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FY09 U.S. Budget Proposal Adopts eLORAN

The Bush administration appears to 
have finally made a long-delayed 

decision to complete implementation 
of an enhanced LORAN (LOng RAnge 
Navigation) system to serve, in part, as a 
back-up to GPS.

The Fiscal Year 2009 (FY09) budget 
proposal contains language “migrating” 
the LORAN-C system — including its 
$34.5-million budget and 294 positions 

— from the U.S. Coast Guard (USCG) to 
the Department of Homeland Security’s 
National Protection and Programs 
Directorate (NPPD). 

A USCG “Posture Statement” on the 
FY09 budget indicates that the action was 
taken “in preparation for conversion of 
LORAN-C operations to Enhanced LORAN 

Officers continued on page 22
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new ion officers 

and committee 

chairs elected

NTM Special Report Page 8

Outgoing ION President John Lavrakas passes the 
gavel to Dr. Chris Hegarty, the ION’s new president, 
at the conclusion of the January National Technical 
Meeting.

At the conclusion of the ION 2008 
National Technical Meeting, the gavel 

was officially passed to the newly elected 
ION officers and committee chairs. The 
elections results are as follows:
President: Dr. Chris Hegarty, The MITRE 
Corporation; executive Vice President: 
Dr. Mikel Miller, AFRL/MNG; Treasurer: 
Dr. John Betz, The MITRE Corporation; 
Immediate Past President: John 
Lavrakas, Advanced Research Corporation; 
eastern Region Vice President: Dr. 
Dorota Grejner-Brzezinska, The Ohio 
State University; Western Region Vice 
President: Dr. Todd Walter, Stanford 
University; eastern Council Member-at-
Large: Dr. Jade Morton, Miami University; 
Western Council Member-at-Large: 

Clyde Edgar, The Aerospace Corporation; 
space Representative: Capt. Adam Fisher, 
U.S. Air Force; Air Representative: Tim 
Murphy, Boeing; Land Representative:  
Dr. Andrey Soloviev, Ohio University; and 
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The Purpose of The ION®
The Institute of Navigation, founded in 1945,  
is a nonprofit professional society dedicated  
to the advancement of the art and science  
of navigation. It serves a diverse com-
munity including those interested in air, 
space, marine, land navigation and posi-
tion determination. Although basically a 
national organization, its membership is 
worldwide, and it is affiliated with the 
International Association of Institutes of 
Navigation.
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Information Systems:  
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Membership: Allison Nicholls

Newsletter Editor: Glen Gibbons

from the outgoing  
ion President 
John lavrakas

Parting Comments

2007-2008:  
The Wrap Up

The Institute of Navigation is strong and 
well, enjoying an excellent reputation 

in the positioning, navigation, and timing 
communities, and on the world stage. 

Over the past year, there are a number 
of areas in which we made progress and 
other areas that still need attention. Some 
I identified when I took office last January. 
Others have come to light as the year has 
progressed.

Navigation Journal. Journal edi-
tor Boris Pervan, with help from ION’s 
National Office, has secured qualified sub-
missions, streamlined the review process, 
and published on time. We are now ready 
to submit it for certification in the Science 
Citation Index.

Operational Users. We made a sig-
nificant step toward bringing operational 
users back into ION with an agreement 
with the Joint Service Data Exchange to 
host the Joint Navigation Conference next 
spring.

“Red Book” on integrated sys-
tems. This project is well under way, 
capably led by Maarten Uijt de Haag. 

Virtual Navigation Museum. This 
initiative, first proposed by Jack Reichal 
in 2004, has been developed by Chris 
Bartone, Rick Buongiovanni, and a team 
of experienced and dedicated naviga-
tion professionals. Today there are more 
than 25 entries from around the world, 
including originals of important historical 
documents, and links to five other muse-
ums and collections — among them the 
Smithsonian’s Physical Sciences Collection 
of Navigation instruments and the Mariners 
Museum in Newport News. 

International cooperation.  
We strengthened relations with European 
navigation groups by attending the Munich 
Satellite Navigation Summit and the 
European Navigation Conference (ENC) 
in Geneva. The Munich meeting resulted 
in a cooperative effort with the ION initi-
ated by Satellite Division International 
Representative Guenter Hein, in which our 
Satellite Division is hosting a session at the 
Munich conference. We had an ION booth 
at the Geneva meeting that acquainted 
many new people with the ION and will 
repeat that effort with a booth at the ENC 
meeting in Toulouse, France, coming up 
in April. 

Student and educational 
programs. Mark Petovello and Rick 
Buongiovanni created a students’ web page 
on the ION web site, where students can 
quickly find programs that are of interest 
to them, including student membership, 
travel grants, scholarships, awards, and 
competitions. 

National Office management 
and operations. We are grateful to our 
national office for their fine record of ser-
vice to the Institute. This year we improved 
their health benefits, vacation time, retire-
ment program, and added, yes, a dental 
plan. 

Mini-Urban Challenge. Casey Miller 
and Caroline New proposed a high school 
competition, sponsored by ION, which 
uses Lego MindStorm kits to build vehicles 
that navigate the streets of a miniature city. 

new Roles, new Goals
Upon assuming office, I reviewed some 

of our key statistics and noticed several 
things: ION relies on the GNSS meeting for 
60 percent of its revenues, and attendance 
at this event and ION membership figures 
have  not reached their full potential.

These trends have occurred in a time 
when positioning, navigation, and tim-
ing technology are at an all time high, 
in research, development, implementa-
tion, and public interest. In response, I 

President continued on page 22
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(eLORAN).”  LORAN will be incorporated 
within the National Communications 
System (NCS) responsibilities of the DHS.

The NPPD portion of the FY09 budget 
document confirms the role of eLORAN 
for protecting the nation’s positioning, 
navigation, and timing (PNT) capabili-
ties: “the Department, acting as Executive 
Agent, will undertake development of 
enhanced LOng RAnge Navigation . . . as a 
backup for the Global Positioning System 
(GPS) in the homeland. NCS will oversee 
LORAN-C modernization as a first step 
toward providing back-up capability for 
critical infrastructure that depends on 
GPS for position, navigation and timing.”

The budget proposal appears to 
have removed a threat of decommis-
sioning that has hung over the program 
for several years — seen most visibly 
in recent versions of the Department of 
Transportation’s Federal Radionavigation 
Plan and an effort by the Coast Guard to 
defund the program in the current fis-
cal year. (See articles in Fall 2007 and 
Summer 2007 issues of this newsletter.) 

Language in the Homeland Security 
Department portion of the Consolidated 
Appropriations Act of 2008 adopted by 
Congress last December denied that 
request.

More Money needed
A budgetary gap remains, however, in 
funding further modernization of the cur-
rent LORAN infrastructure to implement 
a fully operational eLORAN system. The 
$34.5-million allocation would merely 
maintain the current level of operation 
of the partially completed modernization 
of LORAN, for which the Coast Guard 
is expected to continue operation on a 
reimbursable basis in 2009. 

According to the DHS budget docu-
ment, “DHS has vested NPPD with the 
responsibility to develop this capability 
based on the transformation of LORAN-C 
system to Enhanced LORAN. . . . Transfer 
of LORAN budget authority will pro-
vide NPPD with financial oversight and  
responsibility for the system and permit 

the Department to fund any planned 
upgrades to the system.” Until 2009, 
the Coast Guard will work with NPPD 
to develop a plan for transformation of 
LORAN-C to eLORAN.

Since 1999, Congress has allo-
cated $160 million to begin the eLORAN 
improvements. Of the 24 U.S. LORAN-C 
stations; 19 have been updated and mod-
ernized to transmit the extra data services 
required for eLORAN.

No funds have been allocated since 
FY06, however, and a full eLoran system 
would cost up to $400 million more 

U.S. Coast Guard LOng RAnge Aids to Navigation (LORAN) Station Havre, Montana

with an expected annual allocation of 
$15–$25 million. Annual operations and 
maintenance costs (as of FY06) are $45 
million, a figure expected to decline to a 
projected $22 million a year upon imple-
mentation of full eLORAN system archi-
tecture with reduced staffing at automated 
stations. u

eLORAN continued from page 1
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A burst of activity marked the final months of 2007 and the beginning of the new 

year as the world’s GNSS programs moved ahead with launches and planned 

launches of new satellites.

(PRN) 29, the spacecraft was inserted into 
orbital plane/slot C1.

The three remaining Block IIR-Ms are 
scheduled for launch this year in March, 
June, and September, including the IIR-
20(M) satellite that will broadcast an L5 
demonstration signal. 

In November, offi-
cials from the Space and 
Missile Systems Center’s 
Global Positioning 
Systems Wing announced 
the award for the Next 
Generation GPS Control 
Segment (OCX). Northrop 
Grumman’s Space & 
Mission Systems divi-
sion in Redondo Beach, 
California, and Raytheon 
Company’s Intelligence 
& Information Systems 
business unit located in 
Aurora, Colorado each 
received 18-months $160 
million contracts for 
future development of the 
critical ground control 
segment.

According to the 
SMC GPS Wing, OCX will 
replace the current OCS, 
maintaining backwards 
compatibility with the 
Block IIR and IIR-M con-
stellation and enabling 

new modernized capabilities onboard the 
Block IIR-M and IIF satellites. In addition, 
OCX will provide command and control 
(C2) of new capabilities associated with 
the new GPS III family of satellites.

First Block IIF satellite . Having suc-
cessfully passed its initial phase of tests 
at the Space & Missile Systems Center at 
Los Angeles Air Force Base, the first GPS 
Block IIF (follow-on generation) satellite 
is expected to enter the second round 
of thermal vacuum testing in late March, 
according to the GPS Wing. (See accom-
panying photo.)

On December 24, the GPS IIF pro-
gram completed the first of two phases 
of thermal vacuum testing on the first IIF 
space vehicle (SV-1) built by The Boeing 
Company. This was “a major success for 
the program,” in the words of GPS Wing 
officials. Thermal-vac tests exposed the 
spacecraft to extreme hot and cold tem-
peratures under vacuum conditions to 
verify system performance and correlate 
the thermal models, according to the  
GPS Wing.

Program engineers are now perform-
ing planned rework and retest for some 
units, which will be followed by other 
environmental tests such as acoustic and 
separation testing before the second phase 
of thermal vacuum testing.

Things haven’t gone as smoothly for 
the next-generation GPS III program, 
however. The GPS III modernization 

GPS
Following a December 20 launch, the fifth 
modernized Block IIR-18(M) satellite 
was brought on line in record time with 
transmissions beginning January 2, 2008. 
Identified by its space vehicle number 
(SVN) 57 and pseudorandom noise code 

First GPS Block IIF satellite at test facility
GPS Wing photo
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program came up short in the 2008 fis-
cal year (FY08) Department of Defense 
(DoD) appropriations bill signed into 
law by President Bush on November 13. 
In passing H.R. 3222, Congress reduced 
the president’s request by $100 million 
to $487.23 million for the budgetary year 
ending next October 1.

The immediate effect on the GPS IIIA 
satellite is uncertain, but the GPS Wing 
anticipates a delay in delivery and launch 
of the first GPS III space vehicle as a 
result. The GPS Wing has delayed award 
of the GPS IIIA bid from January to mid-
April. GPS IIIA is the first of three GPS 
III increments and is the foundation for 
enhancements in later blocks. New capa-
bilities on the GPS III SVs include the new 
civil signal at L1 (L1C).

In a plenary session presentation at 
ION NTM, Col. Mark Crews, chief engineer 
for the GPS Wing, said that final approval 
is expected soon for the L1C specification, 
IS-GPS-800, now in draft form. The spec 
is available on line at <http://www.navcen.
uscg.gov/gps/modernization/default.htm>.

Meanwhile, the Air Force announced 
that it had reactivated SVN23, the first 
Block IIA satellite, launched on Nov. 26, 
1990, and designated it PRN32. It was 
initially decommissioned on Feb.13, 2004, 
after more than 13 years of service. A 
notice advisory to Navstar users (NANU) 
stated that SVN23/PRN32 would be set 
usable on February 19.

Early versions of GPS receivers were 
built to only handle up to 31 satellite sig-
nals, and some units can’t track a signal 
designated PRN 32. 

The GPS Wing has also reported a 
series of signal anomalies in early October 
2007 during which Block IIR satellites 
broadcast faulty L1 C/A-code signals. 
The anomalies apparently occurred as a 
result of navigation data uploads from the 
Control Segment that caused an upset in 
the on-board mission data unit (MDU) 
processor.

The anomalies produced navigation 
message data that appeared to be an 
unpredictable sequence of 1’s and 0’s with 
invalid parity. GPS receivers handled the 
anomalies in a variety of ways, depending 

on the equipment’s signal processing soft-
ware design.

A slight modification in the Control 
Segment’s Block IIR upload software 
appears to have resolved the problem, 
which has not recurred, according to the 
Air Force.

Looking further ahead, in his plenary 
presentation, Crews outlined a series of 
“improvement ideas” beyond GPS III. 

For the space segment, these included 
such concepts as eliminating the need to 
transmit clock corrections in GPS navi-
gation messages by enabling the system 
operators to steer SV clocks to GPS time, 
adding an interoperable civil signal at 
1278.75 MHz (overlaying Galileo E6  
frequency and near Compass B3), 
enabling GPS satellites to broadcast non-
GPS messages, and implementing greater 
signal integrity within the system architec-
ture itself.

Crews’ improvement ideas for the 
operational control segment included a 
closer fusion of communications, naviga-

tion, and networks with ground-based 
distribution of navigation data and cor-
rections and expansion of “net-centric” 
service-oriented architecture.

A post-OCX control system could post 
long-duration (e.g., 24-hour) NAV mes-
sage data on the Internet at each update 
(~ 15 minute updates). Service providers 
could then take the clock and ephemeris 
corrections and make this information 
available to users in appropriate format, 
for example, through distribution by cell 
phone providers.

This would facilitate current network-
based, assisted-GNSS techniques and provide 
faster time to first fix by eliminating the need 
to acquire NAV messages from each satellite. 
This would be particularly useful for applica-
tions in urban environments.

GLONASS
In recent months, Russia added three and 
subtracted five satellites from the GLONASS 

GLONASS continued on page 6

   GNSS Interoperability: Seamless Navigation
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GLONASS continued from page 5

December 25, 2007, Glonass Launch on Russian TV website

constellation amid criticism from a high-
ranking official that the program was not 
progressing fast enough.

With the December 25 launch of three 
more modernized GLONASS (GLONASS-M) 
satellites, the system’s constellation had 
16 spacecraft on orbit, although one still 
needs to be commissioned. That followed 
on the addition of three satellites put into 
orbit in October.

Nonetheless, when one includes the five 
space vehicles that had reached the end 
of their operational life and were decom-
missioned, the constellation fell short of 
the goal set by Russian President Vladimir 
Putin in December 2005.

That plan called for 18 operational sat-
ellites in orbit by 2008; 24 SVs (21 opera-
tional and 3 on-orbit spares deployed in 
three orbital planes) in place by 2009; and 
a level of performance matching that of the 
U.S Global Positioning System by 2011.

On January 23, Deputy Prime Minister 
Sergei Ivanov, who oversees the country’s 
military-industrial complex, criticized 
Russian Space Agency (Roscosmos) 

officials for the quality and quantity of 
GLONASS spacecraft, according to Russian 
news reports. GLONASS generally is 
acknowledged to provide autonomous 
real-time positioning accuracies that are 
substantially poorer than GPS — some-
times off by 10s of meters.

Ivanov, the former Russian defense 
minister, said, “Devices on the satellites 
have not yet reached the necessary reli-
ability level. Unfortunately, competitive 
domestic navigation equipment is still not 
available on the Russian market,” a RIA 
Novosti article reported.

Roscosmos officials responded by stat-
ing that once the 16 satellites on orbit are 
all operational, that GLONASS coverage of 
Russia would provide positioning capabil-
ity 95 percent of the time and the world, 
83 percent.

Another six satellites will be added to 
the Glonass system in 2008, and the first 
two improved Glonass-K satellites are set to 
be launched in 2009.

One bit of good news for GLONASS 
emerged at the recent ION National 
Technical Meeting. Lauri Wirola, an engi-
neer with Nokia, the world’s largest manu-

facturer of mobile phones, said that his 
company is investigating use of GLONASS 
signals in new products that could reach 
the market in the near future.

Nokia has conducted extensive study 
of the suitability of including Russia’s 
GLONASS in network assisted-GNSS 
(AGNSS) solutions in addition to GPS. 
Nokia predicts that 30-40 percent of cellu-
lar handsets sold within three to four years 
— about 300 million phones per year 
— will use AGNSS.

In his ION NTM presentation, Wirola 
described a lengthy investigation conduct-
ed last autumn that tracked GLONASS satel-
lite signals and evaluated their ability to be 
combined with GPS in AGNSS solutions on 
mobile phones.

Wirola said the study indicates that 
the modernized GLONASS satellites — 
GLONASS-M — will be stable and accurate 
enough to be used despite differences in 
the GPS and GLONASS system time scales, 
frequencies, signal structure, and geodetic 
coordinate system.

He said that addition of a GLONASS 
CDMA signal as an overlay on other GNSS 
services would provide an additional ben-
efit, but that the current FDMA broadcasts 
could be used in any case.

Galileo
After more than two years with little 
progress in building a constellation in 
space (but plenty of political activity on the 
ground), the Galileo program appears to 
be moving ahead with a plan that will be 
fully funded by the public sector.

The second Galileo In-Orbit Validation 
Element satellite  (GIOVE-B) is now 
scheduled for launch from the Baikonur, 
Kazakhstan, cosmodrome on April 14. It 
will join the first Galileo spacecraft, GIOVE-
A, which has been broadcasting a variety of 
signals since January 2006.

Meanwhile, the European Space Agency 
has contracted with UK-based Surrey 
Satellite Technology Ltd., manufacturer of 
GIOVE-A, to build another similar space-
craft, designated GIOVE-A2.

Both GIOVE-B and GIOVE-A2 will be 
able to broadcast the new multiplexed 
binary offset carrier (MBOC) signal 
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Ran Chengqi, deputy director, China Satellite 
Navigation Project Center, speaking at Shanghai 
NaviForum 2007
Inside GNSS photo

planned for Galileo’s Open Service at the 
L1/E1 frequency.

On the political front, Galileo also 
appears to be back on a steady course.  
On December 18, the European Parliament 
gave final approval to the 2008 European 
Union (EU) budget, which includes full 
public funding of €3.4 billion ($4.9 billion) 
for the system.

Earlier, the European transport council 
voted unanimously to adopt a European 
Commission (EC) financial scheme that 
would lead to a fully operational constel-
lation in 2013, if the project can stay on 
schedule.

The transport ministers also appeared 
to have accepted the EC’s move to assume 
direct program management responsibil-
ity through the Directorate General for 
Energy and Transport, effectively placing 
the European GNSS Supervisory Authority 
(GSA) under its direction. The European 
Parliament and the Council of Economic 
and Finance Ministers had approved the 
public procurement approach earlier.

In taking the action, the ministers kept 
Europe’s largest joint infrastructure project 
on track, although five years behind sched-
ule after attempting to create a public-
private partnership (PPP) that would have 
built the system in return for revenues 
from a 20-year concession.

Prolonged negotiations with a consor-
tium of private companies ended early last 
year when the two sides failed to reach an 
agreement for allocating risks in the face 
of an uncertain revenue stream from oper-
ations of the Galileo infrastructure itself.

Under the new procurement methodol-
ogy, the production of 26 additional opera-
tional Galileo satellites in three batches of 
10, 10 and 6 will take place under open 
competitive bidding with a guarantee of 
second sourcing.

ESA will act as procurement agent 
for Galileo, subject to a future agree-
ment between the European Community, 
represented by the Commission, and ESA. 
This agreement, to be submitted to the 
European GNSS Programs Committee, 
would define the requirements and control 
measures to be put in place as well as ten-
dering procedures, including appeal and 

dispute settlement procedures.
In February, the GSA invited bids on 

an estimated €500,000 ($732,000), 18-
month contract to evaluate and propose 
refinements in the Galileo signals to opti-
mize the system’s prospects in a multi-
system GNSS world.

Compass (Beidou)
China will release details of its Compass 
(or Beidou 2) program “in the very near 
future,” including an Interface Control 
Document (ICD) for the GNSS system’s 
open civil service and a launch sched-
ule for additional satellites, according 
to representatives of the China Satellite 
Navigation Engineering Center. 

However, that announcement came 
at the Shanghai Navigation Forum 
(NaviForum) December 6-7. As of early 
February, no further details had been 
released, raising questions about the cali-
brations on the Compass timeline against 
which the an ICD release date is measured.

Meanwhile, in other NaviForum pre-
sentations, Chinese officials said that their 
country will also continue participating 
in the Galileo program but now consider 
Compass to be proceeding on a faster 
track than the European GNSS project in 
which they have a €200 million investment. 

Reconfirming earlier reports, NaviForum 
speakers said that Compass will include 30 
middle Earth orbit (MEO) satellites and 5 
geostationary (GEO) satellites with an initial 
operational capability for China and the 
East Asia region in place by 2009 and a full 
global capability later.

Much of the information revealed in the 
Shanghai meeting merely confirmed what 
had already been published by outside 
researchers: L-band signals centered at 
1561.098 MHz ± 2.046 MHz (Beidou 1 
or B1, overlaying the Galileo E2 band and 
part of the GPS L1) and 1589.742 MHz 
(B1-2 on Galileo E1 and the upper portion 
of GPS L1); 1207.14 MHz ±12 MHz (B2, 
E5b), and 1268.52 ±12 MHz (B3, on the 
lower portion of E6).

B1/B1-2 signals would use quadra-
ture phase shift keying (QPSK) and 
binary offset carrier (BOC) modulations 
similar to those employed by GPS and 
Galileo on those frequencies, accord-
ing to Yang Qiangwen, senior engineer, 
China Satellite Navigation Project Center 
(CSNPC, also sometimes referred to as 
the engineering center) in the Beijing 
region. The signals will have a pseudo-
random noise (PRN) code chipping rate 
of 2.046 Mcps and a minimum received 
power level of -163 dBW.

Beidou will provide a regional service 
over the east Asia region by 2009 and a 
global service later at an indeterminate 
date. Beidou’s open services will be offered 
without “entrance or authorization fees.”

Several of the speakers, however, also 
provided further insight into Compass and 
China’s ambitious plans for the system. Ran 
Chengqi, the CSNPC deputy director, told 
the NaviForum audience that open services 
would be operated at L1 and L5.

Officials expressed their desire for a 
“compatible and interoperable” GNSS  
system of systems that also includes 
the U.S. Global Positioning System and 
Russia’s GLONASS, but anticipate rigorous 
negotiations around a Compass frequency 
plan that overlaps crucial Galileo and  
GPS bands. Ran added, “China will work 
with the other GNSS providers under  
UN International Committee on GNSS 
(ICG) rules.” u
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2008 
ION National Technical Meeting

San Diego, California

space may or may not be — in the 
words of the old television series Star 

Trek — “the final frontier.” But it may well 
be the next frontier for navigation science, 
technology development, and practice.

In any case, space navigation received 
a thorough airing at the Institute’s 2008 
National Technical Meeting in San Diego, 
CA,  January 28–30.

It appeared in a plenary session 
presentation by Michael Moreau on the 
Constellation Program and human mis-
sions to the moon. And the conference 
went further into the subject with technical 
sessions devoted to Deep Space Navigation, 
Spaceborne Relative Navigation, and Space 
GNSS Applications.

Moreau is a flight dynamics engineer 
in the navigation and tracking section of 

the system engineering and integration 
branch of the Constellation Program Office 
at the National Aeronautics and Space 
Adminstration (NASA) Goddard Space 
Flight Center (GSFC). Constellation is the 
umbrella name for the space agency’s 
“Moon, Mars and beyond” visionary 
agenda outlined in the NASA Authorization 
Act of 2005.

These operations will require improved 
navigation and tracking capabilities to and 
around the International Space Station, 
then in the lunar missions, and finally in 
human exploration to Mars and beyond.

Different phases of space flight will 
necessarily involve various configura-
tions of navigation technologies to span 
the 238,855 miles (384,400 kilometers) 
between the Earth and Moon. The task is 

multiplied many times for the much great-
er journey to Mars, which — depending 
on the planets’ relative orbital locations 
— can vary from between about 35 mil-
lion miles (56 million kilometers) and 63 
million miles (100 million kilometers).

 
Finding the Right Technologies
NASA is currently conducting a trade study 
to determine best use of existing infra-
structure, new infrastructure, and onboard 
sensors to meet lunar navigation require-
ments.

Existing and candidate technologies 
include GPS, NASA’s Tracking and Data 
Relay Satellite System (TDRSS), Earth-
based Ground Station Tracking, lunar relay 
satellite(s), surface RF beacons, celestial 
object measurementsm and on-board sen-
sors/inertial navigation systems.

So, for example, in the launch and 
ascent phase, NASA is currently consider-
ing ground-based radar tracking data, 
the space vehicle’s on-board inertial solu-
tion, and GPS for the primary navigation 
sources and TDRSS Doppler tracking as a 
secondary source. 

By the time the spacecraft approaches 
the moon, these navigation sources 
become Earth-based ground tracking 
augmented by in-situ tracking (optical 
and two-way ranging and Doppler mea-
surements using the relay satellite) and 
onboard inertial sensors.

For the lunar return, Moreau said 
now that weak GPS signals are able to be 
tracked well beyond the system’s six-plane 
constellation sphere, GPS can potentially 
improve navigation accuracy in the 12–24 
hours preceding the Earth entry interface.

As for exploration beyond the Moon, 
NASA is looking into such things as 
advanced onboard techniques (optical 
navigation, use of GPS-like ranging signals 

Space Navigation, at ION NTM

Navigating the Final Frontier
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Exploring The Future Uses Of 
Navigation Technology

Space Navigation, at ION NTM

Behind the Scenes at DARPA’s Urban Challenge

In the movies and theater, the actors 
get all the good lines, all the limelight 

moments, all the best camera angles.
But what about the costume designers 

who clothe them, the key grips who set 
the stage, the gaffers and best boys who 
light it?

It’s often the same in real life. 
Take the DARPA Urban Challenge, 

for example. Lots of people know that 
Stanford University’s “Stanley” won the 
2005 autonomous-vehicle race across 
the California desert sponsored by the 
Defense Advanced Research Projects 
Agency.

Heck, ION even put Sebastian Thrun 
front and center at the GNSS 2007 confer-

Robotic Traffic Jam at Urban Challenge

DARPA continued on page 10

processed onboar, laser communications 
that could provide much higher data 
rates and extremely precise tracking data, 
and X-ray pulsar navigation. Regarding 
the latter technique, Moreau mentioned 
that these X-ray pulsar data are available 
throughout the solar system unlike some 
traditional tracking sources).

Looking for Answers in deep space
In the Deep Space Navigation session, 
speakers returned to the subject of using 
data from celestial sources for position-
ing and tracking. A paper by authors 
at the Naval Research Laboratory and 
ASTER (Advanced Space and Technology 
Research) Laboratories explored the 
potential for observing the arrival time of 
X-ray pulses at a spacecraft from several 
pulsars in different directions to enable a 
spacecraft to autonomously determine its 

location in a manner similar to GPS.
In a later presentation, UCLA research-

ers extended the idea of using pulsar sig-
nals to relative navigation among multiple 
space vehicles. The technique is based on 
detecting a distinct pulsar profile at each 
spacecraft and estimating the time delay 
between the measurements. 

A pair of speakers from the NASA/
CalTech Jet Propulsion Lab detailed work 
there to employ a proposed array-based 
deep space network (DSN) — rather than 
single-dish–based techniques — to gener-
ate range, Doppler, and angular position 
(tracking) measurements for spacecraft.

Another session on the theme of Space 
GNSS Applications turned out to be wide-
ranging discussion of diverse efforts to 
build space-qualified GNSS receivers. 

Steve Sirotzky, of Perot Systems, took 
his audience through a close-up exami-

nation of the lessons learned in GSFC’s 
in-house development of the “weak-sig-
nal” Navigator GPS receiver that is cur-
rently expected to fly on the Hubble Space 
Telescope servicing mission scheduled for 
September 2008. 

Sirotzky singled out several anoma-
lies that appeared during testing of the 
Navigator boards, the problem analysess, 
and solutions achieved by the GSFC engi-
neering team. A complementary presenta-
tion discussed the expected performance 
of the Navigator in other phases of lunar 
flight.

Another pair of presentations outlined 
efforts by a group of French research orga-
nizations to design a GPS/Galileo receiver 
that would also be capable of operating in 
weak-signal environments. u
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ence to describe how the Stanford Racing 
Team engineered its way to victory with a 
medley of navigation and sensor arrays. 
(See Fall 2007 ION Newsletter.)

Many people probably also know that 
Carnegie Mellon’s Tartan Racing team 
came back to win the follow-on DARPA 
Urban Challenge last fall. (More in accom-
panying story.)

But how many people know about the 
300-plus people it took to stage the Urban 
Challenge? The course planners, the pur-
suit cars, the logistics handlers, the race 
monitors, the drivers of the dummy traffic 
vehicles, the scorers, and on and on?

Well, the several hundred people who 
caught this year’s opening plenary session 
at the ION National Technical Meeting did. 
Because they had the rare opportunity 
to hear Dr. Norman Whitaker, the Urban 
Challenge program manager, describe the 
meticulous months-long efforts behind the 
scene that produced the event. 

Multiple rounds of evaluation and 
competition winnowed down 85 teams 
from eight countries to 35 semifinalists 
from 22 states who traveled to the 60-mile 
Challenge course on George, Air Force 
Base near Victorville, California. Eleven 
finalists competed in the final round.

The goals of the DARPA project are 
threefold: advance technology develop-
ment to meet military requirements, build 
and inspire the technical community, and 
change perceptions about what is possible

The latest incarnation of the DARPA 
challenge built on lessons learned from 
the first two rounds of competition (March 
2004, October 2005) that saw vehicles fol-
lowing a 130-miles-plus desert course that 
was restricted to the autonomous vehicles. 
No vehicles completed the course in the 
first challenge, but four managed it in the 
2005 contest.

“We learned that the logistics are a lot 
easier for starting rather than ending at 
the same point,” Whitaker said of those 
first challenges, which provided a series of 
GPS waypoints or “bread crumbs” for the 
vehicles to follow. “Eighty percent of the 
time, they are following waypoints. It’s the 

other 20 percent that jumps up and bites 
you,” referring to GPS signal outages most 
frequently caused by terrain masking.

In the 2005 Grand Challenge, DARPA 
had paid a rancher to keep his cattle off 
the course, but some horses strayed into 
the race anyway. At that point, Whitaker 
said, DARPA realized that “there was a 
need to avoid unexpected obstacles. So, we 
came up with the Urban Challenge idea, to 
have a dynamic experience rather than a 
canned program.”

That led the agency to Victorville, 
California, and the Marine training 
grounds at George AFB. The site condi-
tions ensured that any damage caused 
by runaway vehicles would be minimal, 
because training activities have already rav-
aged the facilities.

“When Hollywood wants to show what 
the end of the world looks like, they go 
there,” Whitaker observed. 

At the base, Urban Challenge staff 
laid out a course with two- and four-lane 

roads, a traffic circle with multiple merge 
and exit points, four-way intersections, 
multiple turns across traffic lanes, GPS 
signal “drop-out” areas, a parking lot, 
driveways, and traffic vehicles driven by 
human volunteers. 

Within this course, three test areas 
were set up to evaluate the vehicles ability 
to make yield turns (left-hand across the 
path of on-coming vehicles) and merge 
into traffic, navigate and park in a lot, 
and maneuver through four-way intersec-
tions and around road blockages.

Teams were given a route navigation 
data file (RNDF) with surveyed waypoints 
along the course, including stop signs at 
intersections.

 “It was a knuckle-biter,” he said. “We 
were ‘high-fiving’ each time they passed 
each other.”

To provide realistic traffic conditions, 
vehicles driven by professional drivers 
— “very, very brave individuals” —  
traversed the course eight hours a day 

DARPA continued from page 9

Above: Course layout at Urban Challenge; photos at right, autonomous ground vehicle (AGV) finalists  
at 2007 Urban Challenge
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Rich Technology Mix Guides Urban 
Challenge Vehicles

going about 10 miles per hour. 
“We told them if the robot ever cuts 

you off, honk your horn,” Whitaker said. 
“A couple of them collided with autono-
mous vehicles. We told them you’re the 
first robot/human traffic victim.”

“Everybody said this was going to be a 
demolition derby,” said Whitaker, noting 
that in the 2005 Grand Challenge, com-
peting vehicles faced no head-on interac-
tions. Despite the planned and unplanned 
challenges of the course, however, the 
2007 event created a couple of thousand 
head-on interactions, but resulted in only 
two collisions and two near-misses.

The novelty and success of the DARPA 
competitions have stimulated organi-
zations in other nations to come up 
with their own contests, Whitaker said. 
“Since we’ve started this, other Grand 
Challenge–type events have been started 
up in Singapore, Switzerland, the United 
Kingdom, and elsewhere.” u

In the first Grand Challenge sponsored 
by the Defense Advance Research 

Projects Agency (DARPA), none of the 
autonomous ground vehicles (AGVs) 
made it to the finish line of the 142-
mile, March 2004 race from Barstow 
California, to Primm, Nevada.

A year and a half later, five AGVs made 
it through a slightly shortened desert 
course in the DARPA Grand Challenge II 
(DGC II), with the Stanford (University) 
Racing Team’s “Stanley” taking home the 
$2 million cash prize.

Encouraged by the success of the 
cross-country event, the race organizers 
raised the bar: a 60-mile course through 
simulated urban conditions, including 
unpredictable cross-traffic involving other 
AGVs and human-operated vehicles. 

At the end of the day (November 3, 
2007), Carnegie Mellon’s Tartan Racing 
Team edged five other finishers to carry 
off the $2-million first-place award. 
Stanford Racing’s “Junior” won the  
$1 million second-place prize, while 
Victor Tango’s “Odin” from Virginia 
Technical Institute received $500,000 for 
finishing third. 

The Urban Challenge prize-winners 
competed as part of a field of 11 final-
ists selected from 35 semifinalists that 
competed in the National Qualification 
Event (NQE) prior to the final competi-
tion. Semifinalists were selected from an 
original field of 89. 

The Urban Challenge NQE and the 
main event took place October 26 to 
November 3 at the former George Air 
Force Base in Victorville, California, that 
is used by the U.S. military to train for 
urban operations. The network of roads 
on the site effectively simulated the type of 
terrain American forces operate in when 
deployed overseas.

Vehicles that competed in the Urban 
Challenge were required to operate 
entirely autonomously, without human 
intervention, as they obeyed California 
traffic laws and performed maneuvers 
such as merging into moving traffic, 
navigating traffic circles and avoiding 
obstacles. The vehicles had to “think” 
like human drivers and continually make 
split-second decisions to avoid moving 
vehicles, merge into traffic and safely pass 
through intersections. 

Urban continued on page 19

Urban Challenge top 3 finishers: from left, Tartan Racing, Stanford Racing, and Victor Tango vehicles
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This year’s National Technical 
Meeting, (NTM) held in beau-
tiful San Diego, California, 
focused on exploring the 
future uses of navigation tech-
nology and was attended by 
more than 330 people.

The NTM 2008 program 
was led by Dr. John Betz, The 
MITRE Corporation, general 
chair and James Simpson, 
NASA Goddard Space Flight 
Center, program chair. The 
Institute of Navigation would 
like to extend its thanks to 
them for their considerable 
time and effort and to all the 
session chairs and other ION 
members whose efforts went 
into making this meeting a 
success. 

National Technical Meeting 2008
The Catamaran Hotel, San Diego, California

January 28-30, 2008

THANK YOU EXHIBITORS

746th Test Squadron 

Boeing

Cast Navigation, LLC

L-3 Communications IEC

NavtechGPS

Raytheon Space and  
Airborne Systems

Spirent Federal Systems

Dr. John Betz, ION general chair; John Lavrakas, ION president; 
James Simpson, ION program chair
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A Walk in the Park
GPS measures severity of peripheral artery disease by tracking patients on walks

A French vascular laboratory study took place in public parks like this botanical garden in Angers.

clinical and technical issues still to be 
tested: researchers have to determine the 
reliability of measurements from one GPS 
device versus another from the same com-
pany, or from different companies.

Co-authors on the study were Alexis 
Le Faucheur, Vincent Jaquinandi, Philippe 
Bouye, Jean Louis Saumet, and Benedicte 
Noury-Desvaux. Their work was published 
in February in Circulation, the Journal 
of the American Heart Association. The 
researchers work in Angers, the “most 
flowered city in Europe,” with extensive 
fresh-produce and cut flower markets and 
many landscaped parks. u

It made sense that the university hospital 
in Angers, France found a better way 

to judge the severity of peripheral artery 
disease (PAD) in patients with clogged leg 
vessels.

Who wants to be tested inside on a 
treadmill when you could walk around 
a French city famous for its flowers and 
parks?

Normally, PAD sufferers are tested by 
walking on a treadmill in a vascular labo-
ratory until severe pain stops them. But 
researchers at the CHU Angers – a public 
research hospital in the Anjou region 
southwest of Paris – found that a walk in 
the park with a personal navigation device 
was less expensive and gave better results.

The researchers equipped 24 PAD 
patients with a $450 commercially avail-
able GPS navigation device and a computer 
spreadsheet. Clinicians recorded and ana-
lyzed the maximal walking distance (MWD) 
of the participants as they strolled through 
a public park. MWD is the longest distance 
a person can walk at one time at a normal 
pace on a flat surface before leg pain forces 
him or her to rest.

Dr. Pierre Abraham, senior author of 
the study, said the GPS measurements of 
MWD were largely superior to that mea-
sured on a treadmill. “Most patients report-
ed that the unconstrained outdoor walking 
better reflected their usual walking capacity 
compared to the treadmill,” Abraham said.

GPS data showed distance walked, 
speed, duration of rest and the number of 
walking intervals over a prolonged period. 

The study participants ranged in age 
from 39 to 79 years old. They were told to 
walk at their usual pace for at least 45 min-
utes, including rest periods required by leg 
pain. They could stop walking and rest as 
long as they liked when pain struck.

The outdoors data turned out to be  
better than vascular laboratory data 

in three ways  — patients self-estima-
tion of how far they could walk during 
an average day in comparison to their 
treadmill time was less reliable than the 
GPS measurement, their MWD was longer 
in the park than on a treadmill, and the 
intervals between stops were longer in the 
park than in the hospital, even without a 
researcher encouraging them on.

If additional studies confirm the find-
ings, Abraham thinks GPS may be used 
to assess other cardiovascular problems, 
including heart failure and exercise-
induced low oxygen levels in patients with 
respiratory disease.

Abraham says it will be a while before 
GPS becomes a standard tool in the vas-
cular physician’s toolkit. Among the many 
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from the ion historian, marvin may

Navigating the Space Race
The Institute of Navigation 1957-1962

Fifty years ago, the United States was in 
a furor over the Soviet Union’s launch 

of Sputnik I on October 4, 1957.  Many 
Americans (at least those not watching the 
premiere episode of “Leave it to Beaver”) 
were fearful of the prospect of a satellite 
in orbit and began to doubt the American 
educational system, while others openly 
attacked it. 

The uproar over Sputnik’s launch took 
several days to build as opinion-mak-
ers struggled to interpret the event in the 
wider context of U.S. national security. 
Senate Democratic majority leader Lyndon 
Baines Johnson saw in Sputnik an issue 

important to the nation that could advance 
his career and party. According to his aide 
Glen Wilson, Johnson launched plans that 
very night for a public investigation into the 
state of U.S. satellite and missile programs 
in the Senate Preparedness Subcommittee, 
which he chaired. 

On October 9, 1957, President 
Eisenhower faced the press for the first 
time since the launch. Seeking to calm 
Congress and the public, he assured 
reporters that Sputnik contained “no addi-
tional threat to the United States,” adding 
that the Soviets had only “put one small 
ball in the air.”

The Race Begins 
When asked how his administration could 
have let the Soviets be first in space, 
Eisenhower said that “no one ever sug-
gested to me . . . a race except, of course, 
more than once we would say, well, there 
is going to be a great psychological advan-
tage in world politics to putting the thing 
up, but . . . in view of the real scientific 
character of our development, there didn’t 
seem to be a reason for just trying to grow 
hysterical about it.” 

Although much of the public at the 
time regarded Eisenhower as a “do-noth-
ing” golf-playing figurehead, historians 
now consider that he saw Sputnik as an 
opportunity to jump-start America’s  space 
program and unleash its technological 
prowess.

As documented in The Institute of 
Navigation’s journal, NAVIGATION, our 
community responded vigorously to the 
perceived threat and technical challenges. 
Only a few months after the launch, an 
article entitled “Radio Bearings of the 
Satellite SPUTNIK” was published in the 
1957-8 winter issue of the ION journal. 

The author, Dr. Maximilian Wächtler, 
was a German pioneer of radio direction-
finding technology.  His article showed 
visual radio bearings of Sputnik I taken 

First launch of TRANSIT satellite, 1960. 
NASA photo

Russian technician with Sputnik I
NASA Photo
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problem is attacked at once and pursued 
vigorously. . . .” 

GPs Beginnings
It is not certain whether Moody was 
aware of two researchers at the Johns 
Hopkins Applied Physics Laboratory in 
Baltimore, MD, William Guier and George 
Wiefenbach, who figured out a way to 
determine Sputnik’s orbit simply by mea-
suring the Doppler-induced changes in  
the frequency of the simple radio signal 
that it transmitted. 

One month later, in a Eureka moment 
of navigation history, scientists at JHU/
APL conversely reasoned that a satellite 
receiver’s position on the earth could be 
determined from the received Doppler 
measurements if the satellite’s orbit was 
known. 

On April 13, 1960,  TRANSIT 1B, the 
first successful navigation satellite was 
launched for the U.S. Navy. The TRANSIT 
system was designed to meet the Navy’s 
need for accurately locating ballistic mis-
sile submarines. On December 19, 1962 
the system was declared operational with 
the launch of TRANSIT 5A1.

Clearly, America’s technological 
prowess in space navigation had been 
unleashed with a vigor and alacrity that 
even its most ardent proponents had  
not anticipated. u

using a radio direction finder, manufac-
tured by Plath GmbH, which Wächtler had 
co-founded in 1954. 

IOn enters the space Age
The very next issue of the journal, Spring 
1958, was totally devoted to space naviga-
tion. In the first article, “Space Navigation 
and the Institute,” Samuel Herrick, then 
chairman of the Institute’s executive com-
mittee, wrote that one of the mottoes of 
The Institute of Navigation from its earliest 
days had been “navigation from raft to 
rocket.” and that “space navigation, as 
well as sea and air navigation, was a major 
incentive to the founding of ION.”

 

That spring issue of NAVIGATION also 
contained several articles that blueprinted 
the space navigation challenges addressed 
over the next several decades. Kraft Ehricke 
of Convair’s Astronautics Division detailed 
the mathematics of 
interplanetary travel that 
provided the basis for a 
space-borne navigation 
system, coupled with a low 
thrust maneuvering system 
for correction maneuvers. 

Donald Duncan of 
North American Aviation’s 
Autonetics Division authored 
“Inertial Guidance and Space 
Navigation”. He pointed out 
that direct application of iner-
tial navigation principles for 
long-duration space missions 
would be impractical due to 
the lack of a terrestrial gravity field which 
bounds the Schuler oscillations. 

President John Kennedy announces his space initiative, May 25, 1961
NASA photo

ION’s Motto: 
“Navigation from  
Raft to Rocket,”  

Samuel Herrick, 
1958 ION chairman

Louis Walter of Aeronutronic Systems 
established the parameters of landing on 
the moon in his article entitled “Lunar 
Trajectory Mechanics.” About three years 
later, on May 25, 1961, President John 
F. Kennedy launched his famous space 
initiative with the words: “I believe that 
this nation should commit itself to achiev-
ing the goal, before this decade is out, of 
landing a man on the moon and returning 
him safely to the Earth. . . . No single space 
project in this period will be more impres-
sive to mankind, or more important for the 
long-range exploration of space, and none 

will be so difficult or expensive 
to accomplish.”

The next issue, Summer 
1958, contained “Use of 
Satellites for Navigation,” by 
Commander Alton B. Moody 
of the United States Navy 
Hydrographic Office. He 
succinctly presented some 
potential advantages and 
technical challenges asso-
ciated with a navigation 
system based on artificial 
satellites. 

Moody wrote,“It does 
not appear to be unrea-

sonable that an accuracy of position of 0.1 
mile anywhere on the surface of the earth 
might be attainable within ten years, if the 
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navigation novelties

What’s New in the PNT World?

Bridezilla’s Best Friend
Did you send thank-you notes for 
all of those wedding gifts? Sure you 
did . . . and soon you may be able to 
prove it, with the GPS Letter Logger. 
With a Texas Instruments micropro-
cessor and a u-blox ANTARIS 4 GPS 
module, the tracker fits in a number 10 
business envelope and is sturdy enough 
to go through the U.S. Post Office sorting 
machines without damage. It’s only ¼” 
thick and its surface area is letter-fold 
size.

TrackingTheWorld, based in 
Burlingame, California, USA, developed 
the gadget with post office requirements 
in mind. USPS delivers 212 billions pieces 
of mail each year and commissioned the 
GPS developers to develop a tool that tells 
them where the bottlenecks are – where 
and how long a piece of mail spends in 
one place. 

The letter logger is scheduled to be 
released in February – how soon the 
commercial version will be available 
is anyone’s guess. TrackingTheWorld 
designs custom GPS products, OEM,  
and software. 

iPhone, Where Are You?

The wildly popular iPhone – a multime-
dia and Internet-enabled mobile phone 
introduced last year by Macintosh – still 
doesn’t have GPS on its most recent 
update (1.1.3).

But you can find out where you are 
nonetheless.

According to a January 2008 
Macworld review by Dan 
Moren, the iPhone uses 
network signals to fix 
location via new software 
by Google and Skyhook 
Wireless integrated 
into its updated 
“Maps” function. 

Google’s “My 
Location” uses cell 
phone tower data 

to triangulate your posi-
tion with claimed accuracy of 1000 

meters. Skyhook does it using their data-
base of 23 million-plus Wi-Fi hotspots, 
with claimed accuracy of 20 meters. 

Moren says the location feature works 
pretty well, with the Wi-Fi positioning 
“considerably more precise.”

Are the Kids All Right?

A British start-up company that special-
izes in slash-proof clothing for police, 
extreme sportsters, and those with gener-
ally edgy lifestyles, has expanded its mar-
ket to worried parents. Bladerunner has 
introduced a new GPS-equipped jacket 
for kids. 

The GPS-enabled jacket has a 15-hour 
battery, and with purchase of a service, 
will pinpoint the location of the wearer 
on Google Earth, alert subscribers if the 

jacket occupant goes out of bounds or 
misses their curfew. You can buy a Kevlar 
lining, too.

Of course, those who have already 
raised kids know that purchasers of the 
outerwear will soon be receiving most of 
their messages from lost jackets, lying wet 
on the playground.

In the last year or so, we’ve seen a 
number of wearable or carryable items 
that use GPS to locate the wearers – with 
or without their knowledge. Good for the 
caregivers of babies, Alzheimers patients, 
and inmates on work release. For the rest 
of us? Stay tuned. 

Last Word
British newspaper The Daily Telegraph 
reports that satellite navigation devices 
have been blamed for causing millions of 
pounds worth of damage to railway cross-
ings and bridges.

The British rail system claims 2,000 
bridges are hit every year by trucks that 
have been directed by in-vehicle naviga-
tion systems along inappropriate roads 
for their size.

They said the damage and disruption 
has cost the rail indus-
try £10 million a year 
and 5,000 hours of 
delays. A Network 
Rail spokesman 
said, “Satnavs are 
a great tool but 
they are not an 
alternative for 
keeping your 
wits about 
you.”
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See How They Run

Australia’s cricket team members are fit-
ted with GPS vests during matches — the 
valuable data they have come up with is 
part of Australia’s effort to stay on top of 
the heap. The GPS devices measure heart 

rate, speed and distance --- some players, 
it turns out, run up to 18 miles during a 
game. Analysis from the vest is helping 
to determine which players need to be 
rested to prevent burnout.

At the 20th international games against 
New Zealand last December, information 

from the GPS was communicated live to 
Channel Nine TV broadcasters during the 
game … with the permission of the play-
ers, sources emphasize.

Australia believes no other country is 
using a similar system. u

Due June 30 
Parkinson Award Nominations 
Graduate students in GNSS technology, applications, or policy 
who have completed a single-author thesis or dissertation 
and who are ION members are eligible for this prestigious 
award and $2,500 honorarium. Nominations are to be sub-
mitted by a regular or research faculty member of a college or 
university. 

This award honors Dr. Bradford W. Parkinson for estab-
lishing the U.S. Global Positioning System and the Satellite 
Division of The Institute of Navigation. 

For application details and entry rules go to www.ion.org. 
Nominations must be received by June 30.

Due June 30
Kepler Award Nominations 
The purpose of the Johannes Kepler Award is to honor an 
individual for sustained and significant contributions to 
the development of satellite navigation. The winner of this 
award will be determined by a special nominating commit-
tee. The Kepler Award is presented only when deemed appro-
priate. All members of The Institute of Navigation are eligible 
for nomination. You are encouraged to submit the names of 
individuals for consideration. 

To submit a nomination, go to the ION website at  
www.ion.org. Click on Awards, scroll down, click on Kepler 
Award, then click on the Awards form for complete nomina-
tion instructions. Nominations must be received by June 30. 
Nomination packages may be sent to: Satellite Division 
Awards Committee Chair, The Institute of Navigation,  
3975 University Drive, Suite 390, Fairfax, Virginia 22030. 

Melbourne Cricket Stadium
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rtca corner: rtca sc-159 september 
& december 2007 minutes

Special Committee 159 – GPS Gives Preliminary 
Approval to MOPS for Ground-Based Regional 
Augmentation System (GRAS) Airborne 
Equipment 

At its September 21, 2007, meeting at RTCA head-
quarters, Washington, D.C., Special Committee 159 
received and approved the proposed GRAS Minimum 
Operational Performance Standards (MOPS) except 
for the sections on the velocity figure of merit (FOM), 
as requested by WG-8 GPS/GRAS. The working group 
had distributed draft GRAS MOPS to RTCA SC-159 
members in early July for final review and comment 
(FRAC) and received 10 ballots, all favorable. A total 
of 145 comments were also received, all of which 
were resolved by WG-8 except for the velocity-related 
sections, which WG-8 considers essential in order to 
accommodate the needs of automatic dependent sur-
veillance–broadcast (ADS-B). The committee agreed 
to revisit the issue at a special SC-159 meeting on 
December 7, pending further joint development of 
these sections by Honeywell and Rockwell representa-
tives. (See December meeting minutes below.)
The SC-159 meeting explored a variety of other 
topics in presentations and discussions aris-
ing from the committee’s working groups. 

GPS/Third Civil Frequency (WG-1) 
Chair A. J. Van Dierendonck said that he would 

attend the Interface Control Working Group (ICWG) 
meeting the following week to discuss data mes-
sages in IS-GPS-705. In earlier RTCA SC-159 meet-
ings that the GPS Wing had removed Issue-of-Data 
for Ephemeris (IODE) and Issue-of-Data for clock 
(IODC) messages in the GPS III Specification without 
coordination with the civil community and that Chris 
Hegarty and he had been trying to find a remedy.

GPS/WAAS (WG-2)
Deane Bunce of the FAA GPS Product Team pre-

sented a status briefing on the WAAS and future plans 
for WAAS, which will be implemented in phases.  
The current phase is Full LPV Performance (FLP) 
Phase, also called Phase II; the next phase is Full 
LPV-200 Performance Phase, also called Phase III, 
which would last from 2009 through 2013 and would 
include a third GEO. The following phase, Phase IV, 
would include dual-frequency (L1/L5) operations and 

would last from 2014 through 2028. Gerard Alcouffe 
presented a briefing on EGNOS status and EUROCAE 
SBAS L1/L5 activities. Deployment and test of EGNOS 
will be done in 2008. Activity on EGNOS-based LPV 
procedures is just starting. Todd Walter gave a briefing 
on FAA’s on-going GNSS Evolutionary Architecture 
Study (GEAS) activity, whose main objective is to 
assess which future GNSS architectures could provide 
worldwide LPV-200 capability around 2020-2025.

GPS/Precision Landing Guidance (WG-4) 
The working group heard a presentation on the 

FAA LAAS program status. The ground-based aug-
mentation system (GBAS) design approval process 
for Honeywell is in progress, and another application 
for GBAS system design approval submitted by LENS/
MERC (comprising a team of people affiliated with 
Oklahoma University) has begun. CAT III R&D efforts 
continued to develop ground system requirements 
compatible with the aircraft operations and approval 
process. WG-4 will continue to develop LAAS MOPS 
and LAAS ICD (for GPS L1 only) that supports CAT II/III 
with a plan to produce “FRAC-able” documents by the 
spring 2008, assuming that the FAA in parallel works 
a LAAS CAT II/III ground specification and achieves a 
similar level of maturity. WG-4 papers are available on 
web site <http://SC159.tc.faa.gov> (click on WG #4).

GPS/Interference (WG-6)
WG-6 prepared a pre-FRAC draft version of its 

update to DO-235A and briefed a summary of the con-
tents to a joint WG-2/-4/-6/-8 meeting on September 
19. The group determined that aggregate radiated 
emission from cockpit-installed equipment would 
have to be lower than in the current DO-160E. For 
GNSS noise test conditions, the group agreed to com-
bine refined lower GNSS self-noise with on-board aero 
continuous RFI for an overall test value. This change 
increases the SBAS value by 0.2 dB and the GPS acqui-
sition value by 0.7 dB for all classes of equipment. WG-
6 agreed to propose changes to “external” RFI. These 
changes will need to be included in the next version of 
DO-229 and TSO-C145 and C146 modifications. 

GPS/Antennas (WG-7)
The group heard a presentation on the results 

of an antenna thickness study performed by Dr. Jeff 

Williams of University of Houston. The study indicates 
that the L1/E5 antenna would have to be approxi-
mately 1.25 inches thick in order to support extended 
bandwidth by about 50 MHz, validating the estimates 
presented by EUROCAE WG62. This thickness exceeds 
the 0.75 inch maximum specified in ARINC 743A. On 
the other hand, the L1/L5 antenna would likely meet 
a 0.75 inch requirement. 

SC-159 Approves Revised GNSS-Relevant RFI 
Document

At a special December 7, 2007, meeting SC-159 
approved Revised DO-235A FRAC as amended and 
granted WG-6 editorial authority to complete the out-
put document. It will be published as DO-235B with 
its title slightly modified from the title for the ear-
lier version, DO-235A. Its title is to be changed from 
“Assessment of Radio Frequency Interference Relevant 
to the GNSS” to “Assessment of Radio Frequency 
Interference Relevant to the GNSS L1 Frequency.” The 
change was to distinguish it from DO-292, the GNSS 
L5 band RFI assessment report. 

Although all recommendations in posted FRAC 
version remain unchanged, one new recommendation 
was added during the comment resolution process. 
The new recommendation is to develop more compre-
hensive modeling of inter- and intra-system L1 GNSS 
interference that includes the following: 
• Simulation of larger GPS constellation with eleva-

tion angle statistics 
• Application of the inter-satellite differential 

Doppler at each time step and the effect on the 
spectral separation coefficient (SSC) 

• Interference from other RNSS systems as their 
plans evolve 

• Analysis of a WAAS data demodulation link bud-
get at a location with a 5-degree elevation angle 
to the WAAS GEO.

The next meeting of RTCA SC-159 was scheduled 
for the week of January 21-25, 2008, at RTCA 
Headquarters. The subsequent meeting will be 
during the week of  April14-18, 2008. 
Co-Chairmen: Christopher Hegarty, MITRE/
CAASD; George Ligler, PMEI
Secretary: Young Lee, The MITRE Corporation
Program Director: Harold Moses, RTCA, Inc.
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GPs, Inertial On Board
GPS and inertial measurement units 

served as the AGVs primary navigation 
systems, but all 11 finalists also had LIDAR 
systems on-board to aid with obstacle 
avoidance and guidance, 7 added radars, 
another 7 incorporated mono-vision cam-
eras, and 3, stereovision.

Applanix’s GPS-supported inertial suite, 
Position and Orientation Systems for Land 
Vehicles (POS LV), was reportedly on 
board 7 of the 36 semi-finalists, includ-
ing the top two finishers. VTI’s system on 
board Odin incorporated a ProPak-LBplus 
GPS receiver from NovAtel, Inc., of Calary, 
Alberta, Canada. The NovAtel product had 
also provided guidance and positioning to 
Stanford’s winning entry in 2005. All three 

Urban continued from page 11 winners also used satellite-based real-
time differential GPS service provided by 
OmniSTAR.

The electronics-rich environment on 
the vehicles and Urban Challenge course 
— vehicle-borne cameras and laser 
radars, handheld radios, the emergency-
stop systems to shut down out-of-control 
vehicles, and a Jumbotron television moni-
tor on the field — posed a technical chal-
lenge of its own: RF and electromagnetic 
interference (EMI) that introduced noise 
into the sensitive GPS systems. 

In 2001, the U.S. Congress authorized 
DARPA to offer prize money ($1 million) 
for the first Grand Challenge to facilitate 
robotic development, with the ultimate 
goal of making one-third of operational 
ground vehicles autonomous by 2015. u

corporate 
Profile

 
NGS: Positioning 
America For the Future 

NOAA’s National Geodetic Survey 
(NGS) defines and manages a 
national coordinate system. This 
network, the National Spatial 
Reference System (NSRS), pro-
vides the foundation for trans-
portation and communication; 
mapping and charting; and a 
multitude of scientific and engi-
neering applications. 

Committed to making trans-
portation and navigation safer, 
NGS conducts aerial photogra-
phy surveys near airports in the 
United States and its possessions 
to position obstructions and aids 
to air travel. NGS also maps the 
coastal regions of the United 
States and provides data for 
navigational charts. 

NGS develops federal stan-
dards for geodetic surveys and 
helps to coordinate surveying 
methods. NGS State Geodetic 
Advisors are stationed in several 
states to work with local com-
munities to expand surveying 
capabilities.
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DAYTON SECTION. 
Members are planning for 
the 5th Annual Robotic 
Lawnmower Competition. 
This year promises to 

be the biggest yet, with 14 universities 
interested in participating in the basic or 
advanced competitions. The latter will 
feature several problems, such as a picket 
fence, flower bed, and a moving obsta-
cle! The event is sponsored, so far, by the 
Satellite Division and the Air Force Research 
Laboratory Sensors Directorate.  Additional 
sponsors are invited. Information, includ-
ing videos from previous competitions, is 
at www.automow.com . The section has 
met twice since October. In November, 
Ms. Seebany Datta-Barua, a Ph.D. can-
didate under Per Enge and Todd Walter 
at Stanford, addressed the members. She 
described construction of a spatial model 
of the ionosphere during an extreme dis-
turbance event. Researchers developed a 
regional 3-D electron density model by 
identifying the latitudinal and longitudinal 
regions of continuity based on total elec-
tron content (TEC) maps from the dual-fre-
quency, ground-based GPS network data 
in the United States from the period. 

They also used TEC measurements 
made by spaceborne GPS receivers as they 
passed through the region of anomalous 

ION Member News and Notes

SOUTH EASTERN 
SECTION. ION mem-
bers in the south 
eastern US are excited 
to announce the for-

mation of a new ION Section: The South 
Eastern Section.  This section is currently in 
the process of holding elections and deter-
mining their meeting schedule.  The new 
Section members look forward to giving 
back to the ION and helping host the 1st 
Annual Mini-Urban Challenge. Members 
of the Dayton and and newly formed 
South Eastern Section have been busy 
planning for the 1st Annual Mini-Urban 
Challenge to be held during the 08-09 
school year.  The purpose of this competi-
tion is to challenge high school students to 
design and operate a robotic unmanned 
car built from a LEGO® MINDSTORMS®kit 
that can accurately navigate through 
a LEGO® city.  For the first year of the 
competition, regional competitions will 
be held in FL and OH with regional win-
ners moving on to a national competition 
to be held in conjunction with the 6th 
Annual Robotic Lawnmower Competition 
in Dayton, OH.  In following years, chal-
lenge organizers would like to see other 
ION Sections hosting regional competi-
tions.  Please stay tuned for updates on the 
progress of the competition throughout 
the year.  For more information on the 
competition, please check out its website 
at www.miniurbanchallenge.com. u

Section News and Notes

ionosphere to help constrain the altitu-
dinal variation of the electron densities. 
The results of the study suggested the 
ionosphere threat models developed for 
the FAA’s WAAS and LAAS systems are 
sufficiently conservative to give single-
frequency GPS users adequate integrity 
even during extreme storms. In January, 
Lt. Brendan O’Neal of AFRL reported on 
the topic of Near Field Electromagnetic 
Ranging. NFER is being applied to prob-
lems such as tracking pallets in ware-
houses and vehicles in parking garages. 
NFER uses the phase difference between 

Lt. Brendan O’Neal

the electric and magnetic fields in the 
near-field of an antenna to provide a range 
measurement. The effective range of the 
technique depends on the frequency, and 
systems using several frequencies can 
operate over larger areas. Use of lower 
frequencies affords advantages because 
the signals are less easily deflected and can 
penetrate some walls and foliage. 

Lt. O’Neal summarized a study fund-
ed by DARPA that tested one company’s 
technology in an open field, indoors, 
and underground. The test results were 
consistent with the theory of operation. 
Other military applications are being con-
templated. 

The Dayton Section normally meets 
every month on the second Thursday  
at the Hope Hotel, Wright-Patterson  
AFB, Ohio.  u

Ms. Seebany Datta-Barua and Dr. Jacob Campbell
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W A S H I N G T O N 
SECTION.  The 
Washington D.C. sec-
tion met on August 
15 at the U.S. Naval 

Observatory to hear Frank Czopek of The 
Boeing Company present “How Do GPS 
Satellites Die”. The following is a sum-
mary of his presentation.

Originally the Block II/IIA GPS satel-
lites were designed to last six years and 
all but a few have surpassed that mark 
with ease. How long will they last? The 
GPS program has been working on this 
question for nearly 10 years. In this time, 
an analytical statistical approach has 

been developed to address this issue.  This 
approach has been possible due to the 
size of GPS satellites.  The talk reviewed 
the history of the model and how random 
events can be modeled.  Also how the 
model has stood up to challenges and a 
discussion on the impact of the model to 
various communities (Technical, Military, 
Civil, Budget and Policy).

The section met again on December 
3 at Al Crostino restaurant. Dr. Mikel 

Miller, Eglin Air Force Base discussed the 
Fourth Annual ION Robotic Lawnmower 
Competition that was held from May 
31 to June 2, 2007 on the grounds of 
Wright-State University in Dayton, 
Ohio. Organized by the ION’s Dayton 
Section with sponsorship by the ION’s 
Satellite Division, the Air Force Research 
Laboratory (AFRL) Sensors Directorate, 
and Honeywell, the yearly contest gives 
out more than $30,000 in prize money 
to students that best use the art and  
science of navigation to mow the grass. 
The competition has two major catego-
ries: static and dynamic mowing. The 
static competition involves the autono-

mous mower to mow an approximately 
10 x 15 meter mowing area while avoid-
ing two statically mounted obstacles. The 
dynamic competition is similar with the 
exception that the “dynamic obstacle” is 
another remote controlled lawn mower. 
The competition will occur again this year 
in Dayton from June 5 – 8, 2008. u

Happy hour with Section Treasurer Chuck Schue

Meeting speaker Dr. Mikel Miller

ALBERTA CANADA 
SECTION. Attendees 
at the October 19 
meeting heard a 
presentation by Drs. 

Mark Petovello and Cillian O’Driscoll, 
Senior Research Engineers in the PLAN 
Group at the University of Calgary who 
gave a presentation titled “ PLAN Group’s 
Software-Based Receiver: Current Status, 
Ongoing Work and Ultra-Tight GNSS/INS 
Integration”. The PLAN Group has been 
conducting research with a software-
based GNSS receiver for the past few 
years. The presentation gave an update of 
this work with special attention given to 
its current status, new signal acquisition 
and tracking, advanced receiver architec-
tures and ultra-tight GNSS integration.

At the November 22 meeting Ms. 
Sandra Kennedy, SPAN Functional 
Manager at NovAtel gave a presentation 
titled “NovAtel’s GNSS + INS Products”. 
The section learned about NovAtel’s 
SPAN (Synchronized Position Attitude 
Navigation) system. The product is a 
deeply coupled GPS/INS system that can 
only be realized with direct access to 
the receiver core. It provides a real-time 
navigation solution, and can simulta-
neously log raw data for post-process-
ing. Post-processing is performed with 
Waypoint’s Inertial Explorer (IE) software 
package with a RTS fixed interval optimal 
smoother.

The section met again on January 
25 to hear Mr. Phil Gabriel, VP & General 
Manager of the Precision Products 
Business Unit at Hemisphere GPS. His 
presentation was “The ‘New’ Hemisphere 
GPS”. His presentation is available for 
download at www.ion-alberta.org/
meetings. u

S O U T H E R N 
CALIFORNIA SECTION.  
Forty-eight people 
attended Gaylord 
Green’s talk at NavCom 

on Feb. 12, 2008.  Col. Green presented 
results from the Gravity Probe B satellite 
experiments.  An additional 12 people 
viewed the presentation through our 
internet hookup with live meeting.  The 
remote attendees included individuals 
from Des Moines, Iowa, Bismarck, North 
Dakota, Moline, Illinois and other cities.  

Our next meeting is tentatively sched-
uled for March 11 when (if final approval 
is given) Frank Boon will speak on new 
integrity methods and other new aspects 
of the Galileo system.  Mr. Boon is from 
Septentrio, one of the prime receiver 
manufacturers for the Galileo system. u
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ION GNSS 2008
September 16–19, 2008
Tutorials: Sept. 15–16

Savannah Convention Center
Savannah, Georgia
A new venue, a new opportunity to meet the world’s  
leading authorities on global navigation satellite systems!
New to This Year’s Program —  
Panel discussions on policy issues, GNSS program 
updates and business applications featuring leading 
industry decision makers.

Exhibit spaces go fast, reserve today!

Early Registration & Advance Hotel Reservation Date: 
August 25

The 21st International Technical Meeting of the 
Satellite Division of The Institute of Navigation

www.ion.org

appointed Lisa Beaty as director of  
business development, asking her to 
write and implement a business plan to 
address these trends.

I requested that we set three goals:
• Increase and diversify our member-

ship, involving more of those in the 
operational, business, and policy 
areas.

• Increase and diversify our meeting 
attendance at meetings, also to greater 
involve people from operational, busi-
ness, and policy areas.

• Increase and diversify our revenue 
stream, so we are not so heavily 
dependent on the GNSS meetings for 
revenue, but that it becomes one of 
several major sources of income.

The ION is an internationally recog-
nized leader in the field of navigation, 
and we have huge reserves of intellectual 
capital at our disposal. I would like to 
see us continue to use this to further the 
goals of the Institute and to strengthen its 
financial base.

I want to particularly thank Lisa Beaty, 
Carl Andren, and the entire National 
Office staff for the outstanding work they 
have done this year in support of the 
ION. Without their help none of the prog-
ress we made this year would have been 
possible.

It has been a pleasure and an honor to 
have served the ION as its President this 
past year. Congratulations to Chris Hegarty 
on his election to this post, and I wish him 
all success for the coming year. u

President continued from page 2 Officers continued from page 1

Marine Representative: Capt. Richard 
Hartnett, U.S. Coast Guard Academy.  

The following committee chairs were 
appointed:  nominating Chair: John 
Lavrakas, Advanced Research Corporation; 
Finance Chair: Len Jacobson, Global 
Systems & Marketing; Technical 
Committee Chair: Dr. Mikel Miller, 
AFRL/MNG; Publication Chair: Dr. Boris 
Pervan, Illinois Institute of Technology; 
Meeting Chair: Dr. Frank van Graas, 
Ohio University; Awards Chair: Dr. 
Todd Walter, Stanford University; Bylaws 
Committee Chair: Douglas Taggart, 
Overlook Systems Technologies. u 
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Letter to the Editor

Misconceptions about
TIMATION

The Fall 2007 ION Newsletter is interesting, but the lead article “GPS 
and Sputnik” contains some major errors. For example, on page 22, the 
article cites Brad Parkinson as asserting that, “unlike the Navy systems, 
621B provided altitude as well as latitude and longitude.” This is wrong 
with respect to TIMATION, and I can prove it in many different ways:

1) In his Electronic and Aerospace Convention (EASCON) 
address about Timation on October 29, 1969, Roger Easton said, “This 
paper discusses the genesis of a mid-altitude system for continuous 3 
dimension navigation.”

2) Two researchers discuss in detail the 3D results for 105 different 
constellations in the following study: J. A. Buisson and T. B. McCaskill, 
TIMATION Navigation Satellite System Constellation Study, NRL Report 
7389, Naval Research Laboratory, Washington, 
D.C., 27 June 1972.

3) Phil Klass wrote the following in “Plans for Defense Navsat 
Reached,” Aviation Week and Space Technology, August 20, 1973, pp. 
65-66: “As additional TIMATION satellites are deployed, it becomes 
possible to make position determination on a three-dimensional basis 
(including altitude) on a more frequent basis.”

“Finally, with a total of 27 spacecraft deployed, a full 3-D 
continuously available position-fixing capability is provided.”

4) Simple logic leads to the conclusion that Timation was 3D. The 
GPS clocks on the satellites are from TIMATION. The basic orbital 
configurations are from TIMATION. GPS’s 12-hour orbits have slightly 
better coverage than the optimal TIMATION proposal of 8 hour orbits. 
The only major difference between TIMATION and GPS is the signal, 
which has no effect on the dimensionality. Consequently, one can 
validly assert GPS is 3D, therefore TIMATION was 3D. 

Also on page 22, Brad Parkinson is quoted as saying, to the Navy 
navigation was essentially a two dimensional problem. This ignores the 
importance of aircraft from aircraft carriers and fleet defense against 
attack from the air.

The assertion on page 23 that GPS uses the orbits from Transit 
is wrong. Transit’s orbits were at about 700 miles, which was good for 
a Doppler system. The optimal TIMATION orbit was 8 hours, but 12 
hours was also studied. There is quite a difference between 700 miles 
and almost 12,000 miles.

I wrote a detailed article on this subject, “TIMATION and the 
Invention of GPS 1964-1973”, which was published in Vol. 14 No. 3 of 
Quest: The History of Spaceflight Quarterly.

Richard Easton
Winnetka, Illinois

calendar
MARCH 2008 
17-19: Jsde Joint navigation Conference 
2008, Flamingo Hotel & Casino in Las 
Vegas, nevada 
Contact: info@jointnavigation.org
Web: www.jointnavigation.org

APRIL 2008 
02-04: RIn 08: The sixth International 
Conference on Animal navigation . 
Reading University, UK  
Contact: Kathy Hossain 
Tel: +44 (0)20 7591-3130
Fax: +44(0)20 7591-3131
E-mail: conference@rin.org.uk
Web: www.rin.org.uk

23-25: enC-Gnss 2008, Toulouse, France 
Contact: Carte Blanche  
Tel: + 33-5 63 72 31 00
Fax: + 33-5 63 72 30 32 
Web: www.enc-gnss08.com

May 2008 
05-08: Ieee/IOn/PLAns, Hyatt Regency 
Monterey Hotel, Monterey, California 
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

05-10: RTCM Annual Assembly, 
Catamaran Hotel, san diego, California 
Contact: Mr. Robert Markle   
Tel: +1 703-527-2000 
Fax: +1 703-335- 9932 
Web: www.rtcm.org

26-28: 15th International Conference 
on Integrated navigation systems; st . 
Petersburg, Russia  
Contact: Dr. George T. Schmidt 
Tel: +1 617-258-2393
Fax: +1 617-258-2333
E-mail: ed@draper.com
Web: www.elektropribor.spb.ru

sePTeMBeR 2008 
16-19: IOn Gnss 2008, savannah 
Convention Center, savannah Georgia   
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

OCTOBeR 2008 
28-30: nAV08/ILA37 Conference, Church 
House Conference Centre, Westminster, 
London, UK 
Contact: Royal Institute of Navigation  
Tel: +44-20-7591-3130 
Fax: +44-20-7591-3131 
Web: www.rin.org.uk
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POSITION LOCATION AND NAVIGATION SYMPOSIUM

TECHNICAL SESSION TRACkS
● Navigation Sensor Technologies

● Navigation Architectures and  
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Limited Environments

Pre-Registration Discount  
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