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EXECUTIVE SUMMARY

The GPS Product Team has tasked the NavigatiorcBrainthe William J. Hughes Technical Center to
document the Global Positioning System (GPS) StahBasitioning Service (SPS) performance in
quarterly GPS Performance Analysis (PAN) Reporise report contains the analysis performed on data
collected at twenty-eight Wide Area Augmentatiorst8yn (WAAS) Reference Stations. This analysis
verifies the GPS SPS performance as compared feetti@ermance parameters stated in the SPS
Specification (October 2001).

This report, Report #67, includes data collectednfi. July through 30 September 2009. The next
quarterly report will be issued January 31, 2010.

Analysis of this data includes the following startttaand categories: PDOP Availability, NANU Summary
and Evaluation, Service Availability, Service Rblldy, Position and Range Accuracy and Solar Storm
Effects on GPS SPS performance.

PDOP availability is based on Position DilutionRyecision (PDOP). Utilizing the weekly almanactpds
on the US Coast Guard navigation web site, theremeefor every 5grid point between 180W to 180E
and 80S and 80N was calculated for every minute a&-hour period for each of the weeks covered in
the reporting period. For this reporting peridtg global availability based on PDOP less thariaithe
CONUS wa$9.990% or better.

NANU summary and evaluation was achieved by revigwhe “Notice: Advisory to Navstar Users”
(NANU) reports issued between 1 July and 30 Sepeerd009. Using this data, we compute a set of
statistics that give a relative idea of constalatiealth for both the current and combined histdnyast
quarters. A total of twelve outages were repoitetie NANU's this quarter. Ten outages were sclext!
while two were unscheduled outages.

The quarterly service availability standard wasfiest using 24-hour position accuracy values coragut
from data collected at one-second intervals. Athe sites achieved a 100% availability, whichesdas
the SPS “average location” value of 99% and therstvoase location” value of 90%.

Calculating the 24-hour 95% horizontal and vertfmagition error values verified the accuracy stadsla
The User Range Error and Service Reliability staslavere verified for each satellite from 24-hour
accuracy values computed using data collectecedbtiowing six sites: Boston, Honolulu, Los Anggle
Miami, San Juan and Juneau. This data was altected in one-second samples. All sites achie@&dd
reliability, meeting the SPS specification. Theximaum range error recorded was 15.100 meters on
Satellite PRN 16. The SPS specification statetsthigarange error should never exceed 30 metetsder
than 99.79% of the day for a worst-case point éh88% globally. The maximum RMS range error value
of 2.12894 recorded on satellite 10. The SPS fipatidn states that RMS URE cannot exceed 6 maters
any 24-hour interval.

Geomagnetic storms had little to no effect on GBSogpmance this quarter. All sites met all GPh8&d
Positioning Service (SPS) specifications on thagesdvith the most significant solar activity.

The IGS is a voluntary federation of many worldwadgencies that pool resources and permanent GNSS
station data to generate precise GNSS productsinddtihe evaluation period, the maximum 95%
horizontal and vertical SPS errors were 2.82 metelaspalomas and 4.50 meters at Santiago,
respectively.

From the analysis performed on data collected batvieJuly and 30 September 2009, the GPS

performance met all SPS requirements that weraiated. There were no significant problems to repo
for the duration of the quarter.
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1.0 Introduction

1.1 Objective of GPS SPS Performance Analysis Rep

In 1993, the FAA began monitoring and analyzingl@ldPositioning System (GPS) Standard Positioning
Service (SPS) performance data. At present, th& kas approved GPS and WAAS for IFR operations
and is developing Local Area Augmentation (LAAShieh is an additional GPS augmentation system. In
order to ensure the safe and effective use of GESte.augmentation systems within the NAS, itriical
that characteristics of GPS performance as wedpasific causes for service outages be monitordd an
understood. To accomplish this objective, GPS g&t®rmance data is documented in a quarterly GPS
Analysis report. This report contains data coidcat the following twenty-eight WAAS referencetista
locations:

e Bethel, AK

* Billings, MT

» Fairbanks, AK

« Cold Bay, AK
 Kotzebue, AK

* Juneau, AK

e Albuquerque, NM
* Anchorage, AK

e« Boston, MA

e Washington, D.C.
e Honolulu, HI

e Houston, TX

» Kansas City, KS

* Los Angeles, CA
e Salt Lake City, UT
e Miami, FL

e Minneapolis, Ml

e QOakland, CA

e Cleveland, OH

e Seattle, WA

e SanJuan, PR

+ Atlanta, GA

e Barrow, AK

* Merida, Mexico

* Gander, Canada
e Tapachula, Mexico
e San Jose Del Cabo, Mexico
* lgaluit, Canada
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The analysis of the data is divided into the foarfprmance categories stated in the Standard Bwoisij
Service Performance Specification (October 200T)ese categories are:

 PDOP Availability Standard

e Service Availability Standard

» Service Reliability Standard

» Positioning, Ranging and Timing Accuracy Standard

The results were then compared to the performaaeters stated in the SPS.
1.2 Summary of Performance Requirements and Metcs

Table 1-1 lists the performance parameters fronB8 and identifies those parameters verifiedig th
report.

1.3 Report Overview

Section 2 of this report summarizes the resultainbtl from the coverage calculation program de\eslop
by the GPS test team. The SPS coverage area prages the GPS satellite almanacs to compute each
satellite position as a function of time for a stdel day of the week. This program establisheslegsee

grid between 180 degrees east and 180 degreesandgtom 80 degrees north and 80 degrees sou¢h. Th
program then computes the PDOP at each grid pb#&5 total grid points) every minute for the entisyy
and stores the results. After the PDOP’s have baead the 99.99% index of 1-minute PDOP at each gri
point is determined and plotted as contour lineéguife 2-1). The program also saves the number of
satellites used in PDOP calculation at each gridtdor analysis.

Section 3 summarizes the GPS constellation perfacmay providing the “Notice: Advisory to Navstar
Users” (NANU) messages to calculate the total tiffrecasted and actual satellite outages. Tduien
also evaluates the Service Availability Standaidgi24-hour 95% horizontal and vertical position
accuracy values.

Section 4 summarizes service reliability perforngantt will be reported at the end of the first ye&this
analysis because the SPS standard is based orsarereant interval of one year. Data for the quaste
provided for completeness.

Section 5 provides the position accuracies baseathtacollected on a daily basis at one-secondviale
This section also provides the statistics on thgezgerror, range error rate and range acceleration for
each satellite. The overall average, maximum, mimh and standard deviations of the range rates and
accelerations are tabulated for each satellite.

In Section 6, the data collected during solar ssisvanalyzed to determine the effects, if anyGBS SPS
performance.

Section 7 provides an analysis of GPS-SPS accprrdgrmance from a selection of high rate 1GS steti
around the world.

Appendix A provides a summary of all the results@sipared to the SPS specification.
Appendix B provides the geomagnetic data used doti& 6.
Appendix C provides a PAN Problem Report.

Appendix D provides a glossary of terms used is AN report. This glossary was obtained direfttyn
the GPS SPS specification document (October 2001).
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Table 1-1 SPS Performance Requirements

Octobédr, 2009

PDOP Availability
Standard

Conditions and Constraints

Evaluated in
This Report

= 98% global Position
Dilution of Precision
(PDOP) of 6 or less

> 88% worst site PDOP
of 6 or less

« Defined for position solution meeting the
representative user conditions and operating witien
service volume over any 24-hour interval.

« Based on using only satellites transmitting stathda
code and indicating “health” in the broadcast
navigation message (sub-frame 1).

v

Service Availability
Standard

Conditions and Constraints

= 99% Horizontal
Service Availability
average location

> 99% Vertical Service
Availability average
location

« 36 meter horizontal (SIS only) 95% threshold.

» 77 meter vertical (SIS only) 95% threshold.

« Defined for position solution meeting the
representative user conditions and operating witien
service volume over any 24-hour interval.

> 95.87% global
average on worst-case
day

< Based on using only satellites transmitting stathda
code and indicating “healthy” in the broadcast
navigation message (sub-frame 1).

Service Reliability
Standard

Conditions and Constraints

> 99.94% global

« 30-meter Not-to-Exceed (NTE) SPS SIS URE.

average  Standard based on a measurement interval of ae ye \/
average of daily values within the service volume.
« Standard based on 3 service failures per yedindas
no more than 6 hours each.
> 99.79% single point | * 30-meter Not-to-Exceed (NTE) SPS SIS URE.
average » Standard based on a measurement interval of ae ye

average of daily values from the worst-case point
within the service volume.
« Standard based on 3 service failures per yedmdg,
no more than 6 hours each.

12
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Octobédr, 2009

Accuracy Standard

Conditions and Constraints

Global Average
Positioning Domain
Accuracy

» <13 meters 95% All-
in-View horizontal error
(SIS only)

* < 22 meters 95%
All-in-View vertical
error (SIS only)

« Defined for position solution meeting the
representative user conditions.

« Standard based on a measurement interval of @¢ |
averaged over all points within the service volume.

Worst Site Positioning
Domain Accuracy

» < 36 meters 95% All-
in-View Horizontal
Error (SIS only)

e <77 meters 95% All-
in-View Vertical Error
(SIS only)

« Defined for position solution meeting the
representative user conditions.

» Standard based on a measurement interval of @ h
for any point within the service volume.

Time Transfer Accuracy
¢ <40 nanoseconds
time transfer error 95%
of time (SIS only)

« Defined for time transfer solution meeting the
representative user conditions.

» Standard based on a measurement interval of @ h
averaged over all points within the service volume.

SPS SIS URE
STANDARD

Conditions and Constraints

< 6 meters RMS SIS
SPS URE across the
entire constellation

« Average of the constellation’s individual satellSPS
SIS RMS URE values over any 24-hours interval, for
any point thing the service volume.
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2.0 PDOP Availability Standard

PDOP Availability: The percentage of time over any 24-hour intetivat the PDOP value is less than
or equal to its threshold for any point within thervice volume.

Dilution of Precision (DOP): The magnifying effect on GPS position error indubg mapping
GPS ranging errors into position within the spesficoordinate system through the geometry of
the position solution. The DOP varies as a functibsatellite positions relative to user position.
The DOP may be represented in any user local coatdidesired. Examples are HDOP for local
horizontal, VDOP for local vertical, PDOP for altee coordinates, and TDOP for time. .

PDOP Availability Standard Conditions and Constraints
> 98% global Position Dilution of » Defined for position solution meeting the repreatwe user
Precision (PDOP) of 6 or less conditions and operating within the service volusaer any

24-hour interval.

> 88% worst site PDOP of 6 or less » Based on using only satellites transmitting stathdade and
indicating “health” in the broadcast navigation sege (sub-
frame 1).

Almanacs for GPS weeks used for this coverage@odf the report were obtained from the Coast Guard
web site (www.navcen.uscg.mil). Using these almanan SPS coverage area program developed by the
GPS test team was used to calculate the PDOP it 8\goint between longitudes of 180W to 180E and
80S and 80N at one-minute intervals. This givesta of 1440 samples for each of the 2376 griithisan
the coverage area. Table 2-1 provides the globabaes and worst-case availability over a 24-heudofd

for each week. Table 2-1 also gives the globa@®@PPDOP value for each of the thirteen GPS Weeks.
The PDOP was x.xxxxx or better 99.9% of the timeefach of the 24-hour intervals.

Figure 2-1 is a contour plot of PDOP values overghtire globe. Inside each contour area, the PDOP
value is greater than or equal to the contour vahavn in the legend for that color line. Thateateralue
is also less than the next higher contour valuksssranother contour line lies within the currerelea A
single “DOP hole” where the PDOP value is gredtant6 was evaluated for satellite visibility foreo24-
hour interval from the week shaded in Table 2-he Tistogram in figure 2-2 shows the satellitebiigy

at the DOP hole position for the 24 hour intervadjuestion.

The GPS coverage performance evaluated met théisptons stated in the SPS.
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Table 2-1 PDOP Availability Statistics

Date Range of Week Global 99.9% PDOP Value* Globa#\verage* Worst-Case Point
(Spec:> 98%) (Spec:> 88%)

28 June — 4 July 3.45835 99.990 98.650
5—-11 July 3.34512 99.991 98.413
12 — 18 July 3.34378 99.993 98.889
19 — 25 July 3.17108 99.995 98.958
26 July — 1 August 3.01806 99.997 98.958
2 — 8 August 2.95219 99.999 99.653
9 — 15 August 2.89409 100.000 99.931
16 — 22 August 2.87643 100.000 100.000
23 — 29 August 3.06738 99.999 99.514
30 Aug — 5 Sept 3.04728 99.996 99.375
6 — 12 September 3.13203 99.994 98.889
13 — 19 September 3.09266 99.998 99.444
20 — 26 September 3.11903 99.998 99.444
27 Sept — 3 October 3.10616 99.998 99.514

07/01/09 World GPS Maximum PDOP

40

20

Latitude

-20

-40

-60

=150 =100 =50 a 50 100 150

W.JH. FA& Technical Center Longitude (2 degree sample size) PDOFP
WAAS Test Team
11116403
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Figure 2-2 Satellite Visibility Profile for Morst-Casze Point {Lat: -68: Lon: -165)
25 T T T T T T T

Percentage of Time Over 24 Hours

B 1 1 1 1 1 1 1
6 7 8 L] 1a 11 12 13 14
Hunber of Satellites Visible on 1 July 2889
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Octobédr, 2009

3.0 NANU Summary and Evaluation

NANU: Notice Advisory to NAVSTAR Users - a periodic bulletin alerting users to charigehe
satellite system performance

3.1 Satellite Outages from NANU Reports

Satellite availability performance was analyzedeoasn published “Notice: Advisory to Navstar Users”

messages (NANU's). During this reporting perioduly through 30 September 2009, there were aadbtal

twelve reported outages. Ten of these outages naigtenance activities and were reported in advanc
while two were unscheduled outages. A completimtjsof outage NANU's for the reporting period is
provided in Table 3-1. A complete listing of tlerdcasted outage NANU's for the reporting period ba
found in Table 3-2. Canceled outage NANU's (if paye provided in Table 3-3.

Table 3-1 NANUs Affecting Satellite Availability

NANU # PRN Type Start Date| Start Time End Date End Time Total Total
Unscheduled Scheduled
2009044 21 FCSTSUMM | 24-Jul 03:03 24-Jul 09:06 6.05 6.05
2009047 18 UNUSABLE | 25-Jul 01:28 26-Jul 16:00 38.53 38.53
2009050 20 FCSTSUMM 30-Jul 09:15 30-Jul 17:41 8.43 8.43
2009051 30 FCSTSUMM | 05-Aug 02:25 05-Aug 09:29 7.06 7.06
2009059 26 FCSTSUMM | 02-Sep 08:28 02-Sep 16:34 8.10 8.1
2009062 5 UNUSABLE | 05-Sep 22:28 06-Sep 20:21 21.88 21.88
2009063 31 FCSTSUMM | 11-Sep 01:27 11-Sep 02:37 1.16 1.16
2009071 23 FCSTSUMM | 18-Sep 08:28 18-Sep 15:25 6.95 6.95
2009072 5 FCSTSUMM | 22-Sep 10:27 22-Sep 20:53 10.43 10.43
2009074 10 FCSTSUMM | 25-Sep 01:13 25-Sep 06:25 5.20 5.20
2009075 26 FCSTSUMM | 28-Sep 09:41 28-Sep 14:52 5.18 5.18
2009076 4 FCSTSUMM | 29-Sep 03:40 29-Sep 09:42 6.03 6.03
Total Actual Unscheduled and Scheduled Downtime and Total Actual Downtime 60.41 64.59 125.00
Table 3-2 NANUs Forecasted to Affect Satellite Ava ilability
NANU # PRN Type Start Date| Start Time End Date End Time Total Comments
2009040 21 FCSTDV 24-Jul 02:30 24-Jul 17:00 14.5 See NANU 44
2009041 20 FCSTDV 30-Jul 09:15 30-Jul 23:00 13.75 See NANU 50
2009045 18 UNUSUFN 25-Jul 01:28 N/A N/A N/A See NANU 47
2009049 30 FCSTDV 05-Aug 02:15 05-Aug 16:00 13.75 See NANU 51
2009056 26 FCSTDV 02-Sep 08:00 02-Sep 22:00 14 See NANU 59
2009057 31 FCSTDV 10-Sep 00:30 10-Sep 12:30 12 See NANU 58
2009058 31 FCSTRESCD| 11-Sep 00:30 11-Sep 15:00 14.5 See NANU 63
2009060 23 FCSTDV 18-Sep 08:15 18-Sep 20:15 12 See NANU 71
2009061 5 UNUSUFN | 05-Sep 22:28 N/A N/A N/A See NANU 62
2009066 24 UNUSUFN | 12-Sep 20:17 N/A N/A N/A
2009068 10 FCSTDV 25-Sep 01:00 25-Sep 15:00 14 See NANU 74
2009069 5 FCSTDV 22-Sep 10:00 24-Sep 10:00 48 See NANU 72
2009070 26 FCSTMX 28-Sep 09:30 28-Sep 21:30 12 See NANU 75
2009073 4 FCSTDV 29-Sep 03:00 29-Sep 17:30 14.5 See NANU 76
Total Forecast Downtime 183
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Table 3-3 NANUs Canceled
NANU# PRN Type Start Date| Start Time Comments

None

Satellite Reliability, Maintainability, and Availdlty (RMA) data is being collected based on pulindid
“Notice: Advisory to Navstar Users” messages (NAN)J’ This data has been summarized in Table 3-4.
The “Total Satellite Observed MTTR” was calculatgdtaking the average downtime of all satelliteagat
occurrences. Schedule downtime was forecastedvianae via NANU's. All other downtime reported via
NANU was considered unscheduled. The “Percent &jpsal” was calculated based on the ratio of total
actual operating hours to total available operaliogrs for every satellite.

Table 3-4 GPS Block II/lIA Satellite RMA Data

Satellite Reliability/Maintainability/Availability (RMA) Parameter 1-Jul-09 1-Oct-99
30-Sep-09 30-Sep-09
Total Forecast Downtime (hrs): 183.00 7073.65
Total Actual Downtime (hrs): 125.00 25194.02
Total Actual Scheduled Downtime (hrs): 64.59 3712.89
Total Actual Unscheduled Downtime (hrs): 60.41 21481.13
Total Satellite Observed MTTR (hrs): 10.42 45.07
Scheduled Satellite Observed MTTR (hrs): 6.46 9.24
Unscheduled Satellite Observed MTTR (hrs): 30.21 136.82
# Total Satellite Outages: 12 559
# Scheduled Satellite Outages: 10 402
# Unscheduled Satellite Outages: 2 157
Percent Operational -- Scheduled Downtime: 99.906 99.826
Percent Operational -- All Downtime: 99.994 98.819

GENERAL NANU'’s

NANU's 2009042 & 2009043 were repeats of 2009041

NANU 2009046 was a repeat of 2009045

NANU 2009052 announced PRN25 as unusable until further notice

NANU 2009053 announced the launch of PRN 5

NANU 2009054 announced the decommission of PRN 25

NANU 2009055 announced the initial usability of PRN 5

NANU 2009064 announced PRN 24 was unusable until further notice

NANU 2009065 announced PRN 25 will be included in the almanac, while PRN 24 will be removed
NANU 2009067 announced the initial usability of PRN 25

Report 67 13



GPS SPS Performance Analysis Report Octobdr, 2009

3.2 Service Availability Standard

Service Availability: The percentage of time over any 24-hour intervat the predicted 95% positionin
error is less than its threshold for any given puwiithin the service volume.

* Horizontal Service Availability: The percentage of time over any 24-hour intervat the predicted
95% horizontal error is less than its thresholddfioy point within the service volume.

* Vertical Service Availability: The percentage of time over any 24-hour intervat the predicted 95%
vertical error is less than its threshold for anjnpwithin the service volume.

Service Availability Standard Conditions and Constraints

> 99% Horizontal Service Availability ||+ 36 meter horizontal (SIS only) 95% threshold.

average location « 77 meter vertical (SIS only) 95% threshold.

 Defined for position solution meeting the repreatve user
> 99% Vertical Service Availability conditions and operating within the service volumeer any
average location 24-hour interval.

> 95.87% global average on worst-ca: | * Based on using only satellites transmitting stashdade and
day indicating “healthy” in the broadcast navigationgsege (sut
frame 1).

To verify availability, the data collected from e#eers at the twenty-eight WAAS sites was reduced t
calculate 24-hour accuracy information and repoirieBable 3-5. The data was collected at one-scon
intervals between 1 July and 30 September 2009.
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Table 3-5 Accuracies Exceeding Threshold Statiss

Octobédr, 2009

Site Total Number of Secondq Instances of 24-hour| Quarters Service
of SPS Monitoring Threshold Failures Availability %
Albuguerque 7942037 0 100%
Anchorage 7940738 0 100%
Atlanta 7929762 0 100%
Barrow 7940194 0 100%
Bethel 7751118 0 100%
Billings 7941398 0 100%
Boston 7938248 0 100%
Cleveland 7938854 0 100%
Cold Bay 6201742 0 100%
Fairbanks 7941328 0 100%
Gander 7942297 0 100%
Honolulu 7936356 0 100%
Houston 7940670 0 100%
Iqaluit 7940007 0 100%
Juneau 7937783 0 100%
Kansas City 7937777 0 100%
Kotzebue 7931546 0 100%
Los Angeles 7940969 0 100%
Merida 7940096 0 100%
Miami 7933971 0 100%
Minneapolis 7933107 0 100%
Oakland 7940303 0 100%
Salt Lake City 7941712 0 100%
San Jose Del Cabo 7877621 0 100%
San Juan 7916818 0 100%
Seattle 7941417 0 100%
Tapachula 7515972 0 100%
Washington, DC 7572700 0 100%
Global Average over Reporting Period = 100% (SPS $p. > 95.87%)
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4.0 Service Reliability Standard

Service Reliability: The percentage of time over a specified timaatehat the instantaneous
SIS SPS URE is maintained within a specified réitghthreshold at any given point within the
service volume, for all healthy GPS satellites.

Service Reliability Standard Conditions and Constraints
» 30-meter Not-to-Exceed (NTE) SPS SIS URE.
> 99.94% global average  Standard based on a measurement interval of are ye

average of daily values within the service volume.

< Standard based on 3 service failures per yedindaso
more than 6 hours each.

e 30-meter Not-to-Exceed (NTE) SPS SIS URE.

= 99.79% single point average » Standard based on a measurement interval of are ye
average of daily values from the worst-case poititiwthe
service volume.

 Standard based on 3 service failures per yedindaso
more than 6 hours each.

Table 4-1 shows a comparison to the service rditiastandard for range data collected at a sesbof
receivers across North America. Although the dftion calls for yearly evaluations, we will be
evaluating this SPS requirement at quarterly irtistv Additional range analysis results can be daan
table 5-2 on page 21. The maximum User Range Eecmrded this quarter was 15.100 meters on datelli
PRN 16.

Table 4-1 Service Reliability Based on User Rangerier

Date Range of Data Site Number of Number of Samples | Service Reliability
Collection Samples where SPS URE Percentage
This Quarter > 30m NTE
1 Apr — 30 Jun 2009 Boston 64,878,424 0 100%
1 Apr — 30 Jun 2009 Honolulu 68,660,166 0 100%
1 Apr — 30 Jun 2009 Los Angeles 66,403,193 0 100%
1 Apr — 30 Jun 2009 Miami 66,430,403 0 100%
1 Apr — 30 Jun 2009 San Juan 68,358,329 0 100%
1 Apr — 30 Jun 2009 Juneau 68,278,198 0 100%
1 Apr — 30 Jun 2009 Global 403,008,713 0 100%
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5.0 Accuracy Standard

Positioning Accuracy: The statistical difference, at a 95% probabilitgtveeen position measurements and
a surveyed benchmark for any point within the serwviolume over any 24-hour interval.

» Horizontal Positioning Accuracy: The statistical difference, at a 95% probabilitgtveeen horiz positio
measurements and a surveyed benchmark for any\pitivih the service volume over any 24-hour intérya
* Vertical Positioning Accuracy: The statistical difference, at a 95% probabilitgtvieen vertical positio
measurements and a surveyed benchmark for any\pitivih the service volume over any 24-hour intérya

=

=

Accuracy Standard Conditions and Constraints

Global Average Positioning Domain » Defined for position solution meeting the repreagve

Accuracy user conditions.
* < 13 meters 95% All-in-View » Standard based on a measurement interval of @4 ho
horizontal error (SIS only) averaged over all points within the service volume.

» < 22 meters 95%
All-in-View vertical error (SIS only)

Worst Site Positioning Domain Accure || « Defined for position solution meeting the repreagve

» < 36 meters 95% All-in-View user conditions.

Horizontal Error (SIS only) » Standard based on a measurement interval of @ fior
e < 77 meters 95% All-in-View Vertice any point within the service volume.

Error (SIS only)

Time Transfer Accuracy » Defined for time transfer solution meeting the
» <40 nanoseconds time transfer err( | representative user conditions.
95% of time (SIS only) » Standard based on a measurement interval of @4 ho

averaged over all points within the service volume.

SPS SIS URE STANDARD Conditions and Constraints

< 6 meters RMS SIS SPS URE acros: || * Average of the constellation’s individual satellSPS SIS
the entire constellation RMS URE values over any 24-hours interval, for paint
thing the service volume.
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5.1 Position Accuracy

The data used for this section was collected feryesecond from 1 July through 30 September 20@8eat
selected WAAS locations.

Table 5-1 provides the 95% and 99.99% horizontdhaamtical error accuracies for the quarter. Every

twenty-four hour analysis period this quarter pedsath the worst-case and global position accuracy
requirements set forth by the SPS specification.

Table 5-1 Horizontal & Vertical Accuracy Statistics for the Quarter

Site 95% 95% 99.99% 99.99%
Horizontal Vertical Horizontal Vertical
(Meters) (Meters) (Meters) (Meters)
Albuquergue 1.975 3.193 6.611 10.024
Anchorage 1.724 3.453 3.687 7.861
Atlanta 1.947 3.695 6.64 9.219
Barrow 1.444 3.793 3.389 8.125
Bethel 2.022 3.796 6.141 12.505
Billings 2.004 3.275 6.953 9.998
Boston 1.868 3.744 4,181 7.927
Cleveland 1.96 3.635 4.965 8.878
Cold Bay 1.921 3.264 4.264 7.174
Fairbanks 1.548 3.584 3.51 7.869
Gander 1.817 3.376 4.203 10.014
Honolulu 2.592 4,128 4,794 10.643
Houston 1.978 3.345 7.233 10.097
Igaluit 1.53 3.518 4.704 15.542
Juneau 1.743 3.294 3.878 7.538
Kansas City 2.004 3.513 6.337 10.071
Kotzebue 1.512 3.617 3.21 7.818
Los Angeles 2.058 3.987 6.904 8.733
Merida 2.296 3.762 7.26 8.61
Miami 2.007 3.855 6.994 9.303
Minneapolis 1.991 3.481 5.164 9.154
Oakland 2.085 4.06 5.881 8.401
Salt Lake City 2.028 3.458 6.9 9.678
San Jose Del Cabo 2.439 3.23 7.485 7.579
San Juan 2.083 4.213 6.089 8.493
Seattle 2.062 3.446 5.096 6.564
Tapachula 2.593 3.574 5.812 8.759
Washington, DC 1.894 3.741 5.233 8.821

Figures 5-1 and 5-2 are the combined histograntiseofertical and horizontal errors for all twentge
WAAS sites from 1 July to 30 September 2009.
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Figure 5-1 Global Vertical

Error Histogram
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5.2 Time Transfer Accuracy

The GPS time error data between 1 July and 30 Béyaie2009 was down loaded from USNO Internet
site. The USNO data file contains the time diffeebetween the USNO master clock and GPS system
time for each GPS satellites during the time peri@der 10,000 samples of GPS time error are coadhi

in the USNO data file. In order to evaluate the GiRte transfer error, the data file was used tatera
histogram (Fig 5-3) to represent the distributiéi&®S time error. The histogram was created bytattie
absolute value of time difference between the USh&Bter clock and GPS system time, then creatiray dat
bins with one nanosecond precision. The numbeamipes in each bin was then plotted to form the
histogram in Fig 5-3. The mean, standard deviaton 95% index are within the requirements of GPS
SPS time error.

Figure 5-3 Time Transfer Errors
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5.3 Range Domain Accuracy

Tables 5-3 through 5-5 provide the statistical datahe range error, range rate error and thegang
acceleration error for each satellite. This dada wollected between 1 July and 30 September 2009.

A weighted average filter was used for the caléoiabf the range rate error and the range accaerat
error. All Range Domain SPS specifications weré me

Table 5-2 Range Error Statistics (meters)

PRN RMS Range Range Error lo 95% Range Max Range Error Samples
Error (<_6 m) Mean Error (SPS Spec. 80 m)
2 1.58355 0.91660 1.181408 | 2.88926 7.092 14564451
3 1.75718 0.81814 [1.150388| 2.99151 8.210 12601064
4 1.35370 0.45486 1.061349 | 2.54948 7.320 14229754
5 1.43659 0.02226 1.213201| 2.63076 7.715 4777095
6 1.35602 0.67476 | 0.988333| 2.32461 7.379 12869510
7 1.19334 -0.02402 | 0.974700| 2.20374 9.732 12321179
8 1.61481 0.37663 1.279169 | 3.02042 8.889 13159225
9 1.69872 0.72547 1.348864 | 3.13658 10.086 13339789
10 2.12894 1.59244 | 1.228515| 3.64660 10.685 13852367
11 1.60210 0.87460 1.108355| 2.75153 6.626 12614168
12 1.24057 0.36269 1.050706 | 2.37683 6.123 14692206
13 1.12781 0.34846 [ 0.935831| 2.14523 9.380 14290509
14 1.49296 1.05977 0.960378 | 2.61416 6.947 14490417
15 1.23969 0.44440 [ 0.999573| 2.32342 5.897 12852299
16 1.29582 0.79766 | 0.920329 | 2.30937 15.100 13261862
17 1.32929 0.09997 1.132236 | 2.50500 6.459 14565263
18 1.69073 1.21404 1.040382 | 2.86421 9.131 12893654
19 1.69550 1.21966 1.067727 | 2.87049 6.117 12796100
20 1.39038 0.91835 [0.909523| 2.41672 7.540 14471743
21 1.77581 1.38761 1.008679 | 2.92243 7.147 12087091
22 1.75723 1.21773 | 0.973196 | 2.94579 8.951 12723339
23 1.25349 0.66125 | 0.938246 | 2.26667 7.072 12858364
24 1.64444 0.84255 1.114129 | 2.84615 7.317 10118254
25 1.39537 0.22797 | 0.962790| 2.43524 11.079 9184797
26 1.38880 0.61699 1.064629 | 2.55035 7.032 14070303
27 1.71653 0.48811 1.415299 | 3.18051 10.195 14001011
28 1.54866 0.54117 1.176719| 2.80012 8.765 12928146
29 1.38990 0.46035 1.094988 | 2.58533 8.440 14066353
30 1.56234 0.27777 1.234920 | 2.88779 8.408 13448588
31 1.16675 0.18686 0.995327 | 2.25449 7.101 14331314
32 1.56429 1.15454 | 0.915039 | 2.64539 8.231 14548498
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Table 5-3 Range Rate Error Statistics (meters/secdh

PRN Range Rate Range Rate Range Rate 95% Range | Max Range Rate Error Samples
Error RMS Error Mean Errorlo Rate Error
2 0.001372 -0.000057 0.001368 0.002603 0.08352 14564451
3 0.001725 -0.000039 0.001722 0.002764 0.16147 12601064
4 0.001309 -0.000051 0.001305 0.002448 0.16698 14229754
5 0.001576 -0.000060 0.001572 0.002758 0.13691 4777095
6 0.001322 -0.000015 0.001318 0.002299 0.08479 12869510
7 0.001358 -0.000011 0.001355 0.002504 0.09863 12321179
8 0.001923 -0.000011 0.001920 0.002924 0.19676 13159225
9 0.001835 0.000046 0.001831 0.002800 0.17182 13339789
10 0.001696 0.000008 0.001693 0.002837 0.14373 13852367
11 0.001395 -0.000017 0.001392 0.002532 0.09410 12614168
12 0.001379 0.000010 0.001376 0.002652 0.07183 14692206
13 0.001380 0.000027 0.001377 0.002501 0.08095 14290509
14 0.001356 -0.000001 0.001354 0.002490 0.07079 14490417
15 0.001349 -0.000006 0.001346 0.002553 0.09577 12852299
16 0.001381 0.000007 0.001378 0.002511 0.34549 13261862
17 0.001457 -0.000022 0.001454 0.002603 0.19731 14565263
18 0.001375 -0.000031 0.001373 0.002534 0.11649 12893654
19 0.001350 -0.000025 0.001347 0.002472 0.08738 12796100
20 0.001353 0.000002 0.001352 0.002522 0.08657 14471743
21 0.001362 -0.000030 0.001359 0.002611 0.11733 12087091
22 0.001571 -0.000024 0.001569 0.002592 0.13730 12723339
23 0.001326 0.000003 0.001324 0.002416 0.08380 12858364
24 0.001658 -0.000039 0.001656 0.002654 0.14239 10118254
25 0.001269 0.000022 0.001266 0.002259 0.09116 9184797
26 0.001418 0.000010 0.001416 0.002413 0.11756 14070303
27 0.001880 0.000044 0.001875 0.002741 0.14835 14001011
28 0.001434 0.000005 0.001431 0.002552 0.12321 12928146
29 | 0.001438 -0.000027 0.001435 0.002548 0.13457 14066353
30 0.001852 -0.000003 0.001850 0.002847 0.16562 13448588
31 0.001415 0.000019 0.001411 0.002448 0.11596 14331314
32 0.001329 -0.000004 0.001327 0.002274 0.09698 14548498
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Table 5-4 Range Acceleration Error Statistics (mets/second)

PRN Range Range Range Max Range Samples
Acceleration | Acceleration |Acceleration 1o Acceleration Error
Error RMS Error Mean
2 ]0.000010053 0 0.000010053 0.000020091 14564451
3 10.000013618 0 0.000013618 0.000022043 12601064
4 10.000010317 0 0.000010317 0.000019607 14229754
5 ]0.000012219 0 0.000012219 0.000021900 4777095
6 |0.000010892 0 0.000010892 0.000019173 12869510
7 10.000010418 0 0.000010418 0.000020035 12321179
8 10.000015005 0 0.000015005 0.000022277 13159225
9  10.000014240 0 0.000014255 0.000021134 13339789
10 |0.000012918 0 0.000012918 0.000022169 13852367
11 |0.000010944 0 0.000010944 0.000020000 12614168
12 10.000010153 0 0.000010153 0.000020162 14692206
13 |0.000010798 0 0.000010798 0.000020119 14290509
14 10.000010329 0 0.000010329 0.000020019 14490417
15 |0.000010295 0 0.000010295 0.000020079 12852299
16 |0.000010860 0 0.000010860 0.000020236 13261862
17 10.000011315 0 0.000011315 0.000020114 14565263
18 |0.000010504 0 0.000010504 0.000020140 12893654
19 10.000010568 0 0.000010568 0.000020052 12796100
20 10.000010624 0 0.000010624 0.000020205 14471743
21 10.000010159 0 0.000010159 0.000020168 12087091
22 10.000012515 0 0.000012515 0.000020568 12723339
23 0.000010633 0 0.000010633 0.000020114 12858364
24 10.000012977 0 0.000012977 0.000020162 10118254
25 10.000010612 0 0.000010612 0.000016995 9184797
26 0.000011162 0 0.000011162 0.000019487 14070303
27 10.000014951 0 0.000014951 0.000020354 14001011
28 10.000011221 0 0.000011221 0.000020106 12928146
29 10.000011339 0 0.000011339 0.000020072 14066353
30 10.000014109 0 0.000014109 0.000021467 13448588
31 0.000011361 0 0.000011361 0.000020025 14331314
32 0.000010976 0 0.000010976 0.000018681 14548498

Figures 5-4, 5-5 and 5-6 are graphical represemzif the distributions of the maximum range error
range rate error and range acceleration errorifeaeellites. The highest maximum range erromuoiced

on satellite 16 with an error of 15.10teters. Satellite 15 had the lowest maximum ramge of 5.897

meters.
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Figure 5-4 Distribution of Daily Max Range Errors
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Figure 5-6: Distribution of Daily Max Acceleration Rate Errors
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Figure 5-7: Range Error Histogram
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Figure 5-8: Maximum Range Error Per Satellite
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Figure 5-10: Maximum Range Acceleration Per Satelli  te

0.000025

Maximum Range Accel. Error
(Meters/Second*Second)

Satellite PRN Number

Report 67 26



GPS SPS Performance Analysis Report Octobdr, 2009

6.0 Solar Storms

Solar storm activity is being monitored in ordeiasess the possible impact on GPS SPS performance.
Solar activity is reported by the Space Environnteeiter (SEC) , a division of the National Ocearid
Atmospheric Administration (NOAA). When storm adtyy is indicated, ionospheric delays of the GPS
signal, satellite outages, position accuracy aralatility will be analyzed.

The following article was taken from the SEC wele &ittp://sec.noaa.gov. It briefly explains sorhthe
ideas behind the association of the aurora witmgemetic activity and a bit about how the ‘K-index’
‘K-factor’ works.

The aurora is caused by the interaction of highrgpearticles (usually electrons) with neutral atem

in the earth's upper atmosphere. These high-engagycles can ‘excite’ (by collisions) valence
electrons that are bound to the neutral atom. Teheited’ electron can then ‘de-excite’ and return
back to its initial, lower energy state, but in fhi®cess it releases a photon (a light particld)eT
combined effect of many photons being released finamy atoms results in the aurora display that you
see.

The details of how high energy particles are getestaluring geomagnetic storms constitute an entire
discipline of space science in its own right. Theib idea, however, is that the Earth’s magnegddfi

(let us say the ‘geomagnetic field’) is respondio@n outwardly propagating disturbance from the
Sun. As the geomagnetic field adjusts to this distice, various components of the Earth’s field
change form, releasing magnetic energy and theagloglerating charged particles to high energies.
These particles, being charged, are forced to stredong the geomagnetic field lines. Some end up in
the upper part of the earth’s neutral atmospherd Hre auroral mechanism begins.

An instrument called a magnetometer may also meaterdisturbance of the geomagnetic field. At
NOAA'’s operations center magnetometer data is veckefrom dozens of observatories in one-minute
intervals. The data is received at or near to ‘réiate’ and allows NOAA to keep track of the current
state of the geomagnetic conditions. In order guee the amount of data NOAA converts the
magnetometer data into three-hourly indices, wigike a quantitative, but less detailed measurdef t
level of geomagnetic activity. The K-index scals & range from 0 to 9 and is directly relatedhe t
maximum amount of fluctuation (relative to a quay) in the geomagnetic field over a three-hour
interval.

The K-index is therefore updated every three hotis. K-index is also necessarily tied to a specific
geomagnetic observatory. For locations where ttegeeno observatories, one can only estimate what
the local K-index would be by looking at data frita nearest observatory, but this would be suligect
some errors from time to time because geomagnetiity is not always spatially homogenous.

Another item of interest is that the location of Hurora usually changes geomagnetic latitude as th
intensity of the geomagnetic storm changes. Thaitot of the aurora often takes on an ‘oval-like’
shape and is appropriately called the auroral oval.

Figures 6-1 through 6-3 show the K-index for thiie® periods with significant solar activity. Atibgh
there were other days with increased solar actitligse time periods were selected as examplez (S
Appendix B for the actual geomagnetic data for thorting period.)
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Figure 6-1 K-Index for 21-23 July 2009
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Figure 6-2 K-Index for 29-31 August 2009
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Figure 6-3 K-Index for 5-7 August 2009
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Table 6-1 shows the position accuracy informatmnrtiie day corresponding to Figure 6-1. The GPS SP
performance met all requirements during all stottmas occurred during this quarter.

Table 6-1 Horizontal & Vertical Accuracy Statigics for 22 July 2009

Site 95% 95% 99.99% 99.99%

Horizontal Vertical Horizontal Vertical

(Meters) (Meters) (Meters) (Meters)
Albuquerque 2.81 2.95 3.11 3.78
Anchorage 1.46 3.12 1.75 441
Atlanta 1.69 4.66 2.45 6.15
Barrow 1.21 2.93 1.89 5.22
Bethel 1.46 3.09 1.95 5.07
Billings 2.25 2.62 3.61 2.98
Boston 1.33 3.03 1.95 4.92
Cleveland 1.52 3.89 2.24 5.11
Cold Bay 2.08 2.96 2.60 4.60
Fairbanks 1.46 3.21 4.15 7.27
Gander 1.42 3.02 2.34 3.92
Honolulu 2.12 2.95 2.73 3.90
Houston 2.16 3.96 2.68 451
Igaluit 1.10 2.70 2.62 9.48
Juneau 1.61 2.92 2.28 4.59
Kansas City 2.04 4.24 2.59 5.562
Kotzebue 1.16 3.05 1.63 5.19
Los Angeles 2.63 3.48 3.24 4.15
Merida 2.17 4.30 2.49 5.24
Miami 1.62 4.47 2.04 6.00
Minneapolis 1.72 3.58 2.89 4.99
Oakland 2.63 3.34 5.06 4.29
Salt Lake City 2.54 2.95 3.64 3.73
San Jose Del Cabo 2.33 3.64 2.90 4.73
San Juan 1.99 3.95 2.26 5.00
Seattle 2.77 2.57 3.45 3.98
Tapachula 3.19 4.27 3.56 4.83
Washington, DC 1.40 3.94 2.12 4.73
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7.0 IGS Analysis

7.0 IGS Analysis

GPS SPS accuracy performance was evaluated aedisel of high rate IGS statiofs The IGS is a
voluntary federation of many worldwide agencied thaol resources and permanent GNSS station data to
generate precise GNSS products.

High data rate (1 Hz) sites that had high avaiighih 2006, were outside of the WAAS service araad
provided a good geographic distribution have besacted. To facilitate differentiating between GPS
accuracy issues and receiver tracking problemsawomatic data screening function excluded errors
greater than 500 meters and or times when VDOPDDIP were greater than 10. The remaining receiver
tracking issues are still included in the statstnd are forced into the 50.1-meter histogramabich are
believed to influence the outliers in the 99.99%tistics. In addition day J213 data from GLPS besn
excluded. GLPS had a 5 hour outage followed byhawt period of larger errors on J213. Days J269 a
J245 were reprocessed using a broadcast globajateon data file created by voting across all aldé
IGS high rate RINEX navigation data files becausguality issues with the posted brdc file.

The MALI site in Kenya was not available at allstisjuarter and the nearby MAL2 site had frequerdges
and other tracking problems and could no be usHuk three sites in Russia (MOBN, NRIL, and PETS)
did not have data this quarter

Table 7.1 and Figure 7.1 show the IGS site infoilmmatind locations. Table 7.2 shows the GPS SPS
Accuracy Performance observed at a selection dfl Rigte 1GS sites. Figure 7.2 shows the 95% hotgon
accuracy trends at these sites. Figure 7.3 sHmv83% vertical accuracy trends at these sitesalde of
zero indicates no data.

(1) J.M. Dow, R.E. Neilan, G. Gendt, "The Interpatil GPS Service (IGS): Celebrating the 10th
Anniversary and Looking to the Next Decade," Adpa&e Res. 36 vol. 36, no. 3, pp. 320-326, 2005: Doi
10.1016/j.asr.2005.05.125

Table 7-1 Selected IGS Site Information

ID City, Country

GLPS Puerto Ayora, Ecuador
GUAM | Dededo, Guam

IISC Bangalore, India

KIRU Kiruna, Sweden

KOUR | Kourou, French Guyana
MADR | Robledo, Spain
MAS1 | Maspalomas, Spain
MATE | Matera, ltaly

NNOR | New Norcia, Australia
POL2 Bishkek, Kyrghyzstan
SANT | Santiago, Chile
SUTM | Sutherland, South Africa
TIDB Tidbinbilla, Australia
USUD | Usuda, Japan
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Latitude

Figure 7-1 Selected IGS Site Locations

IGS Sites with High Data Rate Selected for PAN Report, 4/2/09 to 7/1/09

0 =

150

Longitude

Table 7-2 GPS SPS Performance at Selected High Ra@&S Sites

site 95% 95% 99.99% 99.99% | Percent

Horizontal | Vertical | Horizontal | Vertical | Data

Error (m) | Error (m) | Error (m) | Error (m) | Available
GLPS 1.83 4.01 18.8 30.45 97.87%
GUAM 2.02 4.37 7.55 15.91 96.50%
IISC 1.85 3.82 23.67 21.66 91.70%
KIRU 1.74 4.07 4.6 17.36 99.97%
KOUR 1.76 3.68 4.97 10.94 99.97%
MADR 1.98 3.88 7.69 9.97 99.76%
MAS1 2.82 3.82 8.11 15.91 98.54%
MATE 2.04 3.92 5.75 11.6 88.31%
NNOR 2 4.43 4.37 11.73 100.00%
POL2 2.1 3.68 4.31 7.63 99.99%
SANT 2.5 4.5 6.95 9.14 99.99%
SUTM 1.84 3.68 7.72 10.1 97.03%
TIDB 2.29 4.13 7.61 13.67 97.20%
USuD 2.37 4.49 5.78 9.69 99.99%
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Figure 7-2 GPS SPS 95% Horizontal Accuracy TrendstéSelected IGS Sites

7/1/09 to 10/1/09 95% Horizontal Accuracy
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Figure 7-3 GPS SPS 95% Vertical Accuracy Trends eéBelected IGS Sites

7/1/09 to 10/1/09 95% Vertical Accuracy
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Appendix A Performance Summary

Conditions and Constraints

PDOP Availability Standard

Measured Performance

» Defined for position solution meeting the
representative user conditions and operating witier]
service volume over any 24-hour interval.

» Based on using only satellites transmitting stathda
code and indicating “health” in the broadcast
navigation message (sub-frame 1).

> 98% global Position
Dilution of Precision (PDOP
of 6 or less

> 88% worst site PDOP of 6
or less

=99.990 %

>98.413 %

Conditions and Constraints

Service Availability
Standard

Measured Performance

» 36 meter horizontal (SIS only) 95% threshold.

> 99% Horizontal Service

» 77 meter vertical (SIS only) 95% threshold. Availability average location 100%
» Defined for position solution meeting the

representative user conditions and operating withér] > 99% Vertical Service

service volume over any 24-hour interval. Availability average location
» Based on using only satellites transmitting stashda | > 95.87% global average on

code and indicating “healthy” in the broadcast worst-case day 100%

navigation message (sub-frame 1).

Conditions and Constraints

Service Reliability Standard

Measured Performance

» 30-meter Not-to-Exceed (NTE) SPS SIS URE.

» Standard based on a measurement interval of ae
average of daily values within the service volume.

» Standard based on 3 service failures per yedindas
no more than 6 hours each.

> 99.94% global average
ye

100%

» 30-meter Not-to-Exceed (NTE) SPS SIS URE.

» Standard based on a measurement interval of are
average of daily values from the worst-case point
within the service volume.

» Standard based on 3 service failures per yedmdg|

no more than 6 hours each.

> 99.79% single point
yaverage

vl

100%
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Conditions and Constraints

Accuracy Standard

Measured Performance

« Defined for position solution meeting the
representative user conditions.

Global Average Positioning
Domain Accuracy

» Standard based on a measurement interval of @& H « < 13 meters 95% All-in- 1.968 m
averaged over all points within the service volume. | View horizontal error (SIS
only)
* < 22 meters 95% 3.611m
All-in-View vertical error
(SIS only)
» Defined for position solution meeting the Worst Site Positioning
representative user conditions. Domain Accuracy
» Standard based on a measurement interval of @ Ho < 36 meters 95% All-in- 4213 m
for any point within the service volume. View Horiz Error (SIS only)
» <77 meters 95% All-in- 2.593 m

View Vertical Error (SIS
only)

» Defined for time transfer solution meeting the
representative user conditions.

» Standard based on a measurement interval of @ I
averaged over all points within the service volume.

Time Transfer Accuracy

0 <40 nanoseconds time
transfer error 95% of time
(SIS only)

10 nanoseconds 95%

» Average of the constellation’s individual satellSPS
SIS RMS URE values over any 24-hours interval, for
any point in the service volume.

< 6 meters RMS SIS SPS
URE across the entire
constellation

2.129 meters
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Appendix B
Space Weat her Prediction Center

# Please send comment and suggestions to SWPC. Wbnast er @oaa. gov

NOAA,

of Commerce,
Current Quarter Daily Geonagnetic Data
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Appendix C Performance Analysis (PAN) Problem Reprt

Background:
In 1993, the FAA began monitoring and analyzingl@ldPositioning System (GPS) Standard Positioning

Service (SPS) performance data. At present, th& les approved GPS for IFR and is developing WAAS
and LAAS, both of which are GPS augmentation system order to ensure the safe and effective fise o
GPS and its augmentation systems within the NAS,dtitical that characteristics of GPS perforneas

well as specific causes for service outages betomaui and understood. To accomplish this objective
GPS SPS performance data is documented in a dydetes Performance Analysis (PAN) report. The
PAN report contains data collected at various NaticGatellite Test Bed (NSTB) and Wide Area
Augmentation System (WAAS) reference station lagati This PAN Problem Report will be issued only
when the performance data fails to meet the GPi&I&td Positioning Service (SPS) Signal Specificatio

Problem Description:

There were no problems to report for the quarter.
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Appendix D Glossary

The terms and definitions discussed below are t&loen the Standard Positioning Service Performance
Specification (October 2001). An understandingheke terms and definitions is a necessary presiegui
to full understanding of the Signal Specification.

General Terms and Definitions

Almanac Longitude of the Ascending Node.¢): Equatorial angle from the Prime Meridian (Greenwyich
at the weekly epoch to the ascending node at theneeris reference epoch.

Coarse/Acquisition (C/A) Code:A PRN code sequence used to modulate the GPS tigrcar

Corrected Longitude of Ascending NodeQk) and Geographic Longitude of the Ascending Node
(GLAN): Equatorial angle from the Prime Meridian (Greenwitththe ascending node, both at arbitrary
time T,.

Dilution of Precision (DOP): The magnifying effect on GPS position error indubgdnapping GPS
ranging errors into position within the specifieabedinate system through the geometry of the psiti
solution. The DOP varies as a function of satefiibsitions relative to user position. The DOP rnay
represented in any user local coordinate desineaimigles are HDOP for local horizontal, VDOP fordbc
vertical, PDOP for all three coordinates, and TDiGRime.

Equatorial Angle: An angle along the equator in the direction of Eaotation.

Geometric Range:The difference between the estimated locations@P8& satellite and an SPS receiver.
Ground track Equatorial Crossing (GEC, A, 2 SOPS GLAN):Equatorial angle from the Prime
Meridian (Greenwich) to the location a ground tragkrsects the equator when crossing from thettgont
to the Northern hemisphere. GEC is equdlkowhen the argument of latitude) is zero.

Instantaneous User Range Error (URE)The difference between the pseudo range measueediatn
location and the expected pseudo range, as ddrivedthe navigation message and the true useriposit
neglecting the bias in receiver clock relative S&ime. A signal-in-space (SIS) URE includes nasid
orbit, satellite clock, and group delay errors.yA&tem URE (sometimes known as a User Equivaleng&an
Error, or UERE) contains all line-of-sight errotusces, to include SIS, single-frequency ionosphevdel
error, troposphere model error, multipath and remenoise.

Longitude of Ascending Node (LAN):A general term for the location of the ascendindene the point
that an orbit intersects the equator when crodsorg the Southern to the Northern hemisphere.

Longitude of the Ground track Equatorial Crossing (GEC, A, 2 SOPS GLAN):Equatorial angle from
the Prime Meridian (Greenwich) to the location awyrd track intersects the equator when crossing fro
the Southern to the Northern hemisphere. GEC ialeq@k when the argument of latitud®) is zero.
Mean Down Time (MDT): A measure of time required to restore functionradtey downing event.
Mean Time Between Downing Events (MTBDE):A measure of time between any downing events.

Mean Time Between Failures (MTBF):A measure of time between unscheduled downing svent

Mean Time to Restore (MTTR): A measure of time required to restore functionredteunscheduled
downing event.
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Navigation MessageData contained in each satellite's ranging signdl@nsisting of the ranging signal
time-of-transmission, the transmitting satelliw’'bital elements, an almanac containing abbreviatbdal
element information to support satellite selectimmging measurement correction information, aatlist
flags. The message structure is described in Se2th2 of the SPS Performance Standard.

Operational Satellite: A GPS satellite which is capable of, but is notassarily transmitting a usable
ranging signal.

PDOP Availability: Defined to be the percentage of time over any A4-hderval that the PDOP value is
less than or equal to its threshold for any poiithivw the service volume.

Positioning Accuracy: Defined to be the statistical difference, at a @&%bability, between position
measurements and a surveyed benchmark for any\pitivit the service volume over any 24-hour intérva

* Horizontal Positioning Accuracy: Defined to be the statistical difference, at a 9Q5#bability,
between horizontal position measurements and a&gedvbenchmark for any point within the
service volume over any 24-hour interval.

* Vertical Positioning Accuracy: Defined to be the statistical difference, at a 9x%bability,
between vertical position measurements and a sedviegnchmark for any point within the service
volume over any 24-hour interval.

Position Solution: An estimate of a user’s location derived from raggsignal measurements and
navigation data from GPS.

Position Solution Geometry:The set of direction cosines that define the insta@ous relationship of each
satellite's ranging signal vector to each of thsitmmn solution coordinate axes.

Pseudo Random Noise (PRN)A binary sequence that appears to be random oseecified time interval
unless the shift register configuration and initiahditions for generating the sequence are kn&anh
satellite generates a unique PRN sequence thiéieéddieely uncorrelated (orthogonal) to any other
satellite’s code over the integration time constdrd receiver’s code tracking loop.

Representative SPS Receiveithe minimum signal reception and processing assomgpemployed by

the U.S. Government to characterize SPS performargecordance with performance standards defined i
Section 3 of the SPS Performance Standard. RepatiserSPS receiver capability assumptions are
identified in Section 2.2 of the SPS Performan@n&ard.

Right Ascension of Ascending Node (RAAN)Equatorial angle from the celestial principal difec to
the ascending node.

Root Mean Square (RMS) SIS UREA statistic that represents instantaneous SIS U&Bpnance in an
RMS sense over some sample interval. The statiatide for an individual satellite or for the emtir
constellation. The sample interval for URE assessmsged in the SPS Performance Standard is 24 .hours

Selective Availability: Protection technique formerly employed to deny $yitem accuracy to
unauthorized users. SA was discontinued effectiidmnight May 1, 2000.

Service Availability: Defined to be the percentage of time over any 24-hderval that the predicted 95%
positioning error is less than its threshold foy given point within the service volume.

* Horizontal Service Availability: Defined to be the percentage of time over any 24-hderval
that the predicted 95% horizontal error is less titmthreshold for any point within the service
volume.

* Vertical Service Availability: Defined to be the percentage of time over any 24-hderval
that the predicted 95% vertical error is less titgthreshold for any point within the service
volume.
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Service Degradation:A condition over a time interval during which onensore SPS performance
standards are not supported.

Service Failure: A condition over a time interval during which a hilbp GPS satellite’s ranging signal
exceeds the Not-to-Exceed (NTE) SPS SIS URE toteran

Service Reliability: The percentage of time over a specified time irktivat the instantaneous SIS SPS
URE is maintained within a specified reliabilityréishold at any given point within the service vodyrior
all healthy GPS satellites.

Service Volume:The spatial volume supported by SPS performancelatds. Specifically, the SPS
Performance Standard supports the terrestrialcgemgdlume. The terrestrial service volume coversfr
the surface of the Earth up to an altitude of 3 Kiineters.

SPS Performance EnvelopeThe range of nominal variation in specified aspe€tSPS performance.

SPS Performance StandardA quantifiable minimum level for a specified aspetGPS SPS
performance. SPS performance standards are défirgettion 3.0.

SPS Ranging SignalAn electromagnetic signal originating from an opieraal satellite. The SPS ranging
signal consists of a Pseudo Random Noise (PRN)cGd&, a timing reference and sufficient data to
support the position solution generation procesgegcription of the GPS SPS signal is providedectiSn
2. The formal definition of the SPS ranging sigisgbrovided in ICDGPS-200C.

SPS Ranging Signal Measurementithe difference between the ranging signal timesoéption (as
determined by the receiver's clock) and the timeasfsmission derived from the navigation signal (a
defined by the satellite's clock) multiplied by th@eed of light. Also known as thseudo range

SPS SIS User Range Error (URE) Statistic:
« A satellite SPS SIS URE statistic is defined ¢atthe Root Mean Square (RMS) difference
between SPS ranging signal measurements (negletérgclock bias and errors due to
propagation environment and receiver), and “tragiges between the satellite and an SPS user at
any point within the service volume over a speditiene interval.
* A constellation SPS SIS URE statistic is defitethe the average of all satellite SPS SIS URE
statistics over a specified time interval.

Time Transfer Accuracy Relative to UTC (USNO):The difference at a 95% probability between user
UTC time estimates and UTC (USNO) at any point iwithe service volume over any 24-hour interval.

Transient Behavior: Short-term behavior not consistent with steadyestapectations.

Usable SPS Ranging SignalAn SPS ranging signal that can be received, predessd used in a position
solution by a receiver with representative SPSivec&apabilities.

User Navigation Error (UNE): Given a sufficiently stationary and ergodic satelionstellation ranging
error behavior over a minimum sample interval, iplittation of the DOP and a constellation ranginge
standard deviation value will yield an approximatif the RMS position error. This RMS approximatisn
known as the UNE (UHNE for horizontal, UVNE for tieal, and so on). The user is cautioned that any
divergence away from the stationary and ergodiagrapions will cause the UNE to diverge from a RMS
value based on actual measurements.

User Range Accuracy (URA)A conservative representation of each satellitefseeted (16)

SIS URE performance (excluding residual group ddbaged on historical data. A URA value is provided
that is representative over the curve fit intenfathe navigation data from which the URA is re@tle

URA is a coarse representation of the URE statistibat it is quantized to levels represented in
ICDGPS200C.
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