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Program Updates Panel

At CGSIC

Each of the world’s five major satellite navigation 
providers are pushing to upgrade and expand their 

systems with nine satellites set for launch by the end of 
next year and 20 to be placed on orbit by the end of 2017.

The United States plans to launch four GPS IIF 
satellites by the close of 2014 with the first launch 
currently scheduled for October 17, said Col. Bill Cooley, 
the new director of the GPS Directorate. The first of 
the new generation of GPS III satellites, which has an 
additional civil signal, could be launched as early as 
2015. 

Those satellites are part of the overall GPS 
modernization plan that will expand the number of 
civil signals, improve the clocks, and replace the ground 
control system. Modernization will also boost anti-
jamming and anti-spoofing capability for military users as 
well as provide more power for the military M Code and 
more secure, more flexible M Code cryptography. 

As the different elements of the system are upgraded 
Cooley said he expects its over all performance to 
improve. For example the ground system now has been 
using an OCX core Kalman filter for over six months 
– a shift that has cut the RMS user range error roughly 
in half, he said. The system is currently providing an 
accuracy level of about 70 cm for signal in space, he said. 

The launch of the modernize satellites launches 
could be delayed, however, as the United States only 
puts satellites into orbit when they are needed and 
the current GPS spacecraft are lasting far longer than 
they were designed to. For example, of the 31 satellites 
comprising the current constellation eight are IIA 
spacecraft with an average on-orbit life of just over 19 
years. For the 19 IIR and IIR-M satellites also in the 
constellation, the program now has a project under way 
to extend the life of their batteries, and therefore their 
useful time on orbit.  

GNSS Jammer, continued on page 3

GNSS Jammer Detection Efforts Ramp Up

System Providers Race 
to Expand, Improve  
GNSS service

The Department of Homeland Security (DHS) has a 
number of programs under way to help protect GPS 

service including an interference reporting system and a 
jamming detector that can be mounted on a car top. 

The DHS efforts are just part of the work underway 
world wide to track jamming and determine ways to 
thwart the “personal privacy” devices that can jam the 
GPS signals essential to aviation users and emergency 
services, experts told attendees at this week’s meeting of 
the Civil GPS Service Interface Committee (CGSIC). 

The GPS JLOC System has been in development 
since 2010, said John Merrill, the program manger for 
the DHS Position, Navigation & Timing (PNT) Program 
Management Office within DHS.  A joint project 
between DHS and the Department of Defense, JLOC is 
an unclassified program to be used for collecting GPS 
interference data in the continental U.S.  

JLOC will use sensor feeds from DHS’s Patriot Watch 
program — a plan to tap a wide variety of sensors to 

crowd-source the location of interference sources. 
Prototype data is now coming from sensors at the 
Newark, New Jersey, airport.  The JLOC system will be 
able to show the location of an interference source on a 
map along with information on the signal including its 
power. 

DHS is also working with the Federal Aviation 
Administration to support development of the Radio 
Frequency Tracking System, a database into which 
registered users can enter information on interference 
events they encounter. The system offers the ability 
to enter details about what happened and view other 
reports of signal problems. 

Merrill said the agencies hope to have it operational 
by the end of 2014. 

To support these projects the DHS is working to 
characterize the different jammers on the market, said 
Merrill, and put their signal patterns into a reference 
database called the GPS COTS Jammer Digital Library. 

“During the course of an investigation it is good to 
be able to see what you’re dealing with,” he said. 

The agency is also working to develop the 
HammerHead Jammer Locator. A square, white unit 
smaller than a pizza box, the device can be carried or 
mounted on the top of a car and will provide both the 
direction of a suspected jammer and information on 
it, including its received signal strength. The jammer 
locators can be networked he said, and a pocket-sized 
LED reader shows the direction of the jamming source. 

Talks under way to test the unit at a toll booth, 
Merrill told attendees. The discussions are bogged 
down just now because of concerns over privacy. 

Legal issues including concerns about liability from 
lawsuits is a concern, acknowledged Merrill. To help 
protect firms interested in developing anti-terrorism 
products or services, the DHS Office of Safety Act 

The operations 
team is “very thrifty,” 
said Cooley, “They 
don’t want to throw 
away anything.”

GLONASS
Russia, which 
suffered a serious 
launch failure in 
July that cost it three 
satellites, plans to 
launch four satellites 
by the end of this 
year and four more 
in the latter half of 
2014. This is part of an overall plan to place a total of 12 
satellites by the end of 2015, said Sergey Revnivykh, of 
the Corporation JSC ISS Reshetnev. Revnivykh recently 
took up his position with Reshetnev, which manufactures 
the GLONASS satellites, after a long career with the 
Russian Space Agency.

That schedule too may change, said Revnivykh, 
because Russia has now adopted the U.S. approach to 
launch and will keep spare satellites on the ground, only 
putting them into orbit when needed. 

He also said that they were studying ways to extend 
the constellation for more coverage. One of the possible 
approaches is to add six satellites spread over three 
planes. The design of the navigation message however, is 
currently limiting what they can do. The current message 
was only structured for a 24-satellite constellation and 
would have to be changed. That is not an immediate 
issue, however, he said because the GLONASS program 
has lost a total of six planned satellites and is now 
working to catch up. A decision on whether to go to 

more that 24 satellites would not therefore come up 
before 2020. 

Even then, he said, it is not sure that Russia would 
elect to expand the system. 

 “Perhaps we don’t need more that 24 (satellites) 
when we have four global systems. Perhaps we can find a 
way to work together because it’s not so cheap.”

QZSS
The Japanese are working to expand their Quasi-
Zenith Satellite System (QZSS) with plans to build 
on the success of their experimental satellite 
named “Michibiki.” They expect to launch three 
more spacecraft in 2017 — one of which will be a 
geostationary satellite. The initial system, which is 
expected to begin operation early in 2018, will be 
managed by QZS System Services Inc., a commercial 
operation charged with promoting its use, improving 

SyStem ProviderS, continued on page 3

Speakers at Wednesday panel discussion presenting updates on GNSS systems include, L to R:  
Col. Bill Cooley, director, GPS Directorate; Eric Châtre, head of sector, Exploitation and Service, Directorate General for Industry and 
Enterprise, European Commission; Sergey Revnivykh, JSC ISS Reshetnev; Xianchen “Hunter” Ding, China Satellite Navigation Office; 
Hongwei Zhou, China Satellite Navigation Office; and Yoshiyuki Murai, QZS System Services, Inc.
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Random Fixes
JAVAD GNSS LAuNCheS 864-ChANNeL 
RTK LAND SuRVey ‘MAChINe’
JAVAD GNSS (Island Booth D) has introduced the 
Triumph-LS, a complete real-time kinematic survey system 
including an 864-channel receiver capable of receiving 
and processing all available GNSS signals, antenna, radio 
modem, controller, and collapsible pole. The system runs on 
a chip that includes three microprocessors and six parallel 
RTK engines, with 24 MB of memory and up to 100 channels that can be used to scan 
GNSS bands for interference. Other new features include the capability to perform offset 
surveys with photogrammetry using either  the Triumph-LS system’s internal camera or an 
external camera. Survey or GIS stakeout can be accomplished using the unit to navigate 
visually to stake locations with the aid of the internal camera. According to the company, 
three channels are typically allocated to each satellite signal to provide redundancy and 
improve reliability and accuracy, but the flexible operating system can be user configured 
as desired. The 2.5-kilogram system can operate for up to 25 hours in RTK rover mode 
with full-screen brightness. 

TRIMBLe LAuNCheS ALL-GNSS MoDuLe
At ION GNSS+ on Wednesday, Trimble introduced its 
BD930 module as part of its GNSS OEM portfolio. 
This small module features triple-frequency support for 
GPS and GLONASS plus dual-frequency support for 
BeiDou and Galileo constellations. Capable of receiving 
a wide range of commercially available GNSS signals, the 
220-channel BD930 takes advantage of all available signals 
to provide reliable RTK centimeter-level positioning. The 
triple-frequency BD930 module (measuring 41 x 51 millimeters) and is form-fit-function 
compatible with the Trimble BD920 receiver. Flexible connectivity options — Ethernet, 
RS232 or USB — provide fast data transfer and easy configuration via standard Web 
browsers. External 10 MHz frequency input is supported for advanced applications. The 
Trimble BD930 module is expected to be available in the fourth quarter of 2013 through 
the Trimble Precision GNSS + Inertial worldwide sales channel.

PCTeL ANNouNCeS MuLTI-GNSS ANTeNNAS
PCTEL, Inc., (Booth 318/320) is showcasing its next generation multi-band GNSS 
antennas for global timing and precision tracking applications using GPS, GLONASS, 
BeiDou, and Galileo. The GNSS1-TMG-26N and GPS-LB12GL-MAG antennas address 
global compatibility issues for two of the industry’s most crucial applications. For critical 
timing applications for macro and small cell deployments, PCTEL has developed the 
GNSS1-TMG-26N antenna. The GNSS1-TMG-26N is a fixed-mount network timing 
antenna covering GPS, GLONASS, BeiDou, and Galileo system frequencies in a single unit. 
For global navigation applications, PCTEL has also developed the GPS-LB12GL-MAG to 
cover GPS L1, GPS L2, GLONASS, and L-BAND constellations.

NoVATeL ReLeASeS GNSS eNCLoSuRe PRoDuCT
NovAtel Inc. (Island Booth J) has announced the addition of the ProPak6 enclosure 
to its GNSS product line. According to the company, the ProPak6 is NovAtel’s most 
sophisticated GNSS enclosure product, offering meter-level to centimeter-level positioning 
in a ruggedized, water-resistant IP67 housing. Standardized software and hardware 
connections include multiple RS-232/RS-422 serial ports, CAN Bus, USB host and device, 
as well as Bluetooth, Wi-Fi and optional cellular radio. The ProPak6 provides an enclosure 
option for integrators seeking positioning flexibility, multiple communication options, and 
Ethernet support for remote configuration and access of data logs, while the ProPak6 is 
designed for reference station, timing, and general positioning applications.

SPIReNT ANNouNCeS SPoofING/ANTISPoofING TooL SeT
For many years Spirent (Island Booth f) has supported equipment developers with 
tools to allow the evaluation of the susceptibility of GNSS receivers to RF interference 
and jamming. This suite of tools is about to be expanded to include the capability to 
subject receivers under test to spoofing attacks in a controlled non-radiated, laboratory 
environment. To achieve this Spirent are teaming up with Qascom, a leader in the field 
of GNSS security and signal authentication. The result of this collaboration SimSAFE, 
provides the user with the ability to concurrently simulate legitimate GNSS constellations 
and spoofed or hoax signals. Synchronization and level of the spoof signals is controlled 
by the test bed software allowing simulation of sophisticated attacks whilst monitoring 
the response of the receiver under attack. For more information please visit the Spirent 
booth where you can see a demonstration of a pre-release version of SimSAFE in 
operation.

NeW VeRSIoN of MeMS GPS/INS PRoDuCT AT ADVANCeD 
NAVIGATIoN
Advanced Navigation (Booth 709) has announced the 
release of the third generation of its Spatial MEMS GPS/
INS product. The new Spatial v3 features a significant 
upgrade of the accelerometers and gyroscopes. The 
new sensors provide some of the best MEMS inertial 
performance currently available on the market with a 
gyroscope bias instability of 3 °/hour and accelerometer 
bias instability of 20 ug. According to the company, 
the new sensors allow Spatial v3 to achieve increased 
orientation accuracy of 0.1° and maintain accurate heading for longer periods without 
corrections from magnetometers or GPS. Advanced Navigation has also released version 
3.0 of the Spatial firmware. The firmware features an enhanced odometer algorithm 
that provides increased performance with odometers and speed sensors. An automatic 
magnetic calibration algorithm allows for hassle free magnetic calibration during operation. 
Advanced Navigation’s motion analysis algorithm has been added which uses inertial data 
to make speed estimates during dead reckoning for ground vehicles.

NeW PRoDuCT ANNouNCeMeNTS

The 12th Annual Open Mic Night Rocks On Tonight!
Once again, NavtechGPS (Booth 319) hosts Open Mic Night from 8 
p.m. until midnight on Thursday at the Renaissance Nashville Hotel 
West and Center Ballrooms, 611 Commerce Street — next to the 
convention center. Join your colleagues for an evening of camara-
derie and live music provided by our own Augmentations band and 
the Pseudorandom Noise vocals and lots of other talented GNSS 
folks. In addition to rockin’ and dancin’, there’s karaoke and an 
Apple iPad raffle! Visit a sponsor booth to pick up a flyer for more 
details: NavtechGPS, Booth 319; GPS Networking, Booth 427; Hemi-
sphere GNSS, Booth 106/108; Inside GNSS, Booth 715/717; iFEN, 
Booth H; LabSat (Racelogic), Booth 711; NovAtel, Booth J; Trimble, 
Booth N; and VectorNav, Booth 426; and Navcom too. We even 
buy you your first drink, so don’t let interference stop you from a 
rockin’ good time. 

GPS Networking Earns Prestigious ISO 9001:2008 
GPS Networking (Booth 427), headquartered in Pueblo, Colorado, has earned the presti-
gious ISO 9001: 2008 certification. This quality-management certification is awarded to orga-
nizations that meet the rigorous criteria for assuring quality in the products or services they 
provide their customers. GPS Networking earned the ISO 9001: 2008 quality-management 
certification after passing an independent assessment conducted by UL DQS, an internation-
ally recognized ISO auditor. The ISO 9001:2008 certification is valid for three years, with 
audits performed every year by UL DQS. “Achieving ISO 9001:2008 certification reinforces 
our commitment to continual improvement of service efficiency and effectiveness, which 
gives us an advantage serving our customers and maintaining our competitive edge in the 
DAS marketplace,” said Eileen O’Halloran, general manager at GPS Networking.

Septentrio Receiver on Satellite
Septentrio (Booth 419/421) has announced 
that a PolaRx2 receiver has reached more than 
330 hours of successful operation on-board 
“Technologie-Erprobungs-Träger 1” (TET-1), the 
first satellite of the German On-Orbit-Verification 
program. The Septentrio receiver, activated on 
July 26, 2012, is the backbone of the Navigation 
and Occultation Experiment (NOX) developed 
by German Aerospace Center (DLR). The pur-
pose of the experiment is to prove the suitability 
of commercial-off-the-shelf (COTS) technology 
for use in space missions. The receiver provides 
GPS observations on the L1 and L2 frequen-
cies, which are used for precise orbit determination and atmospheric sounding. The dual-
frequency observations allow reconstructing the orbit of TET-1 with decimeter or better 3D 
accuracy. A dedicated antenna pointed into the anti-flight direction of the satellite is used to 
collect measurements during GPS radio occultations, where the signals are tracked through 
the Earth’s atmosphere.

OEM/Integrators Sought for Integrated Nav System  
SYSNAV (Booth 424) is looking for strategic OEM/integrator partners to develop combined 
navigation systems with SYSNAV innovative technology for vehicle guidance applications. 
The company has developed magneto-inertial navigation systems coupling low cost MEMS 
sensors and a patented ambient magnetic field disturbances algorithm to estimate 3D veloc-
ity. According to SYSNAV, the company’s solution provides positional accuracy with GPS of 
5-10 meters RMS; without GPS, ±2 percent of distance traveled independent of time; heading 
accuracy, with GPS aligned heading <0.5° after 1,000 meters traveled; without GPS, ±2° inde-
pendent of time.

Boeing Features PNT Innovations at ION 2013
Boeing solutions and innovations in posi-
tion, navigation and timing (PNT) are on 
display at the company’s exhibit (Island 
Booth K), including the GPS IIF space vehi-
cle that is replenishing and modernizing the 
on-orbit GPS constellation, Boeing timing 
and geolocation technology featuring the High Integrity GPS handset, the Combat Survivor 
Evader Locator (CSEL) handheld search and rescue radio for the U.S. Air Force, and the 
Geospatial Communications Radio (GEOCOM) being developed by Boeing subsidiary Argon 
ST. According to the company, GEOCOM will deliver accurate position reports for person-
nel in virtually any environment: urban, indoor, and underground. The fifth IIF satellite was 
flown from the Boeing satellite factory in El Segundo, California, on July 31 in a C-17 military 
transport aircraft, arriving at the Cape Canaveral launch site. Upcoming activities will include 
fueling the satellite and integrating it with a United Launch Alliance Delta IV rocket. Liftoff 
is scheduled in October 2013.

FCC Grants Approval to Time Domain PulsON Radio
The U.S. Federal Communications Commission (FCC) has granted equipment authoriza-
tion to Time Domain (Booth 326) for its PulsON 412 (P412) ultra wideband (UWB) radio 
transceiver under the FCC Rule Part 15F. The P412 is being produced in volume for OEM 
partners now deploying products and solutions in a variety of key markets, including mining, 
transportation, and robotics. The P412 is a board-level module based upon Time Domain’s 
proprietary SiGe ASICs.  Those chips deliver precise timing and correlation of UWB signals 
transmitting at 10 million pulses per second. The module includes an embedded processor, 
USB and serial interfaces, and power management devised to meet customer requirements 
for a very high performance, low cost yet rugged, integratable package. According to Time 
Domain, the peer-to-peer radio modules achieve sub-2-centimeter range accuracy, while also 
providing a variable communications payload.
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CheCK IT ouT
Mobile Conference Site
Access the GNSS program 
and other conference 
information on your 
mobile device. Point 
your mobile browser to 
m.iongnss.org.

Customize Your Conference 
Schedule
Once you are registered for the 
conference, visit the ION website 
to build a customized schedule 
of conference papers you wish 
to attend. Visit the ION GNSS+ 
program at www.ion.org/gnss for 
details. 

Self-Service Business Area
The use of computers, a printer 
and a copier is being provided 
on a self-service basis in the ION 
registration lobby. Internet access is 
not available on these computers. 
For Internet access, please use the 
computers in the Internet Access 
Center. As a courtesy to others, 
please limit your time when others 
are waiting.

Technical Paper Copies Online
Registered attendees may download 
copies of technical papers online for 
FREE. Papers can be accessed by 
logging into your ION web account 
at www.ion.org/gnss. Only 
papers provided to the ION by the 
presenting author will be available. 
If a desired paper is not available, 
we recommend you contact the 
author directly. 

Conference Proceedings
Official conference proceedings are 
scheduled for distribution in November 
to all eligible conference participants.
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ReGISTRATIoN oPeN  
8:00 a.m. – 12:15 p.m.  
& 1:45 p.m. – 5:00 p.m. 

MoRNING SeSSIoNS BeGIN 
8:00 a.m. – 12:15 p.m. 

 
PANeL DISCuSSIoN —  
NeW PRoDuCTS  
Grand Ballroom East

eXhIBIT hALL oPeN 
9:00 a.m. – 6:00 p.m.

eXhIBIToR DeMoNSTRATIoNS 
Exhibit Hall 

JAVAD GNSS, INC. 
TRIUMPH-LS, THE ULTIMATE LAND 
SURVEY MACHINE 
2:00 p.m. – 2:45 p.m.

 
INfoRMAL LuNCheoN  
exhibit hall
12:15 p.m. – 1:15 p.m.
This event is included with any type of 
registration. Enjoy lunch with colleagues  
and new acquaintances.

fRee TIMe IN eXhIBIT hALL 
1:15 p.m. – 1:45 p.m.

AfTeRNooN SeSSIoNS BeGIN 
1:45 p.m. – 5:30 p.m.

PANeL DISCuSSIoN —  
hIGh INTeGRITy SySTeMS  
Grand Ballroom East

ION SATELLITE DIVISION 

ioN GNSS+2013 STUDENT PaPER awaRD
Satellite Division Announces ION GNSS+ 2013 Student Award Winners 

The Institute of Navigation (ION) Satellite Division is proud to announce the winners of 
the ION GNSS+ 2013 Student Paper Awards. 
Each year, the ION Satellite Division presents Student Paper Awards to encourage 

student participation in GNSS+ and to support continued involvement in GNSS after 
graduation. 

Student papers are selected based on technical content, innovation, importance and 
timeliness of the subject matter; and conciseness, clarity and completeness of the written 
material and are evaluated by recognized industry and academic experts. Awards are 
presented to the lead authors of the best papers.

To qualify, students must have been full-time undergraduate or graduate students in 
engineering, science, mathematics or other related fields at the time their papers were 
written. Papers cannot be co-authored by a working professional or a faculty member. 

Student award winners receive a full complimentary conference registration and a travel 
stipend and will be recognized during the Friday Award Luncheon.

Congratulations to the following students who received the ION GNSS+ 2013 Student 
Paper Award:

Qijin Chen
Wuhan University China
Railway Track Irregularity 
Measuring by GNSS/INS 
Integration

Paulo Esteves
Institut Superieur de 
l’Aeronautique et de l’Espace, 
France
An Innovative and Efficient 
Frequency Estimation

Robert E. Guinness
Tampere University of 
Technology, Finland
Beyond Where to How:  
A Machine Learning 
Approach for Sensing 
Mobility Contests Using 
Smartphone Sensors

Li-Ta Hsu
National Cheng Kung 
University, Taiwan
Integration of Vector 
Tracking Loop and Multipath 
Mitigation Technique and its 
Assessment

Negin Sokhandan
University of Calgary, Canada
A Novel Multipath 
Estimation and Tracking 
Algorithms for Urban GNSS 
Navigation Applications

Ling Yang
University of New South Wales, 
Australia
Performance of Fault 
Detection and Exclusion for 
GNSS/Locata Integrated 
Navigation

&Annual Award Nominations
Fellow Award Nominations
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Implementation (OSAI) is helping to 
implement the Support Anti-terrorism by 
Fostering Effective Technologies Act of 
2002 or the SAFETY Act. 

The act offers manufacturers the 
possibility of protection against liability 
as a way to promote the creation, 
deployment, and use of anti-terrorism 
technologies.  Firms can apply to have 
their products or services cover under 
one of two levels, “Designation” and 
“Certification.” 

It costs nothing, said Merrill, to talk to 
certification officials. More information 
is available at <www.safetyact.gov>. The 
U.S. Coast Guard Navigation Center 
(NAVCEN) booth (#623) in the ION 
GNSS+ exhibit area should also have 
information. 

DHS is far from the only 
organization looking at tools to help 
thwart portable jammers. Chronos 
Technology, which has long worked on 
jamming issues in the United Kingdom, 
recently did a study quantifying the 
number and timing of jamming 
incidents over a sample period in 
London, Charles Curry, the firms 
managing director, told attendees. 

The Chronos study showed that 
jamming incidents spiked late at night 
— the likely result of jammers being 
carried by truckers who deliver in the 
wee hours of the morning to avoid 
the congestion charges that have been 
imposed by the city. ◆

GNSS Jammer,, continued from page 1
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PRoGRAM ChANGeS
Session D3: Paper #8 by Lopes, cancelled. 
Replaced with Alternate #1 by Mattos.

Session e3: Alternate #1 by Shi, cancelled.

Alternate # 2 by Hajianpour, cancelled.

Session e4: Paper #4, Shcheglov, cancelled. 
Replaced with Alternate  
# 1 by Fu.

and managing the ground system from 
now through 2032, said Yoshiyuki Murai 
of QZS System Services Inc. 

Among the services the company will 
look at providing are augmentation down 
to the 10 cm level and a short message 
service – both of which could be utilized 
by users overseas. The system will also 
sharply improve service to the urban 
canyons of Japan’s system. With GPS alone 
users in the Ginza section of Tokyo were 
found in a 2012 test to only be able to get 
a signal 39.5 percent of the time. With the 
addition of the QZSS service availability 
jump to just over 60 percent. 

To further improve that the Japanese 
government will continue work to develop 
three more spacecraft, including a 
geostationary satellite for a total seven-
satellite system. 

BeiDou
China also plans to launch a new test 
satellite in 2014 as part of the beginning 
of the third ‘global’ phase of its 
development, said Xianchen “Hunter” 
Ding of the China Satellite Navigation 
Office. The system has grown from where 
it provided an initial regional service to 
Full Operational Service as of December 
27 of last year. 

The planned launch, according to 
Ding’s presentation during the Program 
Update panel on Wednesday, will be 
part of the “startup of the third step of 
construction.” The spacecraft is a test 
satellite and will, like a number of the 

BeiDou satellites already in place, be in 
a MEO orbit.

BeiDou officials are reaching out 
to chip manufacturers to expand their 
investment and boost performance 
of chipsets able to utilize BeiDou. 
They are also planning to accelerate 
construction of a ground-based 
augmentation system, said Ding.

Galileo
Galileo did not lay out its launch 
schedule, which has been delayed, 
but Eric Châtre of the European 
Commission noted that the European 
Union has 22 satellites ordered and 
has contracts to launch 14 satellites on 
seven Soyuz launch vehicles (incuding 
a 2011 launch) and three launch 
contracts to loft 12 satellites on Ariane 
five rockets. 

The system currently has four 
satellites and its ground segment in 
place and is working to reach initial 
operating capability by the end of 2015. 
Galileo took a key step this spring when 
one of its members established its first 
position fix with the system in March. 

Full operational capability with a 
constellation totaling 30 satellites is 
anticipated by the end of 2018. The 
ground support system will ultimately 
comprise over 35 facilities including 
five uplink stations, two control centers, 
two launch and early operations 
centers, and 16 to 20 sensor stations. ◆




