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ABSTRACT  
 
The StarFire™ Global Satellite Based Augmentation 
System was developed by Deere and Company to provide 
a global Precise Point Positioning (PPP) capability for 
Precision Agriculture. With two USA based processing 
and distribution centers, StarFire has been commercially 
operational since 1999 and has expanded into the 
additional market segments of Land Survey, Construction, 
Military, Aerial Mapping and Hydrographic Positioning. 
Recent system modifications as presented in this paper 
have improved absolute positioning accuracies from the 
decimeter level to sub-decimeter. 
 
The paper provides an evolutionary synopsis and detailed 
overview of the current system architecture, including the 
reference network, communication infrastructure, data 
handling, network hub processing, operational 
redundancy, distribution mechanism, receiver hardware 
and real-time monitoring.  A global common satellite 
visibility tool has been used to determine the level of 
observational redundancy within the reference network 
and the benefit provided by recent reference station 
additions.  The communication network infrastructure 
improvements establish a new benchmark for reliability 
and robustness with real-time monitoring now at the 
system component level.  The central processing hubs are 

based upon a version of the Real Time GIPSY (RTG) 
suite, originally developed by the Jet Propulsion 
Laboratory for precise real time orbit and clock 
determination of GNSS.  This has been refined to 
optimize positioning accuracy of NavCom developed 
GNSS hardware.  Distribution of the StarFire orbit and 
clock parameters is via a highly optimized data stream to 
minimize bandwidth requirements, reduce the L-Band 
satellite transmission cost and ensure sufficient signal 
strength across the L-Band satellite footprint.  Static 
precise point positioning performance is compared long 
term against International Terrestrial Reference Frame 
(ITRF) absolute coordinates for the global StarFire 
monitoring network.  A kinematic dataset for an aerial 
platform illustrates dynamic StarFire performance with 
respect to ITRF based Post Processed Kinematic.  Using 
NavCom GNSS hardware, additional comparisons in the 
position domain are made between StarFire, the Wide 
Area Augmentation System (WAAS) and the European 
Geostationary Navigation Overlay System (EGNOS).  
StarFire real-time orbit and clock parameters compared to 
International GNSS Service Final post-processed orbit 
and clock parameters show agreement at the decimeter 
level. 
 
Combined GNSS and L-Band receiver hardware plus 
algorithm developments are presented with emphasis on 
tropospheric modeling, tidal models, integration of 
inertial sensors and reducing the convergence time for the 
precise point positioning algorithm to reach optimal 
accuracy. The paper also discusses RTK Extend™, the 
simultaneous use of Real Time Kinematic (RTK) and 
StarFire orbits and clocks to extend RTK positioning 
accuracies when the RTK base station data link is lost. 
 
The paper concludes with a summary of the current 
StarFire Global SBAS PPP performance with suggestions 
for further research and enhancement. 
 
INTRODUCTION  
 
Unlike regional SBAS solutions (WAAS, EGNOS, 
MSAS, SNAS, GRAS, GAGAN and SCDM), StarFire is 
a Global SBAS, generating a single set of GPS clock and 
orbit corrections with global validity. The previous 
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generation of StarFire was based upon the Wide Area 
Correction Transform (WCT), [Sharpe et al 2000], which 
still remains operational providing sub-meter 
performance. This paper concentrates on the current RTG 
implementation of StarFire developed in 2001 and 
realizing decimeter horizontal positioning accuracy, 
[Hatch et al 2003]. The principle of GNSS augmentation 
is to provide additional data in real-time to refine the 
observables used within the position solution. 
Simplistically, this may be in the form of a single range 
correction for each satellite at a fixed location (DGPS) or 
as frequency specific corrections for each satellite (RTK) 
or refined further and provided from a regional network 
of receivers (Network RTK). Alternatively, corrections 
may be determined at a more fundamental level on a 
global basis as per Table 1 which lists the StarFire 
implementation of these. 
 
Correction StarFire Implementation 
Satellite orbit 1 Minute RTG 
Satellite clock 1-2Second RTG 
Ionosphere NavCom L1/L2 Receiver Hardware 
Troposphere UNB WAAS Model (Mendes 99) 
Multi-path NavCom Multi-Path Mitigation 

Software and Antenna Technology 
Receiver NavCom L1/L2/L-Band Hardware 
Earth Tides Sinko Model in NavCom Receiver 

Table 1 : GNSS Fundamental Augmentation 
 
The StarFire correction stream consists of the RTG 
generated GNSS precise orbit and clock values 
differenced with respect to the GNSS broadcast 
ephemeris. These are optimized for near-global 
distribution via L-Band communication satellites. This 
signal is received by the NavCom StarFire receivers 
through the same antenna as the GPS L1 and L2 signals. 
 
As with any GNSS, StarFire has four main segments as 
shown in Figure 1. 

1. Ground - Global Network

2. Control - Orbit and Clock Process3. Space – Signal Distribution

4. User and System Monitors

 
Figure 1 : StarFire GSBAS Segments 

 
User equipment is strategically deployed throughout the 
global ground network to act as system monitors, thus 
providing a quality control feedback loop and completing 
the system cycle to ensure performance metrics are 
maintained for the global StarFire user community. 

GROUND SEGMENT 
 
The number of ground segment tracking sites are 
tabulated in Table 2 inclusive of other GNSS 
implementations and planned additions for the future. 
 

GNSS 2002 2006 Future Comments 
StarFire 48 60 60 Global 
GPS 6 12 18 Global 
GLONASS  8 8 Russia only 
Galileo ----- ----- ~29 Global 
Beidou ----- 3 3 China only 

Table 2 : StarFire and GNSS Ground Segment 
 
Enhancements to the StarFire tracking network have 
included the addition of 12 stations improving station 
visibility in the southern hemisphere as shown in Figures 
2 and 3. With the exception of South Africa, the current 
network has a minimum of 7 stations visible from each 
GPS satellite when using the station elevation mask of 
7.5degrees. NavCom's in-house SatVis tool provides 
common station visibility and maximum DOP values for 
each satellite over a defined period of time to optimize the 
ground tracking network locations. 
 

 
Figure 2 : StarFire Ground Segment 2002 

 
Figure 3 : StarFire Ground Segment 2006 
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NavCom station GNSS receiver infrastructure has been 
upgraded to include two NCT-2100D GPS L1/L2 engines 
operating from a single IGS style Choke Ring antenna, 
plus (where appropriate) at least one StarFire iTC user 
receiver to monitor the StarFire L-Band signal strength 
and system performance from the user perspective. There 
are currently 16 global sites that have StarFire system 
monitors. 
 
The number of GPS receivers at each reference station 
plus the large number of stations that see each satellite at 
a particular time provides significant system redundancy 
and robustness. Each station is located within secure 
facilities, has secure communication links to the control 
segment, power backup and features stable minimized 
multi-path antenna installations. Communication options 
vary with the geographical location but for each reference 
station there are at least two from local Internet 
connection, Frame Relay, Landline and VSAT. Historical 
station downtime is minimal and the quantity of stations 
available ensures continued system performance even 
with multiple simultaneous station failures as confirmed 
by offline control segment scenario tests. 
 
GNSS MONITORING 
 
GPS performance has improved significantly with 
enhancements in the GPS control segment and the 
addition of more reference stations (Table 2), however the 
response time by the Master Control Station (MCS) to a 
failed satellite component is not immediate. In a recent 
example on the 2nd of June 2006, the active clock on 
PRN 30 failed at 20:02Z whilst over the South Indian 
Ocean and the satellite was eventually set unusable by the 
GPS MCS 12 minutes later at 20:14Z.  

 
Figure 4 : StarFire Clock Corrections 02 June 2006 

 
The StarFire system was able to stop sending corrections 
36 seconds after the initial failure point as shown in 
Figure 4. Analysis of the nearest StarFire position 
monitor, located in Johannesburg, South Africa, showed 
no position degradation during this incident, as per Figure 
5, demonstrating the value of StarFire's global monitoring 
capability coupled with rapid clock updates and low 
latency delivery rate. 
 
PRN30 was returned to active status and set healthy on 7 
June 2006. After an initialization period, StarFire 
corrections for PRN30 were considered for distribution on 
8 June 2006 but anomalous behavior akin to Selective 
Availability was seen as per Figure 6. Communication 
with the GPS MCS confirmed that PRN30 was operating 
within specification and the cyclical behavior was a result 
of clock stabilization. Given the 5m magnitude of the 
variation, StarFire corrections for PRN30 were withheld 
from distribution to users until the clock had properly 
stabilized. 
 
 

 
Figure 5 : StarFire Performance, Johannesburg 02 June 2006 

PRN30 Clock 
Failure
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PRN30 Clock 
Failure

NCT-2100D Receiver 
Johannesburg StarFire Performance
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Figure 6 : PRN 30 Clock Stabilization 

 
CONTROL SEGMENT 
 
StarFire has two independent control centers.  One is 
located at NavCom Technology's headquarters in 
Torrance, California, SW USA and the second at John 
Deere's corporate headquarters in Moline, Illinois, Central 
USA. Figure 7 shows the system data flow starting at top 
left and flowing through to the right. 
 

Figure 7 : StarFire System Data Flow 
 
Each control centre receives the full complement of 
reference station data with a typical latency of less than 2 
seconds. There are two production layers, Primary and 
Secondary, which handle the data independently of each 
other producing two sets of correction values per centre. 
Not shown are the Tertiary and Quaternary layers which 
permit testing of software updates and workflow 
scenarios prior to use on the production layers. For system 
robustness and control, all computers now use the Linux 
Operating System with the exception of the Interface 
machines which use the latest Microsoft Operating 

System. The communication system and entire StarFire 
network is protected at multiple levels from unauthorized 
access. 
 
Collectors manage the data and communication links to 
all the reference stations, collating the GNSS observations 
for input into the Processors. 
Processors are dual Pentium machines running RTG code. 
Production layers operate the same code version and state 
space. A 6 second buffer is used to collate the raw data 
for the 1Hz Clock process. The clock process is highly 
optimized to permit rapid calculation and uses a subset of 
the global reference network predominantly with atomic 
frequency standards interfaced to the GNSS receivers. 
The once per minute orbit process uses the full 
complement of reference stations. The resulting orbit and 
clock parameters are differenced with respect to the 
global GPS broadcast ephemeris. These are optimized for 
NavCom GNSS receiver hardware and L-Band 
distribution. 
Distribution decides which production layer output will 
be uploaded and manages the communication links to the 
3 Land Earth Stations. 
Monitors are able to check the heartbeat of all system 
hardware components throughout the global network 
infrastructure. StarFire user receivers, strategically placed 
round the globe, provide constant system performance 
metrics with respect to geodetic truth and expected signal 
strength levels.  
Interface provides control, archive and performance 
metrics. Out of tolerance conditions generate system 
alerts online and via pager with StarMon providing 
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network operator oversight and control. In addition, a 
graphical metrics portal and digital archive is provided. 
 
The RTG code is the latest state of the art implementation 
from NASA's Jet Propulsion Laboratory. This uses a 
number of different models as listed in Table 3. 
 
Coordinates for the reference stations are updated at least 
quarterly to account for tectonic plate motion and any 
local variation. These coordinates accurate to ~1cm are 
determined from a periodic global network adjustment 
constrained to the International Terrestrial Reference 
Frame (ITRF). This is currently ITRF2000 and thus 
define the StarFire geodetic frame as ITRF2000(Current 
Epoch). The StarFire system time is steered to GPS 
system time via a GNSS receiver co-located at the United 
States Naval Observatory (USNO). USNO defines the 
GPS system time and contributes to the fundamental 
timing infrastructure of the planet. Additional reference 
stations with atomic frequency standards are available 
within the StarFire Network to act as control backups and 
for quality control of the clock process. 

CONTROL PERFORMANCE 
 
To assess the most recent system performance, the real-
time calculated orbit and clock StarFire values were 
compared with the post-processed IGS Final Precise orbit 
and clock for the last 2 weeks of July 2006. Figures 8 and 
9 provide a typical daily comparison for this period 
highlighting the day of 24 July 2006. In these figures, the 
User Range Error (URE) is a composite of the radial and 
clock. The high correlation of radial and clock absolute 
values tend to compensate for each other resulting in 
relatively low URE figures. 
 
Note the partial correlation between satellites 
experiencing eclipse events and larger RMS values. Also 
there appears to be a difference between Block II/IIA and 
IIR/IIRM. This was investigated further for the full two 
weeks and RMS values produced for the full 
constellation, Block specific Sun and Block specific 
Eclipse satellites. 
 

 
Figure 8 : StarFire Orbit and Clock Performance vs. IGS Final 24 July 2006 

 
Figure 9 : StarFire Orbit and Clock Mean RMS Performance vs. IGS Final 24 July 2006 

 

Eclipsing Satellites
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Figure 10 : StarFire vs. IGS Final Comparison 

 
 

 
Block II/IIA Sun
Block IIR/IIRM Sun
Block II/IIA Eclipsing
Block IIR/IIRM Eclipsing
All GPS  

 
The comparison between StarFire real-time orbits and 
clocks versus IGS post processed Final orbits and clocks 
as shown in Figure 10 shows Block II/IIA Eclipsing to be 
an outlier. During this period, only one II/IIA, PRN10, 
was in eclipse. With the exception of PRN10, User Range 
Error agrees at the 6-8cm level. Given that IGS Final has 
an orbit accuracy of 5cm and a clock accuracy of 0.1ns 
(≡3cm), this was an unexpectedly close comparison 
especially given that StarFire is real-time and IGS is a 
post processed combination from multiple analysis 
centers. The data would also suggest that eclipsing 
satellites require more investigation into their behavior. 
 

Model RTG 
Geopotential JGM3 
Solid Tide (Dynamic) Wahr 3x3 

47 constituents 
Solid Tide (Kinematic) Included 
Pole Tide Included 
Ocean Tide CSR + TEG2B 20x10 

767 constituents 
Ocean Loading Included 
Troposphere Neill 
Solar Pressure T20 
Relativity (Dynamic) Included 
Relativity (Kinematic) Included 
Phase Windup Included 

Table 3 : RTG Models Currently Used 
 
SPACE SEGMENT 
 
The StarFire space segment consists of 3 Inmarsat 
satellites providing global L-Band distribution with the 
exception of the North and South Poles as per Figure 11. 
Table 4 provides details of the areas covered, the geo-
stationary longitude, satellite name, Inmarsat satellite type 
and ID plus the Land Earth Stations used for uplink of the 
StarFire signal. 
 

Area Long. Name Sat. Land Earth Stn. 
Americas 098°W PAC-E 2-F2 Laurentides, 

Canada 
Europe 
Africa  

025°E IND-W 3-F5 Goonhilly, 
England 

Asia 
Pacific  

109°E IND-E 2-F4 Auckland, 
New Zealand 

Table 4 : StarFire Satellites 
 

Clock 

Along Track 

Radial 

Cross Track 

3D Vector 

URE 
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Each of the 3 Land Earth Stations has a Primary and 
Secondary layer of equipment and each layer receives 
corrections from both Control Centers. Communication 
between the Control Centers and the Land Earth Stations 
is via Internet and VSAT with a backup landline. 
 
The 3 communication satellites are constantly monitored 
by Inmarsat to ensure service continuity with backup 
channel capacity available on adjacent satellites covering 
the same regional areas. In addition, the StarFire Network 
monitors provide received L-Band signal strength to 
confirm the satellite transmitted signal power level. Signal 
power level is higher at the outer edges of the signal beam 
to provide a more uniform signal strength across the full 
satellite footprint on the earth. 
 
Distribution uptime for the StarFire signal has been 
99.997% for the last 12months. This was a 16minute 
interruption due to a communication satellite outage. 
 
USER SEGMENT RECEIVER TECHNOLOGY 
 
There are more than 40,000 StarFire receivers deployed 
worldwide for use in an increasingly diverse set of 
applications. At the heart of every current StarFire 
receiver is NavCom's Touchstone 4 ASIC precise GPS 
L1/L2 technology plus NavCom's L-Band receiver. These 
coupled with a tri-band antenna for L1/L2/L-Band 
reception minimize equipment installation. John Deere 
has complete control of the generation of StarFire 
corrections and the development and manufacture of 
StarFire receiver technology to ensure a consistent and 

accurate performance level for the StarFire system as a 
whole. 
 
The positioning algorithm within StarFire receivers uses a 
Kalman filter to solve for the satellite and receiver 
channel biases plus the code phase floating ambiguities. 
Least Squares is then used to calculate the position based 
upon phase smoothed refraction and bias corrected code 
observables. Enhancements of the algorithm include the 
addition of the Sinko Earth tide model. Unlike terrestrial 
augmentation methods which are earth crust fixed and 
thus include earth tides, StarFire is space based, requiring 
earth tides to be compensated for at the receiver. 
Modifications to the Tropospheric model (Mendes 1999) 
has facilitated the adoption of StarFire for aerial 
applications with their rapid and large height variations. 
 
The same receiver technology is extremely flexible 
providing the following alternative modes and 
performance levels: 

1. SBAS <30cm RMS (WAAS) 
2. RTK 2-3cm RMS 
3. Post Processed Kinematic ~1-3cm 
4. Post Processed Static <1cm 

A novel and patented technique known as RTK Extend, 
blends the StarFire and RTK to provide a more robust 
RTK solution. 
 
Different form factors facilitate the use of StarFire for 
various applications as per Figure 12. 

Figure 11 : StarFire Space Segment with Elevation Look Angle Contours 
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Figure 12 : StarFire Receiver Options 

 
APPLICATIONS 
 
Agriculture. John Deere customers are using StarFire for 
Precision Agriculture, the benefits of which include: 

1. Agronomy cost efficiency 
2. Minimal overlap between parallel passes 
3. Field performance metrics 
4. Reduced seed and fertilizer usage 
5. Night-time harvesting 
6. Precise implement placement avoids stripping 

out water drip lines. 
The StarFire iTC receiver is fully integrated with antenna 
and inertial technology and is capable of determining 
exact wheel placement of the tractor or combine harvester 
irrespective of the slope of the field. This avoids the need 
for external components and makes the unit extremely 
portable from one vehicle to another. 
 
Offshore. The increasingly high energy price is pushing 
oil and gas exploration deeper offshore. Precise 
positioning at the decimeter level has hitherto been 
unavailable far offshore. The accuracy of StarFire on a 
global basis improves the resolution of seismic 
exploration surveys and the location of sub-sea structures 
(Roscoe-Hudson et al 2001). The recent spate of intense 
hurricanes in USA have required very precise positioning 
to ensure the safety of construction vessels salvaging 
damaged offshore platforms whilst avoiding seabed pipes 
dragged out of location. A novel application is precise 
sea-level monitoring by intelligent station keeping buoys, 
contributing to a better understanding of the ocean and 
providing data for tsunami warning systems. 
 

Land Survey. Surveyors have found the flexibility of the 
StarFire receiver to be an advantage in remote areas 
where RTK is not available, problematic or costly to 
implement. Decimeter accuracy is sufficient for many 
survey and mapping tasks. The StarFire RTK Extend 
feature permits RTK type accuracy when the RTK base 
station is temporarily lost, saving the time needed to move 
the RTK base station. 
 
Military. StarFire is more accurate than Military GPS and 
has been used for: 

1. Global Hawk UAV positioning 
2. Autonomous robotic vehicles in the DARPA 

Grand Challenge Race 
3. To benchmark other aircraft positioning sensors 
4. Unexploded Ordnance (UXO) clearance 
5. US Naval Hydrographic Surveys 

 
Aerial Survey. Digital photogrammetry and airborne 
Lasers to create digital elevation models (LIDAR) have 
been used extensively as a cost effective means of 
surveying large areas, especially long linear projects. 
Traditionally, this would require an array of GNSS 
ground stations to be established in the survey area and 
manned for the duration of the flight with data then post 
processed. This increases both the cost and time to 
delivery to the end customer. Having StarFire real-time 
decimeter positioning avoids costly GNSS ground 
infrastructure and speeds up delivery. 
 
USER PERFORMANCE 
 
An added benefit of the NavCom StarFire receiver 
algorithm development has been the enhancement of 
positioning performance with WAAS SBAS in North 
America. Figure 13 provides a typical performance graph 
for 24 hours compared against StarFire performance at the 
same location and time.  

Figure 13 : WAAS vs. StarFire Performance 
 

John Deere 
StarFire iTC Receiver 

• Integrated 
• Agriculture 
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NavCom 
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Dynamic performance of StarFire is amply illustrated by 
the flight dataset in figure 14 which shows the difference 
between real-time StarFire positions and post processed 
kinematic. Some GNSS receivers, when experiencing 
large height changes, can introduce a height bias due to 
the way that the troposphere is modeled. Note the stability 
of height during the rapid climb indicating the consistency 
of the receiver tropospheric model. 
 
Figure 14 also illustrates a startup convergence time 
during which the StarFire receiver determines the satellite 
and receiver biases to optimize the position solution. 
Convergence times can be eliminated by the use of the 
QuickStart feature. This requires a known ITRF position 
for the StarFire receiver. StarFire compatible ITRF 
coordinates may be determined from previously surveyed 
positions using a converged StarFire receiver, precise post 
processing or by a RTK base station. For example, a 
tractor operated with a StarFire receiver will have 
converged StarFire positioning available when it is parked 
in the open at the end of the work period. The final 
position can be used to QuickStart the StarFire receiver 
when it is switched on at the start of the next tractor work 
period. Figure 15 illustrates a QuickStart procedure at the 
left of the plot and a loss of StarFire corrections for 
20minutes at the right of the plot. The statistics after the 
QuickStart are all sub-decimeter. After the loss of 
StarFire corrections represented by the vertical blue line, 
horizontal position is still at the decimeter level 20 
minutes later. 

 
 

USING IGS FINAL ORBITS AND CLOCKS 
 
To assess the performance of the NavCom StarFire 
positioning algorithm, IGS Final orbits and clocks were 
used to constrain StarFire orbits and clocks via an 11th 
order interpolation. The resulting correction stream was 
then used to rerun StarFire datasets and compare the 
resulting positions against the standard StarFire 
determined positions. This was done for six 
geographically diverse sites as shown in Table 5. 
 
24 July 2006
StarFire Orbit+Clock Convergence North East Up North East Up
Weslaco, USA 24Mins 0.071 0.085 0.200 0.047 0.079 0.168
Rosario, Argentina 18Mins 0.065 0.068 0.148 0.047 0.045 0.133
Zweibrucken, Germany 24Mins 0.076 0.087 0.148 0.038 0.077 0.136
Johannesburg, S.Africa 9Mins 0.055 0.048 0.163 0.036 0.042 0.145
Jiamusi, China 16Mins 0.046 0.077 0.155 0.036 0.074 0.144
Sydney, Australia 14Mins. 0.038 0.084 0.187 0.033 0.056 0.145
IGS Final Orbit+Clock
Weslaco, USA 26Mins 0.054 0.080 0.213 0.049 0.072 0.159
Rosario, Argentina 12Mins 0.043 0.068 0.177 0.040 0.038 0.169
Zweibrucken, Germany 24Mins 0.062 0.085 0.187 0.047 0.081 0.159
Johannesburg, S.Africa 9Mins 0.076 0.061 0.161 0.040 0.046 0.142
Jiamusi, China 17Mins 0.048 0.117 0.204 0.042 0.095 0.168
Sydney, Australia 14Mins. 0.039 0.066 0.185 0.022 0.034 0.148

FULL DATA SET POST CONVERGENCE

 
Table 5 : StarFire Positioning versus IGS Final 

 
The convergence times in minutes and sigma values in 
meters show little difference between the two sets as 
indicated by the number of amber colored cells with 
differences less than 1minute or 1cm. Convergence times 
are given for accuracies less than 10cm in each axis.  
 
GEODESY 
 
As discussed earlier, StarFire Geodesy is the latest 
implementation of ITRF at the current epoch. StarFire can 
be used as is, but to relate it to existing databases or data 
constrained to a local geodetic reference frame, a 4D 
transformation is required. This takes into account the 
relationship between the local geodetic reference frame 
and ITRF at a fixed epoch plus the vector change that has 
occurred between the fixed epoch and the current epoch. 
National geodetic infrastructure is increasingly being 
defined with respect to ITRF at a specific epoch with an 
associated vector change field to account for tectonic 
plate motion. These available parameters permit a precise 
relationship between StarFire positioning and local 
mapping and can usually be found within GNSS Survey 
Controller devices. 
 

Figure 14 : Flight Real-Time StarFire minus Post Processed Kinematic L1/L2 

8 Mins. Convergence Flight Plan 

Figure 15 : QuickStart and StarFire Loss Example 

2294



 

 

A common miss-conception is to consider all WGS84 
positions to be equivalent to ITRF. The original definition 
of WGS84 was accurate to ~2m. The current 
implementation of WGS84 by the GPS is closely aligned 
to ITRF to a few centimeters. What must be factored into 
any comparison between StarFire positions and an 
existing WGS84 position is when and how the WGS84 
position was defined. 
 
LOOKING FORWARD 
 
The development and availability of new GPS frequencies 
and codes will require an upgrade in the StarFire Ground 
Segment. This is expected to improve upon GPS orbit and 
clock determination as more satellites are launched. An 
increase in transmission bandwidth will not be required 
because the corrections are orbit and clock for each GPS 
satellite. Alternative ground based augmentation systems 
which provide values for each signal and code per 
satellite will need increased bandwidth to transmit their 
data. 
 
Other GNSS systems such as GLONASS, Galileo, QZSS, 
Compass and IRNSS will also require a change in the 
StarFire Ground Segment. Support of new GNSS systems 
will require additional orbits and clocks to be added to the 
StarFire correction stream increasing the bandwidth but 
this is expected to be much less of an increase than 
required by ground based augmentation systems. Table 6 
illustrates the relative quantity of observables to be 
transmitted for augmentation. StarFire is a global data 
stream with orbit updates not so frequently required as 
clock updates, whereas Ground Based Augmentation 
Systems are local requiring updates every second for a 
smaller number of satellites visible. The percentage 
differences in bandwidth between orbits+clocks versus 
GBAS are considerably greater when the actual bits per 
observable are taken into consideration plus optimization. 
 
GNSS StarFire 

Total(Obs*Sats*Hz) 
Local GBAS Stn.
Total(Obs*Sats*Hz) 

GPS L1/L2 30.5 (Orbit*30*1/60 
+ Clock*30*1) 

40 (4*10*1) 

GPS L5 0 20 (2*10*1) 
GLONASS 
L1/L2 

24.4 (Orbit*24*1/60 
+ Clock*24*1) 

32 (4*8*1) 

GLONASS 
L3 

0 16 (2*8*1) 

GALILEO 
E1, E5A, 
E5B, E6 

30.5 (Orbit*30*1/60 
+ Clock*30*1) 

80 (8*10*1) 

Compass 
C1, C5, C6 

30.5(Orbit*30*1/60 
+ Clock*30*1) 

60 (6*10*1) 

Total Now 30.5 (100%) 40 (+31%) 
Total 
Future 

115.9 (+280%) 248 (+713%) 

Table 6 : Augmentation Bandwidth Requirements 

 
Looking forward, figure 16 provides a potential GNSS 
development timeline for GPS, Glonass, Galileo and 
QZSS. Reality will differ. The GPS satellites have lived 
much longer than originally designed and whilst 
providing excellent value, this has delayed the launch of 
new functionality. Glonass was fully operational but 
funding issues in recent years have reduced the 
constellation and usability. Statements from President 
Putin and increased funding based upon a high energy 
price fueled Russian economy will hopefully return 
Glonass to full strength. Concerns remain over the Galileo 
program with a recent overspend of Є400M and 
continuing discussions over commercial terms and risk 
sharing with the concessionaire. Having 30 satellites built, 
launched and fully operational by the end of the decade is 
an aggressive schedule, especially when compared with 
previous GNSS system development and deployment. 
Japan's QZSS is currently committed to one satellite, 
India's 8 satellite IRNSS and China's 30 satellite Compass 
systems are currently in planning and evaluation stages. 
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Figure 16 : Potential GNSS Timeline 

 
CONCLUSIONS 
 
The extensive 60 station global monitoring network for 
StarFire has a faster response time than the GPS Master 
Control Station to anomalous GPS behavior. In the 
example of 02 June 2006, this was 12 minutes versus 
StarFire's 36 seconds. 
 
StarFire uses a tighter tolerance for GPS satellite signal 
performance. The GPS MCS considers a 5m clock 
variation over 4hours and a 2m variation over 6.5minutes 
to be within specification as per the example of PRN30 on 
08 June 2006. 
 
StarFire clock and orbit corrections for the GPS satellites 
provide a User Range Error < 8cm RMS compared with 
IGS Final clocks and orbits. 
 
The NavCom WAAS positioning algorithm demonstrates 
a standard deviation of <30cm Horizontal and <40cm 
Vertical. 
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The StarFire positioning algorithm has a standard 
deviation of <10cm Horizontal and <20cm Vertical and is 
capable of sub-decimeter performance after convergence. 
Convergence times depend upon the satellite conditions 
available during the convergence period. Convergence 
times vary from 09-24 minutes for an accuracy less than 
10cm in each axis. 
 
Convergence times are eliminated with the QuickStart 
feature provided that an ITRF position compatible with 
StarFire is used. StarFire compatible ITRF coordinates 
may be determined from previously surveyed positions 
using a converged StarFire receiver, precise post 
processing or by a RTK base station. 
 
It is possible to lose StarFire corrections for a period of up 
to 20 minutes and still maintain decimeter horizontal 
accuracy. 
 
The technique of using precise orbits and clocks as used 
by StarFire requires less observables and bandwidth for 
augmentation than traditional GBAS. This difference will 
become greater in the future as GNSS systems are 
enhanced and deployed. 
 
Testing of the StarFire positioning algorithm using IGS 
Final post-processed orbits and clocks showed no 
noticeable positioning improvement compared to the use 
of StarFire real-time orbits and clocks. 
 
Suggested areas of further research are modeling satellites 
during eclipse, block specific effects, satellite and 
receiver bias optimization and future GNSS use. 
 

ACKNOWLEDGMENTS 
 
This paper would not have been possible without the 
generous support of my colleagues at NavCom 
Technology. 
 
StarFire, RTK Extend and VueStar are trademarks of 
Deere and Company. Other trademarks are the property of 
their respective trademark owners. 
 
REFERENCES 
 
Hatch R, Sharpe T and Galyean P; "A Global, High-
Accuracy, Differential GPS System";  ION NTM 2003, 
Institute of Navigation National Technical Meeting, 
Anaheim, 22-24 Jan 2003. 
 
Mendes V. de Brito; "Modeling the Neutral-atmosphere 
Propagation Delay in Radiometric Space Techniques"; a 
Ph.D. dissertation published as Department of Geodesy 
and Geomatics Engineering Technical Report No. 199, 
University of New Brunswick, Fredericton, New 
Brunswick, Canada, April 1999. 
 
Roscoe-Hudson J, Sharpe T; "Globally Corrected GPS 
(GcGPS): C-Nav GPS System"; Dynamic Positioning 
Conference, 18-19 Sep 2001. 
 
Sharpe T, Hatch R and Nelson F; "John Deere's StarFire 
System: WADGPS for Precision Agriculture "; ION GPS 
2000, 13th International Technical Meeting of the 
Satellite Division of the Institute of Navigation, Salt Lake 
City, 19-22 Sep 2000. 

2296


	Main Menu
	Acknowledgements
	Copyright
	Conference Registrants
	Exhibitors
	ION Information
	Table of Contents
	Plenary Session
	NAVSTAR - Global Positioning System
	Galileo - The European Global Navigation Satellite System
	We Live in Interesting Times
	Locations Because Life Moves!
	Finding Time and Place: From Chronometers to GPS
	Three Critical Issues for GPtS

	A1: Alternatives and Backups to GNSS
	Integrated GPS, LORAN-C and INS for Land Navigation Applications
	A Zenith Delay Model for Precise Kinematic Aircraft Navigation
	Mitigating Atmospheric Noise for Loran
	Long-Range High-Accuracy UWB Ranging for Precise Positioning
	A Flying Demonstrator for Future Missile and UAV Navigation Systems
	Field Test Results of a Flexible Pseudolite Based Navigation System
	A Feasibility Study on the Regional Navigation Transceiver System Using a Transceiver Position Estimation Algorithm
	Use of a Software Radio to Evaluate Signals of Opportunity for Navigation
	A High Integrity Positioning Method for Ad-Hoc Networks
	A Passive Regional Hybrid Positioning System: TGSNS/Barometer

	B1: Military Application
	Vertical-sensing Effectiveness & CONOPS Tool for Operational Requirements: (VECTOR)
	Theory and Test Results of Antenna Advanced Inertial Reference for Enhanced Sensors (ANTARES) Lever Arm Flexure Estimation and Compensation for Ultra-Tightly Coupled GPS-INS and RF Emitter Geo-Location Systems Using Auxiliary Antenna-Mounted Inertial
	Survivability Testing of a Gun Hard MEMS IMU/GPS Navigation System
	Software Defined Navigation Signal Generator
	Handheld, Low Cost Situational Awareness Using Existing Military Fielded Equipment
	Flexible GPS Receiver for Jammer Detection, Characterization and Mitigation Using a 3D CRPA
	Theoretical Approach to Determining the 95% Probability of TTFF for the P(Y) Code Utilizing Active Code Acquisition

	C1: New Product Announcements
	Low Cost Sub-meter Accuracy Anytime, Anywhere
	Leica System 1200 - High Performance GNSS Technology for RTK Applications
	Highly-Integrated Solution for Ultra-fast Acquisition and Precise Tracking of Weak GPS and Galileo L1 Signals
	A Novel Development Environment for GNSS Receivers to Close the  Model-to-Product Gap
	The Merlin Signal Generator - A Powerful, Low-Cost Constellation Galileo/GPS Signal Simulator
	Highly Integrated GPS/EGNOS Receiver Chipset
	The iSuiteTM MP, a True MultiPlatform Development Environment
	Evaluation of the GRACE Inter-Satellite Ranging Instrument With GPS Measurements

	D1: Algorithms and Methods 1
	A New Signal-to-Noise-Ratio Based Stochastic Model for GNSS High-Precision Carrier Phase Data Processing Algorithms in the Presence of Multipath Errors
	Fast Ambiguity Resolution by a Combined System of Multiple-Baseline Equations
	GPS Un-Differenced Ambiguity Resolution and Validation
	Standalone Real-time Navigation Algorithm for Single-frequency Ionosphere-free Positioning Based on Dynamic Ambiguities (DARTS-SF)
	A New Three-Frequency, Geometry-Free, Technique for Ambiguity Resolution
	Investigation of Ambiguity Resolution Performance of Short-, Medium- and Long-distance Baselines Based on Four Galileo Frequencies
	A Three-Step Method to Separate Real-Time Systematic Errors Suitable for GPS Medium-Long Baselines
	Integer Ambiguity Estimation and Validation in Attitude Determination Environments
	Unified Methods of Point and Relative Positioning Based on GNSS Regression Equations

	E1: GNSS Ground Based Augmentation Systems
	Carrier Phase Airborne and Ground Monitors for Ionospheric Front Detection for Category III LAAS
	Signal Deformation Monitoring Scheme Implemented in a Prototype Local Area Augmentation System Ground Installation
	Remote Controlled, Continuously Operating GPS Anomalous Event Monitor
	Position-Domain Geometry Screening to Maximize LAAS Availability in the Presence of Ionosphere Anomalies
	Ionosphere Monitoring Methodology for Hybrid Dual-Frequency LAAS
	A Statistical Analysis of Balked Landing Approaches for the Airbus A-380 Under GBAS Guidance
	Gate-to-Gate with Modernized GPS, GALILEO and GBAS - Harmonization of Precision Approach Performance Requirements
	Mitigation of Ionospheric Gradient Threats for GBAS to Support CAT II/III
	Symmetric Overbounding of Time-Correlated Errors
	Treatment of Faulted Navigation Sensor Error when Assessing Risk of Unsafe Landing for CAT IIIB LAAS

	F1: Galileo System Design and Services
	Galileo System Design & Performance
	Producing the Galileo Services From the Ground Mission Segment (GMS)
	Galileo Mission Segment Processing Chain: Algorithm Design, Performance and Verification
	Galileo Integrity Processing Facility: Preliminary Design
	Timing Performance of Galileo Mission Segment (GMS)
	The Galileo System Test Bed V2 for Orbit and Clock Modeling
	CDF Overbounding in the Galileo Experimental Off-Line Analysis Tool (E-OATp)
	Galileo Orbitography and Synchronisation Processing Facility (OSPF): Preliminary Design

	A2: Remote Sensing with GPS and Integrated Sensors
	Real-Time Web-based Image Distribution Using an Airborne GPS/Inertial Image Server
	Combined GPS/Acoustic Seafloor Geodetic Observation System for Monitoring Off-shore Active Seismic Regions Near Japan
	Photogrammetric Bridging of GPS/INS in Urban Centers for Mobile Mapping Applications
	Mapping Brazil with Advanced Land Observing Satellite (ALOS)
	Implementation and Testing of Open-loop Tracking for Airborne GPS Occultation Measurements
	A Modular GPS Remote Sensing Software Receiver for Small Platforms
	Prototype Software-based Receiver for Remote Sensing Using Reflected GPS Signals
	Performance Requirement of Velocity Estimation for Airborne-based Downward-looking GPS Occultation

	B2: Military Aviation Systems
	A Close Formation Flight Test for Automated Air Refueling
	DARPA Autonomous Airborne Refueling Demonstration Program  With Initial Results
	Development and Testing of a High-Rate Air-to-Air Relative Navigation System for UAV Refueling
	Land Based JPALS Guidance Quality
	GPS Anti-Jam Antenna System Measurement Error Characterization  and Compensation
	A Robust GPS/INS Kinematic Integrity Algorithm for Aircraft Landing
	Use of Inertial Integration to Enhance Availability for Shipboard  Relative GPS (SRGPS)
	JPALS Tactical System Performance Evaluation Using a Controlled Reception Pattern Antenna

	C2: GNSS Antenna and Radio Technology
	Antenna-based Multipath and Interference Mitigation for Aeronautical Applications: Present and Future
	Navigation Accuracy and Interference Rejection for an Adaptive GPS Antenna Array
	Non-Planar Controlled Reception Pattern Antennas for GPS Receivers
	First Results of Baseband Wavefront Generation With a Digital Channel Matrix for Testing of CRPA
	A Frequency Domain Quasi-Open Loop Tracking Loop for GNSS Receivers
	The Development of a Professional Antenna for Galileo
	Test and Evaluation of a Digital Receiver in a Simulated Digital Antenna Electronics Environment

	D2: Algorithms and Methods 2
	Clock Errors Simulation and Characterisation
	Characterizing the Impact of Incorporating Two-Way Time Transfer Measurements on Network Differential GPS Position Solutions
	A New Fine Tracking Algorithm for Binary Offset Carrier Modulated Signals
	Digital Spectral Separation Coefficient (SSC) for GNSS Signal to Noise Measurements and Interference Detection
	Estimation and Mitigation of Unmodeled Errors for a Pseudolite Based Reference System
	Near Real-Time Carrier-Phase Multipath Mitigation in Kinematic Applications, Using a Dual-Antenna System and Effective Close Range Reflectors
	Particle Filtering Approach To Fault Detection and Isolation for GPS Integrity Monitoring

	E2: GNSS Space Based Augmentation
	An Integrity, Availability and Continuity Test Method for EGNOS/WAAS
	The Stanford - ESA Integrity Diagram: Focusing on SBAS Integrity
	EGNOS: A Step Closer to Operational Qualification
	Performance Assessment of Time Difference Between EGNOS-Network-Time and UTC
	WAAS Performance Improvements as a Result of WAAS Expansion
	The Benefits of Multi-constellation GNSS Augmentations
	A Single Frequency Approach to Mitigation of Ionospheric Depletion Events for SBAS in Equatorial Regions
	Development and Preliminary Test Results of Korean WADGPS Test Bed Using NDGPS Infrastructure in Korea
	Optimizing WAAS Accuracy/Stability for a Single Frequency Receiver
	Analysis and Quality Study of GNSS Monitoring Ground Stations' Pseudorange and Carrier-Phase Measurements

	F2: Galileo and GPS/Galileo Reference and User Receivers
	GIOVE-A Signal In Space Test Activity at ESTEC
	Galileo Reference Receiver
	Solving the Correlation Ambiguity Issue of BOC Modulated Signal by a Nonlinear Quadratic Operator
	The GATE Receiver - A Full-Scale Galileo/GPS Monitor Receiver
	The Galileo Mass Market Receiver - Progress of the GR-Poster Project
	GAMMA - Assisted GALILEO/GPS/EGNOS Mass Market Receiver
	Achieving Theoretical Bounds for Receiver-Based Multipath Mitigation Using Galileo OS Signals
	UERE Budget Results for the Galileo Test User Receiver
	Results of the GARDA Galileo Receiver Development and Evolution to Safety-of-Life Receiver Applications
	A Galileo E1b,c RF Front-end Optimized for Narrowband Interferers Mitigation

	A3: Multi-sensor Navigation, Guidance and Control Systems
	Highway Lane Tracking Using GPS in Conjunction With Onboard IMU and Vision-based Lane Tracking Measurements
	Updating the Navigation Parameters by Direct Feedback From the Image Sensor in a Multi-sensor System
	Fusion of Low-Cost Imagining and Inertial Sensors for Navigation
	Use of Laser Range Scanners for Precise Navigation in Unknown Environments
	Range-Domain Integration of GPS and Laser-scanner Measurements for Outdoor Navigation
	MetaSensor: Development of a Low-Cost, High Quality Attitude Heading Reference System
	Saab TERNAV, an Algorithm for Real Time Terrain Navigation and Results From Flight Trials Using a Laser Altimeter
	Dual Thread - Automatic Takeoff and Landing System (DT-ATLS)

	B3: Network-Based RTK
	Atmospheric Models Applied to DGPS and RTK Network in Brazil: Preliminary Results
	Network-Based RTK-GPS Positioning System With Data Dissemination via Satellite Communication Link
	Development of a 3-D Tomography Approach to Provide Tropospheric Corrections for Use in Network RTK Positioning
	Custom GPS-Correction Server for Real-Time Trajectography
	Tropospheric Bias Interpolation for Network Real-Time Kinematic GPS
	A Performance Analysis of Sparse GNSS CORS Networks for Real Time Centimetric Level Positioning: A Case Study in Victoria, Australia
	Real-time Ionospheric and Atmospheric Corrections for Wide Area Single Frequency Carrier Phase Ambiguity Resolution
	Alternatives to Current GPS-RTK Services
	The Use of a GPS Test Network for Real Time Application in Italy: First Results Based on Regional Field Test

	C3: GNSS Receiver Algorithms 1 (Acquisition)
	Exploiting the Orthogonality of L2C Code Delays for a Fast Acquisition
	Code Acquisition Techniques for Galileo Safety-of-Life Receivers
	Coherent Integration of Future GNSS Signals
	An Initial Synchronization Method for DGPS Reference Receivers in Noisy Environment
	General Framework for Acquisition Performance Analysis With Application to GALILEO Signals
	A New Three Dimensional Signal Search & Acquisiton Algorithm Based on Cross-correlation Sequence with 0.1 Seconds' Signal Receiving Time
	Pre-Correlation Noise and Interference Suppression for Use in Direct-Sequence Spread Spectrum Systems With Periodic PRN Codes
	Experimental Tests of Unaided Weak Signal Acquisition Methods Using a Software Receiver
	A Rapid Code State Computing Algorithm for L2C Code Phase Control
	GPS Acquisition Solution for use Cases in all Types of Environments

	D3: Atmospheric Effects 1
	Statistics of Occurrence of Ionospheric Scintillation and TEC Depletions Over Indian Region and its Effect on Satellite Navigation
	PLL Performance for Signals in the Presence of Thermal Noise, Phase Noise, and Ionospheric Scintillation
	Real Time MSTID Modeling and Application to Improve the Precise GPS and GALILEO Navigation
	Observed GPS and WAAS Signal-to-Noise Degradation Due to Solar Radio Bursts
	Bounding Higher Order Ionosphere Errors for the Dual Frequency GPS User
	Detection and Mitigation of Geomagnetic Pulsation Effects Using GPS
	Performance Analysis of Software Based GPS Receiver Using a Generic Ionospheric Scintillation Model
	Ambiguity Resolution Under Known Base Vector Length
	The Ionospheric Impact on GPS Performance in Southern Polar Region

	E3: Land Applications
	GPS/INS/G Sensors/Yaw Rate Sensor/Wheel Speed Sensors Integrated Vehicular Positioning System
	Analysis of Improvement to Two-Wheel Robot Navigation Using Low-Cost  GPS/INS Aids
	The Overbot: An Off-Road Autonomous Ground Vehicle Testbed
	GPS-Based Relative Positioning Test Platform for Automotive Active Safety Systems
	Phase Ambiguity Resolution Based on Linear Modeling of DD Carrier Phase
	Analyzing the Dynamic Behavior of Suspension Bridge Towers Using GPS
	A Solution to Tough GNSS Land Applications Using Terrestrial-based Transceivers (LocataLites)
	Positioning for Range-Based Land Navigation Systems Using Surface Topography
	How Constellation Design Affects GPS Users in Mountainous Terrain
	The Development of A MEMS-Based Inertial/GPS System for Land-Vehicle Navigation Applications

	F3: Galileo Signal Structure, GPS/Galileo Interoperability
	Code Generation Scheme and Property Analysis of Broadcast Galileo  L1 and E6 Signals
	GIOVE-A In Orbit Testing Results
	Performance Assessment of Galileo Ranging Signals Transmitted by GSTB-V2 Satellites
	Analysis of GIOVE-A L1-Signals
	Searching for Galileo
	First Test Results of the German Galileo Test and Development Environment - GATE
	Impact of the Spreading Codes onto the S-Curve Bias for the Galileo E5 Signals
	Signal Distortions at GNSS Payload Level

	A4: Algorithms for Multi-sensor Fusion
	Adaptive Particle Filter for INS/GPS Integration
	A Numerical Procedure for Approximating Overbounds on Navigation Systems Error Distributions
	GPS/INS Integration Based on Recursive Least Square Lattice
	Comparison of the Extended and Sigma-point Kalman Filters on Inertial Sensor Bias Estimation Through Tight Integration of GPS and INS
	Development of a Multi-sensor Navigation Filter for High Accuracy Positioning in all Environments
	An ANFIS-KF Hybrid Scheme for Faster IMU Alignment
	New Developments in State Estimation for INS/GPS Integrated Systems
	Intelligent Integration of a MEMS IMU With GPS Using a Reliable Weighting Scheme
	Fuzzy Enhancement of GPS - INS Synergy
	A Modified Kalman Filter for Hybrid Positioning

	B4: Multipath
	New Findings on Land Mobile Satellite Multipath Navigation Performance
	Capture, Analysis and Mitigation of Multipath in a High Sensitivity GPS Receiver
	On the Multifractal Nature of Pseudorange Local Errors
	Bounds on Signal Performance Regarding Multipath-estimating Discriminators
	Performance Limits of Multi-path Mitigation for Short Delay
	Multipath Mitigation Using Particle Filtering
	Maximum Likelihood Multipath Estimation in Comparison with Conventional  Delay Lock Loops
	Neural Networks Algorithms Prototyping to Mitigate GNSS Multipath for LEO Positioning Applications
	Particle Filter for Reduced Multipath Error Parameters Estimation
	Statistical Determination of the PR Error Due to NLOS-Multipath in Urban Canyons
	Simulation-based Estimation of Multipath Mitigation Using 3D-GIS and Spatial Statistics
	Two-element Vertical Antenna for Multipath Mitigation in Field Conditions

	C4: GNSS Receiver Algorithms 2 Tracking & Navigation
	Comparison of Vector-Based Software Receiver Implementations With Application to Ultra-Tight GPS/INS Integration
	On the Maximum Likelihood Estimation of Position
	Cross Correlation Mitigation by Adaptive Orthogonalization Using Constraints - New Results
	Implementation and Analysis of Acquisition and Tracking Algorithms for BOC Signals
	A New Unambiguous Low-Complexity BOC Tracking Technique
	An Algorithm for Bit Synchronization And Signal Tracking In Software  GNSS Receivers
	Analysis of the One-Pole Notch Filter for Interference Mitigation: Wiener Solution and Loss Estimations
	The Implications of Simultaneous Processing of the Galileo L1b/c Signals
	Coherent Processing Techniques for YMCA++ Receivers in Different Environments
	Is It Really Necessary for GPS Receivers to Store Both Satellite Ephemeredes and Almanacs?

	D4: Atmospheric Effects 2
	Influence Analysis of Tropospheric Model and Mapping Function on Precise Tropospheric Delay Estimation Using PPP
	Atmospheric Moisture Estimation Using GPS on a Moving Platform
	PPP and Network True Real-time 30 sec Estimation of ZTD in Dense and Giant Regional GPS Network and the Application of ZTD for Nowcasting of Heavy Rainfall
	Wide Area Neutral Atmosphere Models for GNSS Applications
	Local Tropospheric Anomaly Effects on GPS RTK Performance
	Comparison of IGS and Radiosonde Determination of ZTD in the Canadian Arctic
	Comparing Various GPS Neutral Atmospheric Delay Mitigation Strategies: A High Latitude Experiment

	E4: Marine Applications
	Monitoring of Vessels Using a GNSS Receiver Network
	Experimental Evaluation of Maritime Position Communication System Using Low Power Radio Synchronized by PPS Signal of a GPS Receiver
	Direct Measurement Based H-infinity Controller Synthesis for an Autonomous Surface Vehicle
	Monitor and User Receivers for Differential Loran
	Ionospheric Warning System for Marine DGPS Users
	Implementation of Ionosphere and Troposphere Models for High-Precision GPS Positioning of a Buoy During Hurricane Katrina
	Numerical Weather Models for Tropospheric Mitigation in Marine Kinematic GPS: a Daylong Analysis
	A Procedure for Creating Optimal ASF Grids for Harbor Entrance & Approach
	Simulation Result of Measurement for Oceanic Wavelength by Sea Surface Reflected GPS Signal
	Analysis of Pseudolite Augmented Precise Positioning Performance for Vessel Berthing
	Maritime Demonstration Testbed for Galileo
	A Study on the System of Vessel Identification and Field Experiment

	F4: GPS and GLONASS Modernization, QZSS
	High-accurate GLONASS Orbit and Clock Determination for the Assessment of System Performance
	Description of the L1C Signal
	Status of QZSS Navigation System in Japan
	Russian System for Differential Correction and Monitoring: A Concept and Results of the First Phase of Development
	NGA's Role in GPS
	Remote Clock Synchronization System Using Geostationary Satellite for Japanese Quasi-Zenith Satellite System
	Performance Analysis of GPS Augmentation Using Quasi-Zenith Satellite System in Local Japan Area
	A Comprehensive Trade Study on GPS Constellation Size and Number of Orbit Planes

	A5: GNSS-Inertial Navigation Systems 1
	Integrated GPS/INS System for Pedestrian Navigation in a Signal  Degraded Environment
	An Intelligent Real-Time MEMS IMU/HSGPS Integrated Vehicular Navigation System and Road Test Results
	A Neural-KF Hybrid Sensor Fusion Scheme for INS/GPS/Odometer Integrated Land Vehicular Navigation System
	Tightly-coupled GPS/INS Integration Using Unscented Kalman Filter and Particle Filter
	Improving GPS Receiver Tracking Performance of PLL by MEMS IMU Aiding
	Multi-sensor Inertial Navigation Systems Employing Skewed Redundant  Inertial Sensors
	Filter Designed for GPS-Aided Inertial Navigation System Based on Linear Accelerometers
	Control of Wheeled Robots Using GNSS and Inertial Navigation: Control Law Synthesis and Experimental Results
	Development of a GPS/INS Integrated System on the Field Programmable Gate Array Platform

	B5a: GNSS Civil Interference and Spectrum Aspects
	Statistical Inference Technique in Pre-Correlation Interference Detection in GPS Receivers
	A Technique of Interference Monitoring in GNSS Applications, Based on ACF and Prony Methods
	Mitigating Pulsed Interference Using Frequency Domain Adaptive Filtering
	Satellite-to-Satellite Interference Effects Observed in High-Rate C/A-Code Power Measurements

	B5b: Precise Point Positioning
	Wide Area Based Precise Point Positioning
	Handling of the Tropospheric Delay in Kinematic Precise Point Positioning
	StarFireTM: A Global SBAS for Sub-Decimeter Precise Point Positioning
	Development of a Real-Time Single-Frequency Precise Point Positioning System and Road Test Results
	A Single Frequency PPP Algorithm Based on GR Models

	C5: Software Receivers 1 (GNSS)
	Performance Testing of a Real-Time Software-Based GPS  Receiver for x86 Processors
	A Real-Time Software Receiver for the GPS and Galileo L1 Signals
	Implementing a GPS Waveform Under the Software Communications Architecture
	Generalized Frequency-Domain Correlator for Software GPS Receiver: Preliminary Test Results and Analysis
	A Hybrid Architecture for High Sensitivity Standalone and Assisted Galileo/GPS Receivers
	GNSS Receiver Implementation on a DSP: Status, Challenges, and Prospects
	A Flexible Galileo E1 Receiver Platform for the Validation of Low Power and Rapid Acquisition Schemes
	Design of a Unified MLE Tracking for GPS/Galileo Software Receivers
	An Efficient New Method of Doppler Removal and Correlation with Application to Software-Based GNSS Receivers

	D5: Indoor Positioning 1
	How to Optimize GNSS Signals and Codes for Indoor Positioning
	Block-Accumulating Coherent Integration Over Extended Interval (BACIX) for Weak GPS Signal Acquisition
	Performance Evaluation of a Differential Approach Based Detector
	Improving GPS L1 C/A Code Correlation Properties Using a Novel Multi-correlator Differential Detection Technique
	The Performance and Simulation of a C-CDMA  Pseudolite Indoor Geolocation System
	An Indoor Positioning System Using Time-Delayed GPS Repeater
	2D Indoor Dynamic Positioning Using GNSS Based Repeaters
	The Nordnav Indoor GNSS Reference Receiver

	E5: Space and Satellite Applications
	The GPS Space Service Volume
	Real-Time Sub-cm Differential Orbit Determination of Two Low-Earth Orbiters With GPS Bias Fixing
	Land and Ice Remote Sensing From Low Earth Orbit Using GNSS Bistatic Radar
	Analysis of Signal Availability in the GPS Space Service Volume
	The GIOVE-A Satellite: From Design to In-orbit Commissioning
	Real Time GPS Positioning of LEO Satellites Mitigating Pseudorange Multipath Through Neural Networks
	GPS Receiver With Soft-correlator Approach for Leo-Orbits
	A Dual Frequency GPS Receiver (L1/L2c or L1/Lp) for Space Applications in LEO and GEO Orbit
	Autonomous Formation Flying RF Sensor Development for the PRISMA Mission
	Integrated Adjustment of LEO and GPS With PANDA in Precision Orbit Determination

	F5: Galileo Integrity, Multi-constellation RAM
	On the use of Multiconstellation-RAIM for Aircraft Approaches
	Further Development of Galileo-GPS RAIM for Vertical Guidance
	Receiver Integrity Monitoring in Case of Multiple Failures
	Sequential RAIM Designed to Detect Combined Step Ramp Pseudo-Range Error
	GALILEO Integrity: The Ground Segment Computation Algorithm Perspective
	The Need for Developing Global Integrity Standards and the Opportunity of a Global Multi-constellation Service
	A General Method for Accurate Assessment of GNSS FDE Holes
	Making GNSS Integrity Simple and Efficient - A New Concept Based on Signal-in-Space Error Bounds

	A6: GNSS-Inertial Navigation 2
	Characterization of Inertial Sensor Measurements for Navigation Performance Analysis
	IADIRA: Inertial Aided Deeply Integrated Receiver Architecture
	A Software Defined Real-time Ultra-tightly Coupled (UTC) GNSS-INS Architecture
	A Man Motion Navigation System Using High Sensitivity GPS, MEMS IMU and Auxiliary Sensors
	Enhanced MEMS-INS/GPS Integration System
	Stochastic and Geometric Observability of Aided Inertial Navigators
	Performance Studies of Nonlinear Filtering Methods in INS/GPS In-Motion Alignment

	B6: Surveying and Geodesy
	Sub-millimeter Precision GPS Survey System at the Holloman High Speed Test Track
	Core Wall Survey Control System
	Modernizing the Brazilian Active Control Network
	Comparison of Tropospheric Decorrelation Errors in the Presence of Severe Weather Conditions in Different Areas and Over Different Baseline Lengths
	Self-Calibrating Receivers for Precision Phase Observations
	Geodetic Antenna Calibration Test in the Antarctic Environment
	Tropospheric Effects in Monitoring Super High Buildings With GPS
	Assessment of Digital Terrain Models for Multipath Prediction at Geodetic GNSS Installations
	A Non-differential Approach to the Estimation of GNSS-derived Accelerations. Galileo's Foreseen Impact on Airborne Gravimetry
	Using SmartStation and GPS Integrated With INS, to Map Underground Pipes and Cables

	C6: Software Receivers 2 (Applications)
	Integrating the GP2021 and Linux in Open Source GPS
	The Namuru Open GNSS Research Receiver
	Block-Repetitive Iterated Processing for Software GPS Receiver: Dichotomized Search of Correlation Peak
	Open Signals, Open Software: Two Years of Collaborative Analysis Using the GPS Toolkit
	Geodetic Baseline GPS Processing by a Simple Sequential Technique
	GeoZigBee: A Wireless GPS Wristwatch Tracking Solution
	Extended Kalman Filter-Based Deeply Integrated GNSS/Low-Cost INS for Reliable Navigation Under GNSS Weak Interrupted Signal Conditions
	Testing GPS L5 Acquisition and Tracking Algorithms Using a Hardware Simulator
	Generalization of the Dual Frequency Method of Multipath Calibration for Global Reference Networks
	Providing Corrections From Space Based Augmentation System to Non-Aviation Users via Internet

	D6: Indoor Positioning 2
	Theoretical and Practical Sensitivity Limits for Assisted GNSS Receivers Using Legacy and Future GNSS Signals
	Innovative Techniques for GPS Indoor Positioning Using a Snapshot Receiver
	Evaluation of Assisted GPS (AGPS) Performance Using Simulator and Field Tests
	Continuous Fine Time Aiding to a GPS Receiver in Tracking Mode in a GSM Terminal
	INS-Assisted High Sensitivity GPS Receivers For Degraded Signal Navigation
	Real Time Pedestrian Navigation System
	Indoor Navigation Test Results using an Integrated GPS/TOA/Inertial  Navigation System
	Comparative A-GPS and 3G-Matrix Testing in a Dense Urban Environment

	E6: Aviation Applications
	An Improved Sensor Level Integrity Algorithm for GPS/INS Integrated System
	New Applications of Measurement Redundancy in High Performance Relative Navigation Systems for Aviation
	Combining Inertial Navigation System With GPS Precise Point Positioning: Flight Test Results
	Architectures for Combined Standard Positioning System/Precise Positioning System User Equipment
	Wind Estimation and Airspeed Calibration Using the UAV with a Single-Antenna GNSS Receiver and Airspeed Sensor
	Ionospheric Code Delay Estimation in a Single Frequency Case for Civil Aviation
	Alert Limits: Do we Need Them for CAT III?: Deriving GBAS Requirements for Consistency with CAT III Operations

	F6: Novel Applications
	GPS-Guided Autonomous Lawnmower With Scanning Laser Obstacle Detection
	Miami Metro GPS Team
	Tracking System for Locating Stolen Currency
	GPS Tracking Performance Under Avalanche Deposited Snow
	Audio Nomad
	From "Star Trekking" to "Star Tracking" - The Path Towards a Viable Tricorder via the DAGR-based Situation Data Advisor
	Real-Time Target Localization Using a Gimbaled Camera for a Single-Antenna GPS-Based UAV
	Design of an Integrated GPS Receiver for the Processing of Reflected GPS Signals
	The Performance and Simulation of an OFDMA  Pseudolite Indoor Geolocation System


	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Help
	Print
	Search
	Exit


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 38.16 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     2286
     TR
     1
     0
     341
     129
    
     0
     10.0000
            
                
         Both
         11
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     38.1600
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     11
     10
     11
      

   1
  

 HistoryList_V1
 qi2base




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMedium-Italic
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /AllegroBT-Regular
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Apple-Chancery
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BabyKruffy
    /BankGothicBT-Medium
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BinnerD
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BremenBT-Bold
    /Candid
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chicago
    /Chick
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothicBT-Bold
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /Croobie
    /English111VivaceBT-Regular
    /EstrangeloEdessa
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /Fat
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Freshbot
    /Frosty
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Gautami
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GlooGun
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /Jenkinsv20
    /Jenkinsv20Thik
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Jokewood
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KorinnaITCbyBT-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-BoldSlanted
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /Marigold
    /MicrosoftSansSerif
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewYork
    /OCR-AII
    /OCRBMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /Oxford
    /OzHandicraftBT-Roman
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Poornut
    /Porkys
    /PorkysHeavy
    /PosterBodoniBT-Roman
    /PTBarnumBT-Regular
    /PussycatSassy
    /PussycatSnickers
    /QuickTypeII
    /QuickTypeII-Bold
    /QuickTypeIICondensed
    /QuickTypeIICondensed-Bold
    /QuickTypeIICondensed-Italic
    /QuickTypeII-Italic
    /QuickTypeIIMono
    /QuickTypeIIPi
    /Raavi
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /Symbol
    /SymbolMT
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TechnicalItalic
    /TechnicalPlain
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	footer0: 
	footer1: 
	footer2: 
	footer3: 
	footer4: 
	footer5: 
	footer6: 
	footer7: 
	footer8: 
	footer9: 
	footer10: 


