and multi-GNSS arsenal with
the addition of L1/L2 M-Code (military
code) and L2-L5 CNAV signals.
Of additional interest are space-based
augmentations (SBAS) such as WAAS
(Wide Area Augmentation System)
and EGNOS (European Geostationary
Navigation Overlay Service) as well as
independent regional terrestrial augmentations and backups such as E- and DLORAN (long range navigation), which
today have demonstrated a time stability
of 1×10–12 and a position accuracy of
5-10 meters, an order of magnitude better than LORAN C’s 50-1,000 meters.
General Hyten went on to warn the
commercial PNT vendors and government program managers in the 400+
audience that they must cease placing
commercial GPS receivers in critical
government systems that support the war
ION Newsletter
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fighters, government users, and our critical national infrastructure. Indeed, he
said this is why we have SAASM (Selective Availability Anti-Spoofing Module)
and M-Code: to help secure these critical
systems against interference, jamming
and spoofing, intentional or otherwise.
The general also pleaded with industry manufacturers and vendors of PNT
devices to build their devices in strict
adherence to the U.S. government’s ICD
process. While the general declined to
mention specific cases or companies,
most in the room were aware of the
ramifications of ICD non-compliance,
from usefulness, mission, and financial
perspectives.
The general cited several known
cases where, due to noncompliance,
several systems just never did work well
or consistently in a war zone. He said
he knew of cases where “. . . the PNT
systems worked fine in Yuma, Arizona,
but failed to work in Afghanistan. Please
do not put commercial systems in critical
military equipment.”
Pseudolites
Pseudolites are another area where the
general has concerns. This is of course a
hotly debated spectrum issue. Whereas

we in the United States have been fighting highly-publicized spectrum battles,
attempting to preserve the sanctity of the
GPS spectrum globally, the Europeans
are on the verge of approving pseudolite
implementations all over the European
continent that could seriously degrade
GPS/PNT/Galileo signal reception and
make PNT systems unusable or at least
undependable in some critical areas, especially around the approaches to airports.
Although on the surface pseudolites
may seem like a good solution, I always
remember what Dr. Bradford Parkinson
is fond of saying: “An improperly implemented pseudolite is just another name
for a potential GPS or PNT jammer.”
Thanks
In closing, I tip my hat to Lisa Beaty,
the executive director of ION, and her
entire team, especially the new Military
Division headed by my good friend and
Institute for Defense Analyses (IDA)
colleague Jim Doherty. Jim arranged the
classified Cross Talk Military Panel this
year, which was the hit of the show, as it
has been under Jim’s leadership for the
past several years.
Jim stepped down this year as the
Military Division Chair during the ION

JNC symposium, and he will be sorely
missed, although I suspect he will still be
involved in some fashion.
The bottom line is that the ION
symposia just keep getting better every
year. The venues and the host hotels are
first class, the food is excellent, and —
most of all — the speakers and papers
presented are scrubbed to the point that
you really only get the cream of the crop.
Unfortunately, you can’t say that about
every GPS/PNT symposium today.
This year the exhibitors were in a large
area that allowed everyone more room,
and it made for a much more relaxed
atmosphere in the exhibit area. I found
that I spent a great deal more time with
the exhibitors this year than in years past,
and what I discovered there will be the
subject of several future columns.
Until next time, happy navigating and
remember, GPS comes to you courtesy of
the United States Air Force.
Aim High! ION
Don Jewell is contributing editor for
defense for GPS World. These comments,
used with the permission of GPS World,
were part of a July 9 column posted about
this year’s Joint Navigation Conference.
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Jim Doherty, left, receives plaque recognizing his efforts with the ION Joint
Navigation Conference and Military Division, from incoming division chair
Jan Anszperger.

Changing of the Guard

Doherty Honored for ION JNC,
Military Division Role

D

uring the Joint Navigation Conference (JNC) 2014 conference, Jim
Doherty was recognized for his years of
service as the ION’s first Military Division chair.
Doherty, an Institute for Defense
Analyses researcher, has been involved
with the Institute of Navigation’s JNC
for the past number of years, having
been one of the primary organizers of
the JNC’s warfighter cross-talk panel.
The panel, part of the classified section
at JNC, has become known for educating PNT professionals on advances
in battlefield and homeland security
applications of GPS, critical strengths
or weaknesses of fielded navigation
devices, warfighter PNT requirements
and solutions, and navigation warfare.
In April 2012, the Institute of
Navigation appointed Doherty as the
first chair of the newly organized ION
Military Division, now the sponsor of
this conference. As chair of the Military
Division, and with the cooperation
of Paul Olson, former JSDE Chair
and numerous other dedicated DoD

Summer 2014

Military Division government liaisons,
Doherty is credited with helping to
shore up the newly organized division, creating its bylaws, and providing
leadership to further the Guidance,
Navigation and Control (GN&C)
capabilities of the U.S. Department of
Defense (DOD) and the Department
of Homeland Security (DHS) through
the organization and execution of the
JNC program. His efforts have helped
ensure the vitality of the organization
through continued participation of
experienced volunteers and the infusion
of new enthusiastic talent.
So, it was with deep gratitude that
Jan Anszperger, incoming Military
Division chair, presented a plaque of
appreciation to Jim Doherty, who has
set a precedent for the division’s future
leadership for many years to come. At
the conclusion of the JNC, the reins
were turned over to Anszperger (C.S.
Draper Laboratory) and Elliott Kaplan
(The MITRE Corporation), who has
been appointed as the vice chair of the
division.
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From the ION Historian, Marvin May

Ring Laser Gyro Inertial Navigation

Lifestyle of a Robust Technology, Part III
This is the third in a series of three articles that explore the research, development, implementation
and maturation of the prevalent inertial navigation
system aboard U.S. and NATO surface ships and
submarines: the Ring Laser Gyro Navigator, often
referred to as the MK 49 Ship’s Inertial Navigation
System or in the U.S. Navy’s parlance, the WSN7/7A. This article continues
with the analogy between
the long life of an inertial
navigator and a person. How
the mature RLG technology
coped with middle age and
beyond is the subject of this
conclusion to the series.

M

Ring laser gyro
at MAKS-2011
airshow
Photo by James Nockson,
Wikimedia Commons

Marvin B. May is
Chief Navigation
Technologist at
Pennsylvania State
University’s Navigation Research and
Development Center in Warminster,
Pennsylvania. His
email is <mbm16@
arl.psu.edu>.
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iddle age is often defined
as that phase of life after
young adulthood but before
the onset of old age.
By the early1980s, the ring
laser gyro (RLG) had already
experienced a notable young adulthood, having
spawned a family of gyroscopes, attitude sensors,
and inertial navigators that dominated the avionics
and munitions grade markets. The technology was
so successful that most of the major inertial sensor
companies, including Honeywell, Kearfott, Sperry
Gyroscope, Litton, Rockwell/Autonetics, Marconi,
and Sagem, featured RLG technology in their product lines.
With success and middle age, however, comes
restlessness as one becomes aware of mortality and
yearns to establish a legacy for future generations.
The people and companies who only decades before
had conquered the new technologies of quantum
physics, fast computational algorithms, thermal
stability of ceramics, and challenges of magnetically
coated mirrors were keenly aware of the dangers of
stagnation and the inevitable march of time and
technology.
RLG technology still had plenty of challenges
such as space navigation with its emphasis on reliability, self-healing, and fault-critical architecture.
Consider, for example, the highly redundant, clustered six-degree-of-freedom demonstration system
12

built by Sperry Gyroscope for National Aeronautics
and Space Administration’s deep space missions.
But the key prize and factor that would fortify
a lasting legacy would be for the RLG to capture
the prestigious, high-accuracy ship and submarine
market. This would require at least an order of
magnitude improvement in inertial navigator performance, but there were the redeeming factors that the
size, power and cost for ship applications could also
increase similarly.
Building a Shipborne INS
There were two fundamental ways that the ship
requirements for an RLG-based inertial navigation
system (INS) might be met:
1. Maintain the strapdown mechanization, but
populate it with gyroscopes that were beyond the
state of the art for RLGs in the mid-1980s.
2. Forfeit the advantages of a pure strapdown
mechanization, and incorporate gimbals which
would reorient the gyroscopes, continuously or
periodically, with respect to the geographic frame,
such that the effects of residual gyroscope bias
drifts would not accumulate monotonically.
The theory of the Sagnac effect dictates that
size matters for RLGs. The necessity for large size
principally arises from a fundamental limit of optical
gyroscopes that causes drift white noise due to the
spontaneous emission of photons. The magnitude of
this drift white noise is inversely proportional to the
cavity path length and, therefore, to the size of the
gyroscope.
At the visible red wavelengths an RLG with about
a 30-inch perimeter would theoretically have a quantum limit of white noise drift of about 200 microdegrees per root-hour. Assuming the white noise drift
was the only error source, then the 200 microdegrees
per root-hour drift would result in an angular error
of 2 millidegrees or 222 meters in 100 hours. This
was considered more than adequate for the system
requirements.
Another factor, bias drift stability, and its related
characteristic, turn-on repeatability, particularly
for the envisioned strapdown configuration, were
considered more challenging. Bias drift stability
encompasses many issues, including gas flow, aperSummer 2014
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ture effects, mirror effects, mechanical
block stability, transducer mirror tilt and
electronics.
The potential gains in stature and fortune, two key elements for a middle-ager
desperate to burnish its legacy, were so
attractive that several companies worked
on both approaches. The middle-aged
RLG teams were reinvigorated with
an energy not seen since their young
adulthood. Sperry Gyroscope had been
manufacturing relatively low-performing
laser gyroscopes, which operated in the
wavelength range of 1,136 nanometers.
In the mid-1980s they started developing laser gyroscopes operating in the
visible red region of 632.8 nanometers.
This smaller wavelength combined with
other improvements in the magnetooptical mirrors enabled them to address
the markets for higher-end applications
including shipboard navigation.
Sperry built a prototype of a 30-inch
perimeter gyroscope, which performed
in accordance with the theoretical scaling
laws. Unfortunately, management decisions complicated by imminent corporate takeovers and mergers led to the
termination of research and development
of gyroscopes at the company, which had
been a pioneer in the industry.
Honeywell also pursued developing
their largest RLG, the GG1389, also
with a perimeter of almost 30 inches.
The 1389 RLGs were tested in 1982
at the inertial facility of the Naval Air
Development Center in Warminster,
Pennsylvania, which is now the home of
Pennsylvania State University’s Navigation Research and Development Center. Notwithstanding test results being
generally favorable, the GG1389 never
did transition to the fleet, and an RLG of
this size is not believed to have ever been
deployed.
Although the large RLG efforts did
not pan out, opportunity for surface
ship applications struck in the form of
a North American Treaty Organization (NATO) project. In 1981 a draft
STANAG 4189 NATO Interoperability
Requirement for a Low Cost Shipborne
Summer 2014

The Honeywell Ship Laser Navigator (SLN)system was tested at sea aboard the
USNS Vanguard during late 1985.
U.S. Navy photo

Inertial Navigation System (SINS) was
signed by eight nations. By 1985, membership had declined to four nations: the
United Kingdom, Canada, Netherlands,
and Spain, with the United States controversially dropping out from the collaborative procurement but maintaining a
role as an observer. This group agreed to
work collaboratively towards a procurement for a state-of-the-art, RLG-based
surface ship inertial navigator.
Meanwhile demonstrations of the
second approach for using RLGs for
long-term navigation — employing a
gimbaled mechanization — were being
demonstrated in surface ship trials. The
primary obstacle associated with a pure
strapdown mechanization was that, in
the absence of ship maneuvers, any residual gyroscope constant or slowly varying
gyroscope drift biases that remained after
a dockside calibration would accumulate into an unbounded position error,
mainly manifested as a ramp in longitude
error.
The gimbaled approach, in contrast
with earlier inertial navigation mechanizations that necessitated precise torqueing of the platforms, maintained many
of the benefits of a strapdown mecha13

nization, while enabling cancellation
of some of the position error growth
due to residual gyroscope biases. This
new technique, referred to as strapdown
inertial sensing unit rotation (SISUR), was
adopted by both Honeywell and Sperry
Marine (a spinoff of Sperry Gyroscope).
Honeywell modified an avionics strapdown inertial navigator, which incorporated their workhorse GG1342 RLG,
by incorporating a gimbaled two-axis
indexing mechanization. Designated the
Ship Laser Navigator (SLN), this Honeywell system was tested at sea aboard the
USNS Vanguard during late 1985. The
promising results from this test further
encouraged the NATO SINS effort.
Sperry Marine, in a somewhat analogous
fashion, experimented with incorporating its developmental RLG15 gyroscopes
into features of its Mk 29 Mod 1 marine
inertial navigators.
MARLIN Arrives
By 1986, Sperry Marine and Honeywell
joined forces to incorporate the best
features of each of their RLG marine
inertial navigator developments and
compete for the imminent NATO SINS
solicitation. They named the new system
ION Newsletter
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MARLIN for Marine Ring Laser Inertial
Navigator.
The MARLIN incorporated two-axis
gimbaled indexing using a SISUR mechanization. All major gyro error sources,
except for gyroscope white-noise random

Old people and
old gyroscopes do not
get retrained. They have
to learn to die gracefully.
drift (angular random walk), are averaged
out and calibrated. This provides excellent position accuracy endurance beyond
the normal reset period. The SISUR
mechanization enabled the use of Honeywell’s high-production, high-reliability,
low-cost aircraft GG1342 gyros directly
off the production line.
More than 8,000 of these gyros had
already been built prior to 1987, demonstrating close to 100,000 hours mean
time between failure (MTBF) in millions
of commercial flight hours. The accelerometers employed (Sundstrand QA2000) were identical to those previously
used in each of the earlier Honeywell
and Sperry systems. The high production rates of the gyros and accelerometers
translated into low cost and low risk,
two crucial criteria for the NATO SINS
procurement evaluation.
Five contractor responses to the
NATO SINS request for procurement
were received in June 1988. By the end
of 1988 the NATO SINS evaluation
committee, with representatives from
Netherlands, Canada, UK, France,
and the Federal Republic of Germany,
identified the two leading contenders as
Ferranti/Sperry Marine and Rockwell/
Autonetics.
In the spring of 1989 the competitive systems were trialed aboard ships
from the member countries. The Ferranti/Sperry Marine RLG SINS went
to sea aboard the Royal Dutch Navy’s
Research Vessel Tiedemann. In late 1989
the remaining NATO SINS committee
ION Newsletter

countries (Spain, The Netherlands, and
The United Kingdom) awarded Sperry
Marine a contract to build the NATO
SINS. Canada had withdrawn from the
committee and in its observer role, the
United States did not participate in the
procurement.
The NATO SINS was a parallel
development of a product known as the
MK49 RLG SINS. The differences between the MK49 and NATO SINS were
predominantly in the interfaces required
by NATO. As recorded in Sperry Marine’s Wikipedia entry, in 1992, Sperry
Marine was awarded a contract by the
Transfield Shipbuilding Company for
provision of the MK49 to the 10-ship
class of the Anzac class frigate (eight for
Australia, two for New Zealand). This
new generation of shipboard laser gyro
navigators was capable of position accuracy endurance of better than 1 nautical
mile radial per day which is longer than
the previous SINS, with the expectation of much greater reliability, and with
reduced cost, size, weight, and power
burdens.
The U.S. pullout from the NATO
SINS procurement in 1985 remains
to this day as somewhat of a mystery,
replete with international intrigue and
domestic politics; however, it was apparent that a superior performing version
was desired that might also fulfill its
attack submarine objectives. The goal
was to replace their high maintenance
cost Electrostatic Gyroscope Navigator,
WSN-3, that was on the attack submarines while also replacing the WSN-5
mechanical gyroscope navigator that
was on the surface ships, with logistically similar units.
A competitive low rate initial procurement was awarded to Sperry Marine in
January 1995. Sperry Marine proposed a
similar unit to the Mk 49, but now with
Honeywell 1342 RLGs that were “cherry
picked” for improved performance.
Operational tests were performed on a
destroyer-cruiser surface ship in November 1996 and on an attack submarine in
August 1997.
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Initial full rate production and followon full rate production contracts were
awarded to Sperry Marine in February
1998 and August 2002, respectively. By
2007, almost all of the U.S. surface ship
combatants and attack submarines were
equipped with the WSN-7 and WSN-7A
Ring Laser Gyro Navigators (see accompanying figures), respectively.
In 2014, most of the free world’s airplanes and ships have the ring laser gyro
navigators that were dreamt of by pioneers like Sagnac, Macek, and thousands
of other engineers and scientists.
As with people, gyroscope age brings
on inevitable issues of obsolescence and
sustainment. Cataracts dim old people’s
eyes; outgassing eventually causes laser
gyroscope’s beams to dim. Arthritis
invades the joints of the aged, and
oxidation eventually misaligns gimbal
isolators.
The new kids on the block, MEMS
gyroscopes, have begun to usurp the
dominance of the RLGs in the tactical
and munitions markets, while the fiber
optic gyroscope (FOG) is intruding into
many avionics and ship applications.
Old people and old gyroscopes do not
get retrained; they have to learn to die
gracefully — in the words of William
Shakespeare’s Richard III, “So wise so
young, they say, do never live long.”
Author’s Note: Considerable portions
of this article were drawn from:
1. “History of Ring Laser Gyroscope
Development at Lockheed Martin
(Formerly Sperry)” John Abdale, Vincent Benischek, and Warren Macek,
ION 57th Annual Meeting and the
CIGTF 20th Biennial Guidance Test
Symposium, June 11–13, 2001, Albuquerque, New Mexico
2. “Accuracy Enhancement Techniques
Applied to the Marine Ring Laser Inertial Navigator (MARLIN),” Emanuel Levinson and Robert Majure,
NAVIGATION, Vol. 34, No.1 Spring
1987 ION
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Paul Benshoof
ION New Mexico Section Chair

O

n July 4, the New Mexico Museum
of Space History in Alamogordo,
New Mexico, unveiled a new exhibit that
educates and informs the general public
about New Mexico’s contributions to
advances in inertial guidance and navigation technology. The ION New Mexico
Section worked with the museum to
prepare the new exhibit.
Over the last two decades, the Global
Positioning System (GPS) has practically

become a household word, enjoying its
position as the world’s “gold standard”
for positioning and navigation applications. However, many people tend to
forget — or perhaps never knew in the
first place — how vehicles such as ships,
aircraft, submarines, missiles, and
spacecraft navigated before GPS
became fully operational in 1994. To
a large extent, this was accomplished
through inertial navigation.

Ron Keller, New Mexico Museum of Space History

Wikimedia Commons

Inertial Navigation Exhibit
Highlights CIGTF Role

Inertial navigation, which depends
upon Newton’s laws of classical mechanics, is the only form of navigation that
does not rely on external references, such
as satellites. An inertial navigation system
(INS) uses a computer, motion sensors
(accelerometers), and rotation sensors
(gyroscopes) to continuously calculate
the position, orientation, and velocity of
a moving object.
American rocket pioneer Robert Goddard experimented with rudimentary
gyroscopic systems, which were also of
great interest to contemporary German rocket pioneers including Werner
von Braun. The systems entered more
widespread use with the advent of spacecraft, guided missiles, and commercial
airliners.
The mission of the New Mexico
Museum of Space History is to educate
the people of that state and visitors from
around the world in the history, science,
and technology of space. The museum
stresses the significant role that the
state of New Mexico has played in the

With the assistance of ION New Mexico Section, a new exhibit at New
Mexico Museum of Space History records the history of inertial guidance
and navigation.
Summer 2014
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development of the U.S. space program
through collecting, preserving, and interpreting artifacts relevant to the history
of space. The museum also houses the
International Space Hall of Fame, which
in 1976 inducted Charles S. Draper, the
“Father of Inertial Guidance,” as one of
its first members.
Among the New Mexico agencies that
played a significant role in advancing
the U.S. Space Program is the Central
Inertial and GPS Test Facility (CIGTF),
located at Holloman Air Force Base adjacent to Alamogordo where the museum
resides. Interestingly, few people — even
those who have grown up in the Alamogordo area — realize how extensive
CIGTF’s role actually was.
Enter CIGTF
Back in 1959 as the “space race” was beginning and the Cold War was escalating,

the Air Force recognized a need for a guidance and navigation test and evaluation
facility. With nearby assets such as White
Sands Missile Range and the Holloman
High Speed Test Track already in place,
the Air Force selected Holloman Air Force
Base to take on this mission, and the
“Central Inertial Guidance Test Facility”
was born. After the advent of GPS, the
organization became the “Central Inertial
and GPS Test Facility,” which is also
known in the USAF command structure
as the 746th Test Squadron.
Initially, the sole purpose of CIGTF
was to test U.S. missiles and spacecraft
guidance systems. It supported notable
developmental test missions, including
the Apollo program and Peacekeeper
intercontinental ballistic missile (ICBM)
system. Today, the 746th Test Squadron
has expanded its focus to testing and
evaluating the most advanced GPS and

inertial navigation systems in the world.
These activities have made measurable
contributions toward numerous defense
and space efforts, ranging from testing
precision ICBM boost-phase guidance
systems to evaluating performance of the
Hubble Space Telescope’s gyroscopes.
The museum’s inertial navigation
exhibit features several engaging graphics and videos that explain how inertial
navigation works and why it is important. A historical timeline then traces the
technology from its first recorded use
in 1743 through its current manifestations in micro-electromechanical systems
(MEMS) that enable inertial sensors to
reside in today’s commercial products,
such as mobile telephones and electronic
gaming systems.
Along the way, the timeline highlights
world events during the Space Race and
Cold War that drove inertial navigation to
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Small Intercontinental Ballistic
Missile, later
cancelled, and
tested in CIGTF’s
centrifuges at
Holloman; and
(2) the Litton
LN-100 which is
At the inertial navigation exhibit, from left: George Mellen, Flight
used in the F-22
Chief, 746th Test Squadron; Paul Benshoof, Chair, Southern NM
ION Section; Dylan Benshoof, Eagle Scout, Troop 958; USAF Lt Col
Raptor fighter and
Clinton Armani, Commander, 746th Test Squadron
Global Hawk and
Predator unmanned aerial vehicles and
be more accurate, as well as how CIGTF
was tested at CIGTF in the F-22 Global
responded to these events to ensure that
Inertial Navigation System test program.
advanced inertial components were meet(See the Historian column in this issue for
ing more stringent requirements.
further details on RLGs.)
The exhibit includes two ring laser
The exhibit also displays several other
gyros (RLGs): (1) the Litton LG 40-1
significant inertial artifacts, including the
— named for its 40-centimeter light
V-2, Able, Thor, Atlas and Titan guidance
path (four sides x 10 centimeters each =
systems, CIGTF test equipment, and the
40 centimeters or about 15.7 inches) —
Primary Guidance, Navigation and Conwhich was designed for the Midgetman

trol System (PGNCS) unit that actually
flew on Apollo missions 13, 14, 15, and
16, as well as Skylab missions 2, 3, and 4.
The exhibit was conceived and implemented over a two-year period in cooperation with the museum, the 746th
Test Squadron (with its participation
led by Brandi Wong), and the Southern
New Mexico Section of the Institute of
Navigation.
Additionally, Boy Scout Eagle candidate Dylan Benshoof from Troop 958 in
nearby Cloudcroft, New Mexico, oversaw
the design, construction, relocation, and
final preparations of the exhibit’s elaborate
display case. His efforts on this project led
to the award of his Eagle Scout rank in
January.
In the coming months, the team will
construct another museum exhibit that
highlights New Mexico’s contributions to
GPS. ION

PT TI
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Montreal, Quebec

GPS HURTS YOUR BRAIN!

A

Canadian scientist suspects that relying on GPS might be
bad for your brain. People use two navigation strategies.
One is spatial — making a mental map of landmarks and the
relationship between them. The other is “stimulus-response,”
or that strange absent-minded phenomenon where you
automatically go in a certain direction without knowing why.
It turns out if you use your GPS all of the time to find your
way, you don’t build those maps, and the results show up in
your hippocampus. (If you are under 50, you can stop reading
now.) For older adults, the spatial strategies correlated with
the gray matter (good stuff) in the hippocampus and “only
the people who used spatial strategies showed significant MRI
activity in the hippocampus during a virtual navigation task
that allowed for both spatial and response strategies.” So, get
out those maps and look at the signs, people. <http://www.
douglas.qc.ca/news/1072>

Nottingham, UK

IS UBIQUITOUS POSITIONING
A PIPEDREAM?

T

erry Moore, Galileo expert and director of
the Nottingham Geospatial Institute, talks on
Ubiquitous Positioning: A Pipedream or Reality?
September 24 at the University of Nottingham.

London, UK

Tampa, Florida

TIME FOR NAVIGATION IN
THE CHRONOMETER AGE

GPS Update From
Those in the Know

A

n October 9 lecture at the Royal Geographical Society tells the intriguing story of how
navigation officers and watchmakers formed a
technological and social network of standardized
time distribution in the 1830s. The speaker is
David Rooney, Curator of Time, Navigation and
Transport at the Science Museum, London.

ION Newsletter

T

he Civil GPS Service Interface Committee
meeting held just before ION GNSS+ 2014
gives the lowdown on GPS from the Air Force,
Coast Guard, State Department, Homeland
Security and others, plus a keynote by the director
of requirements, USAF Space Command. Free and
open to the public. September 8 and 9.
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Testing at the National
Advanced Driving Simulator
at the University of Iowa.
NADS image

Iowa City, Iowa

Denver, Colorado

DRIVERLESS CARS
STREET LEGAL IN IOWA!

THE TWO AMELIAS

melia Rose
Earhart, a
private pilot and
former television news
presenter from Denver,
Colorado, retraced her
namesake’s 1937 solo
transcontinental flight
in 2012. In July, the
31-year-old flier became
Amelia Rose Earhart
the youngest female in
Wikimedia Commons
a single-engine plane to
circumnavigate the globe. The modern Earhart left Oakland,
California, the morning of June 26 in a Pilatus PC-12NG
with her copilot. They made 17 stops during the 24,300
nautical-mile trip over 108 flying hours, landing back in
Oakland on July 11.

A

college town in eastern Iowa is the first to say
“yes!” to driverless cars. Iowa City is the home
of a major research university and the National
Advanced Driving Simulator (NADS), which has
been working on autonomous vehicles for 20 years.
On July 24, county supervisors affirmed that they
wanted to encourage the research and bring in more
jobs and tech companies; so, they said, “OK, lets
put ‘em on the road.” Johnson County may be the
perfect place to test the future of American driving—
mildly rolling terrain, wide village streets, empty
country section roads, unflappable citizens and lots
and lots of cornfields. To see the NADS Virtual Iowa
City video, go to <http://www.nads-sc.uiowa.edu/
media.php>.
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European Southern Observatory, LaSilla, Atacama Desert, Chile

ION Online

Jeju Island, Korea

WHERE IS HERE?

CLOUD PNT IS COMING

C

T

urious about navigation? The ION makes 10
approved lessons on navigation available free
to science and math teachers, scouting or camping
groups of middle school learners. Link to <http://
ion.org/outreach/lesson-plans.cfm> for downloadable lesson plans. They start with basics of
longitude and latitude, maps and compasses, then
celestial navigation and dead reckoning, and end
with the wonders of finding a way through deep
space.
Among many activities, students look at star
trails (see photo), which use long exposure times
to capture the trails traced by the stars due to
Earth’s rotation on its axis. Northern viewers see
concentric streaks centered around the north
celestial pole, close to Polaris. Southern viewers
aim their cameras south and see the same vision
centered on the south celestial pole.

he International Symposium on GNSS 2014, emphasizing GNSS developments in Asia and the concept of Cloud
PNT, will be held at Jeju Island on October 21–24. The Korea
GNSS Society sponsors it. The island is a Biosphere Reserve,
UNESCO World Heritage Site and a Global geopark. <http://
www.gnss.or.kr/workshop/workshop01.php>

Jeju island.
UNESCO photo
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Palo Alto, California

HUMMINGBIRD vs.
BLACK HORNET NANO

B

irds still hold the flight championship, but the most
sophisticated nano-robots are beginning to offer heavy
competition. A new study proved that the Anna’s Hummingbird — a stocky hummer with slim wings — beats the
16-gram Black Hornet surveillance drone in flying efficiency.
However, between the drone and other hummingbird species,
it’s too close to call.
Stanford researchers from its Bio-Inspired Research and
Design lab (BIRD) studied efficiency vs. drag in various wing
configurations. Stanford news service said the experiment involved spinning wings from a museum collection on a machine
designed to test helicopter blade dynamics and then retesting
using ProxDynamics Black Hornet autonomous microhelicopter blades. Birds, of course, are still better at visual acuity,
maneuvering in less than ideal situations, and other challenges
of getting from here to there.

Hertfordshire, UK

THE CASE OF THE
DISAPPEARING PAINTED LADY

igh-altitude insect-monitoring radar and 10,000 citizen
scientists figured out where flocks of the lovely painted
lady butterfly went when they disappear from Britain each year.
Many people believed
that the apparently delicate creatures died.
Not so.
In groups as large as
hundreds of thousands,
they fly just high enough
to disappear from human sight, descending
occasionally. It can take
six generations for them to complete a 9,000-mile round trip
from sub-Saharan Africa to the Arctic Circle. Rothamsted
Research used Vertical-Looking Radar (VLR) for their study.
The VLR is unobtrusive and, unlike scanning radar, can be
put on a rooftop or any place not obscured by trees. The radar
showed the butterflies flew up to 3,000 feet at speeds of up to
30 miles per hour under favorable conditions. Painted Ladies
are everywhere — so, put out some thistles, the favorite cuisine
of the little champs.
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Moscow, Russia

EMERGENCY RESPONSE
CHECK-UP

O

n October 8, a one-day government and industry event on the current status and future
plans for the Russia State Accident Emergency
Response System will cover ERA-GLONASS,
including testing it with the “112” System and
emergency services, the compatibility of the
Russian system with the European eCall System
and commercial readiness. The Deputy Minister
of Transportation speaks. <http://congress-eraglonass.com/index.html>
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GNSS Program Updates

News from systems around the world
It’s summertime and, while the world’s
GNSS programs may not have gone to
the beach with everyone else, activity
has been less visible in recent months.

GPS

T

he U.S. GNSS program is looking
for a new way forward in the wake
of technical delays in ground and space
segment modernization and a broad
changeover in leadership.
In response to an ongoing federal
budget squeeze, the U.S. Air Force is
restructuring the contract for developing
its new GPS ground system, a move that

could further delay its completion.
The Air Force has asked Raytheon,
its prime contractor for the NextGeneration Operational Control System
(OCX), to develop an alternative plan in
light of fiscal limitations.
Under OCX all the existing hardware
and software at 17 monitoring stations scattered around the globe will be
replaced. Managers also will “refresh” the
equipment at the GPS Master Control
Station (MCS) at Schriever Air Force
Base near Colorado Springs, Colorado,
and the Alternate Master Control Station
at Vandenberg Air Force Base in Lompoc, California.

Although OCX is essential to operating the new GPS Block III satellites,
delays in the new ground system may be
less problematic now because GPS III
also has been delayed. The first satellite
launch, which was pushed back to 2015
a couple of years ago, now will not take
place until after the first satellite is delivered in fiscal year 2016, according to Air
Force officials.
Those delays have prompted AFSPC to
look for alternatives for later buys of GPS
III spacecraft. On June 4, the GPS Directorate released a request-for-sources able
to produce up to 22 GPS III spacecraft
— an effort to assess industry’s ability
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to replace both Lockheed Martin, the
current prime contractor, and Exelis, the
subcontractor responsible for the satellites’ navigation payload. That payload —
and consequently the GPS III satellites
themselves — has been substantially
delayed, much to the ire of the Air Force.
The original $1.46-billion contract let
in 2008 anticipated launch of the first
GPS III by this year. And, indeed, for
the first few years the Lockheed team was
running ahead of schedule. However,
Exelis — formerly ITT Space, which had
a lead or contributing role in building all
of the GPS navigation payloads — found
itself unable to produce the GPS III version with the new civil GPS L1C signal
and multiple legacy signals within the
original timeline.
Numerous U.S. aerospace companies
responded to the AFSPC solicitation, as
well as at least one foreign company.
Despite these difficulties, the Air
Force successfully launched the seventh
GPS Block IIF satellite on August 1 to
keep the constellation in more-than-full
status with 31 space vehicles transmitting signals and additional spacecraft still
functioning as on-orbit spares.

GLONASS

R

ussia placed a GLONASS-M satellite
into orbit on June 14, carried there
by a Soyuz 2-1b rocket from the Plesetsk
Cosmodrome north of Moscow.
According to ISS Reshetnev, the manufacturer of the satellite, GLONASS-M
55 is equipped with an experimental
payload capable of transmitting CDMA
signals in the L3 frequency band, centered at 1202.025 MHz. Flight testing
of the new equipment will evaluate the
accuracy of the new CDMA signal. The
satellite was put into the constellation’s
slot 21 in the third orbital plane.
It was good news for a program that
had suffered embarrassing systemwide
outages in April apparently due to a
botched upload of data. Meanwhile,
thwarted thus far in its efforts to place
GLONASS ground stations in the United States, Russia has announced progSummer 2014

ress with agreements to place satellite
monitoring facilities in Cuba and Brazil,
which already hosts one of the first two
GLONASS stations outside Russia. According to an ITAR-TASS news report,
China and Russia are near agreement on
a plan to host three monitoring stations
for one another’s GNSS systems.

Corporate
Profile

Galileo

E

urope’s nascent GNSS program experienced a satellite failure of its own
earlier this year.
On May 27 at 12:30 UTC, Galileo
GSAT0104, of four Galileo in-orbit validation (IOV) satellites, went offline and
became “unavailable until further notice,” according to a Notice Advisory to
Galileo Users (NAGU 2014014) posted
by the European GNSS Service Center
(EGSC). As of early August, the satellite
was still not transmitting signals.
Neither ESA nor Galileo program officials have provided a public explanation
of the problem, but sources say that the
problem could be caused by a failure in
the components linked to the solid-state
power amplifier (SSPA), including the
output multiplexer, cables and/or antenna.
On July 15, the EGSC issued NAGUs
announcing that due to a “planned partial outage” the other three IOV satellites
would be unavailable for use beginning
yesterday and continuing until July 25.
Potentially good news in all this is that
the next Galileo satellites in line for
launch, built by OHB-System, feature
a substantially different payload design,
compared to the Astrium-built IOVs
now in orbit.
Meanwhile, the first two full operational capability (FOC) Galileo satellites are
at Europe’s spaceport in Kourou, French
Guiana, being prepared for their August
21 launch on a modified Soyuz rocket.
Under the most recently revised
launch schedule, the Galileo hopes to
have four FOC spacecraft in orbit along
with the IOVs. Depending on production rates, another eight will join them
next year, with 22 FOCs in orbit within
three to four years. ION
23

Spirent is the world’s leading
provider of GPS/GNSS simulators,
with over 25 years of simulation
experience. We provide simulators
that cover all applications, including
research and development, integration/verification, and production
testing. With a broad line of products,
we are sure to have the right solution
for you.
In April 2014, we released the
GSS9000 Multi-Frequency, MultiGNSS RF Constellation Simulator.
The GSS9000 offers a four-fold increase in RF signal iteration rate (SIR)
over Spirent’s GSS8000 simulator.
The GSS9000 SIR is 1000 Hz (1ms),
enabling higher dynamic simulations
with more accuracy and fidelity. It
includes support for restricted and
classified signals from the GPS and
Galileo systems, as well as advanced
capabilities for ultra-high dynamics.
It can evaluate resilience of navigation systems to interference and
spoofing attacks, and has the flexibility to reconfigure constellations,
channels, and frequencies between
test runs or test cases.
Spirent Federal GPS/GNSS test
equipment simulates all current and
planned GNSS signals:
• GPS: Modernized GPS (L1C, L2C,
L5, M-code), Anti-interference,
GPS/inertial, and CRPA (Controlled
Reception Pattern Antenna) testing
• Multi-GNSS: GPS, GLONASS, Galileo, Beidou-2, and QZSS testing
• SBAS: WAAS, EGNOS, MSAS
testing
Spirent Federal Systems
1402 W. State Rd
Pleasant Grove, UT 84062
Phone: 801-785-1448
Fax: 801-785-1294
Email: info@spirentfederal.com
Web: www.spirentfederal.com
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