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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 #69, includes data collectednfi. January through 31 March 2010. The next qdgrt
report will be issued July 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$9.965%0r better.

NANU summary and evaluation was achieved by revigwhe “Notice: Advisory to Navstar Users”
(NANU) reports issued between 1 January and 31 M2@€d.0. 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 nineteen outages were regdriehe NANU's this quarter. Eighteen outagesewner
scheduled while one was an unscheduled outage.

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, whichesds
the SPS “average location” value of 99% and thersivoase location” value of 90%.

Calculating the 24-hour 95% horizontal and vertfwagition error values verified the accuracy stadsla
The User Range Error and Service Reliability stasslavere 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 achied&dd
reliability, meeting the SPS specification. Theximaum range error recorded was 17.342 meters on
Satellite PRN 32. 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 2.329 recorded on satellite 10. The SPS spatifin states that RMS URE cannot exceed 6 meters i
any 24-hour interval.

Geomagnetic storms had little to no effect on GBogpmance 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 5.48 metelaspalomas and 5.35 meters at Bishkek,
respectively.

From the analysis performed on data collected batvieJanuary and 31 March 2010, 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& kg 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 GlESte.augmentation systems within the NAS, itriscal
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 Bisigj
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 entisy
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 yeathis
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 accyprrdgrmance 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
PDOP Availability Conditions and Constraints Evaluated in
Standard 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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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 withive service volume.

Dilution of Precision (DOP): The magnifying effect on GPS position error indlibg mapping
GPS ranging errors into position within the spesificoordinate 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 alhtee coordinates, and TDOP for time. .

PDOP Availability Standard Conditions and Constraints
> 98% global Position Dilution of « Defined for position solution meeting the repreative user
Precision (PDOP) of 6 or less conditions and operating within the service volummer 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 ssge (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 grithigan
the coverage area. Table 2-1 provides the globabaes and worst-case availability over a 24-heuog

for each week. Table 2-1 also gives the globa@®@PPDOP value for each of the thirteen GPS Weeks.
The PDOP was 4.281 or better 99.9% of the time&mwh of the 24-hour intervals.

Figure 2-1 is a contour plot of PDOP values overahtire globe. Inside each contour area, the PDOP
value is greater than or equal to the contour vahavn in the legend for that color line. Thatatesalue
is also less than the next higher contour valuksssranother contour line lies within the curreneiga A
single “DOP hole” where the PDOP value is grediant6 was evaluated for satellite visibility foreo4-
hour interval from the week shaded in Table 2-he histogram in figure 2-2 shows the satellitebiity

at the DOP hole position for the 24 hour intervadjuestion.

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

April 32010

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

3 — 9 January 3.1365 99.998 98.958
10 — 16 January 3.1209 99.998 99.028
17 — 23 January 3.0989 99.998 99.028
24 — 30 January 3.0646 99.998 99.097
31 Jan — 6 February| 3.0372 99.999 99.167
7 — 13 February 3.0614 99.999 99.236
14 — 20 February 4.2814 99.965 97.153
21 — 27 February 3.1010 99.999 99.444
28 Feb — 6 March 3.1429 99.998 99.375
7 — 13 March 3.2005 99.996 98.958
14 — 20 March 3.3018 99.994 98.819
21 — 27 March 3.2956 99.993 98.681
28 March — 3 April 3.2667 99.992 98.750

Median 99.99% PDOP =3.1¢
Y Maxi

m PDOP =82

cale ig itiom Dil
(WJH FAA TEEh

=150 =100

W.lH. Faa Technical Center
WAAS Test Team
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Figure 2-2 Satellite Visibility Profile for Morst-Casze Point {Lat: 5, Lon: =15}
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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 periodahuary through 31 March 2010, there were a tdtal
fifteen reported outages. Twelve of these outaggre maintenance activities and were reported viarck
while three were unscheduled outages. A compigiad of 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 Total
Unscheduled Scheduled
2010004 24 FCSTSUMM | 13-Jan 16:52 14-Jan 00:36 7.733 7.733
2010007 29 FCSTSUMM | 14-Jan 18:37 15-Jan 00:53 6.267 6.267
2010008 30 FCSTSUMM | 19-Jan 14:55 19-Jan 21:50 6.917 6.917
2010012 4 FCSTSUMM | 26-Jan 14:12 27-Jan 00:13 10.017 10.017
2010013 7 FCSTSUMM | 28-Jan 06:16 28-Jan 10:00 3.733 3.733
2010017 17 FCSTSUMM | 02-Feb 10:26 02-Feb 16:56 6.500 6.500
2010020 21 FCSTSUMM | 04-Feb 18:37 04-Feb 22:17 3.667 3.667
2010023 26 FCSTSUMM | 08-Feb 20:46 09-Feb 05:28 8.700 8.700
2010025 31 FCSTSUMM | 10-Feb 16:06 10-Feb 18:50 2.733 2.733
2010030 2 FCSTSUMM | 16-Feb 14:38 16-Feb 18:10 3.533 3.533
2010033 20 UNUSABLE | 15-Feb 08:06 19-Feb 21:46 109.667 109.667
2010036 6 FCSTSUMM | 22-Feb 17:43 22-Feb 22:40 4.950 4.950
2010038 30 FCSTSUMM | 22-Feb 20:51 24-Feb 16:53 44.033 44.033
2010043 27 FCSTSUMM | 02-Mar 05:18 02-Mar 07:52 2.567 2.567
2010044 15 FCSTSUMM | 03-Mar 08:05 03-Mar 11:40 3.583 3.583
2010047 32 FCSTSUMM | 16-Mar 20:17 17-Mar 04:00 7.717 7.717
2010056 12 FCSTSUMM | 30-Mar 05:49 30-Mar 09:50 4.017 4.017
2010057 22 FCSTSUMM | 31-Mar 13:00 31-Mar 17:44 4.733 4.733
2010058 22 FCSTSUMM | 31-Mar 13:46 31-Mar 17:44 3.967 3.967
Total Actual Unscheduled and Scheduled Downtime and Total Actual Downtime 109.67 135.37 245.03
Table 3-2 NANUs Forecasted to Affect Satellite Ava ilability
NANU # PRN Type Start Date| Start Time End Date End Time Total Comments
2010001 29 FCSTDV 14-Jan 18:30 15-Jan 06:30 12 See Nanu 2010007
2010003 24 FCSTDV 13-Jan 16:30 14-Jan 16:30 24 See Nanu 2010004
2010006 30 FCSTDV 19-Jan 14:45 20-Jan 02:45 12 See Nanu 2010008
2010009 4 FCSTMX 26-Jan 14:00 27-Jan 02:00 12 See Nanu 2010012
2010010 7 FCSTMX 28-Jan 05:30 28-Jan 17:30 12 See Nanu 2010013
2010014 17 FCSTDV 02-Feb 10:15 02-Feb 22:15 12 See Nanu 2010017
2010015 21 FCSTMX 04-Feb 18:00 05-Feb 06:00 12 See Nanu 2010020
2010019 26 FCSTDV 08-Feb 20:30 09-Feb 20:30 24 See Nanu 2010023
2010021 31 FCSTMX 10-Feb 16:00 11-Feb 04:00 12 See Nanu 2010025
2010027 2 FCSTMX 16-Feb 14:00 17-Feb 02:00 12 See Nanu 2010030
2010028 23 FCSTMX 18-Feb 21:00 19-Feb 09:00 12 CANC
2010029 20 UNUSUFN | 15-Feb 08:06 N/A N/A N/A See Nanu 2010033
2010032 6 FCSTMX 22-Feb 14:00 23-Feb 02:00 12 See Nanu 2010036
2010034 16 FCSTMX 24-Feb 17:30 25-Feb 05:30 12 CANC
2010035 30 UNUSUFN | 22-Feb 20:51 N/A N/A N/A See Nanu 2010038
2010039 27 FCSTMX 02-Mar 05:00 02-Mar 17:00 12 See Nanu 2010043
2010040 15 FCSTMX 03-Mar 08:00 03-Mar 20:00 12 See Nanu 2010044
2010046 32 FCSTDV 16-Mar 20:00 17-Mar 08:00 12 See Nanu 2010047|
2010048 22 FCSTMX 25-Mar 13:00 26-Mar 01:00 12 See Nanu 2010057
2010048 22 FCSTMX 25-Mar 13:00 26-Mar 01:00 12 CANC
2010049 12 FCSTMX 30-Mar 05:00 30-Mar 17:00 12 See Nanu 2010056
2010050 9 FCSTDV 23-Mar 23:30 24-Mar 11:30 12 See Nanu 2010051
2010051 9 FCSTEXTD | 23-Mar 23:30 N/A N/A N/A See Nanu 0
2010053 22 FCSTMX 31-Mar 13:00 01-Apr 01:00 12 See Nanu 2010058
2010054 19 FCSTMX 02-Apr 18:00 03-Apr 06:00 12 See Nanu 2010061
Total Forecast Downtime 288.00
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Table 3-3 NANUs Canceled

NANU# PRN Type Start Date Start Time Comments

2010031 23 FCSTCANC | 18-Feb 17:00 See Nanu 2010028
2010037 16 FCSTCANC | 24-Feb 17:30 See Nanu 2010034
2010052 22 FCSTCANC | 25-Mar 13:00 See Nanu 2010048

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

Table 3-4 GPS Block Il/IIA Satellite RMA Data

Satellite Reliability/Maintainability/Availability (RMA) Parameter 1-Jan-10 1-Oct-99
31-Mar-10 31-Mar-10
Total Forecast Downtime (hrs): 288.00 7627.55
Total Actual Downtime (hrs): 245.03 26076.92
Total Actual Scheduled Downtime (hrs): 135.37 3927.35
Total Actual Unscheduled Downtime (hrs): 109.67 22149.57
Total Satellite Observed MTTR (hrs): 12.90 43.39
Scheduled Satellite Observed MTTR (hrs): 7.52 8.91
Unscheduled Satellite Observed MTTR (hrs): 109.67 138.43
# Total Satellite Outages: 19 601
# Scheduled Satellite Outages: 18 441
# Unscheduled Satellite Outages: 1 160
Percent Operational -- Scheduled Downtime: 99.798 99.827
Percent Operational -- All Downtime: 99.989 98.850

General NANU's

2010002: 2SOPS installed new ground software on 11 Jan 2010.

2010005: Outage times for SVN24 (PRN24) were from J013/1652z to J014/0200z.

2010011: GPS Master Control Station requests that operational military and civil users provide any impacts encountered
that are believed to be related to the new software or started after the 11 January 2010 install.

2010016: The GPS Master Control Station (MCS) is completing a minor software upgrade on 3 Feb 10.

2010018: CANCEL GENERAL NANU 2010016 IMMEDIATELY

2010022: Attention military users with SAASM receivers. For information about an anomaly on a limited number of these
receivers, please go to http://gpsoc.afspc.af.smil.mil

2010024: ON APPROXIMATELY 11 FEB 10 SVN35 WILL RESUME TRANSMITTING L-BAND UTILIZING PRN25. AT L-
BAND ACTIVATION, SVN35/PRN25 WILL BE UNUSABLE UNTIL FURTHER NOTICE.

2010026: Correction to NANU 2010025. Outage times for SVN52 (PRN31) were from J041/1606z to J041/1950z.
2010041: The 2nd Space Operations Squadron will be installing a ground software upgrade on 5 March 2010

2010042: On 01 MAR 2010, SVN35 discontinued transmitting L-Band. PRN25 is available for future satellite service.
2010045: The 2nd Space Operations Squadron will be installing a ground software upgrade on 5 March 2010

2010055: SVN25 has been placed into its final orbit for permanent disposal following its decommissioning. The satellite
will no longer contribute to GPS operations.
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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: ff * Based on using only satellites transmitting stachdade 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 January and 31 March 2010.
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Table 3-5 Accuracies Exceeding Threshold Statiss

April 32010

Site Total Number of Secondq Instances of 24-hour| Quarters Service
of SPS Monitoring Threshold Failures Availability %
Albuguerque 7741481 0 100%
Anchorage 7515404 0 100%
Atlanta 7773414 0 100%
Barrow 7771213 0 100%
Bethel 7467174 0 100%
Billings 7759172 0 100%
Boston 7550430 0 100%
Cleveland 7392721 0 100%
Cold Bay 7687800 0 100%
Fairbanks 7621719 0 100%
Gander 7772443 0 100%
Honolulu 7611409 0 100%
Houston 7646055 0 100%
Iqaluit 7657157 0 100%
Juneau 7645301 0 100%
Kansas City 7560486 0 100%
Kotzebue 7774729 0 100%
Los Angeles 7572593 0 100%
Merida 7771413 0 100%
Miami 7564865 0 100%
Minneapolis 7555296 0 100%
Oakland 6813611 0 100%
Salt Lake City 7545103 0 100%
San Jose Del Cabo 7688370 0 100%
San Juan 7373641 0 100%
Seattle 7774771 0 100%
Tapachula 7728174 0 100%
Washington, DC 7602154 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 timematehat the instantaneous
SIS SPS URE is maintained within a specified rdltglthreshold at any given point within the
service volume, for all healthy GPS satellites.

Service Reliability Standard

Conditions and Constraints

> 99.94% global average

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

> 99.79% single point average

30-meter Not-to-Exceed (NTE) SPS SIS URE.
Standard based on a measurement interval of are ye
average of daily values from the worst-case poittiwthe
service volume.

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

Table 4-1 shows a comparison to the service rdiliastandard for range data collected at a sesbof
receivers across North America. Although the dfmdion calls for yearly evaluations, we will be
evaluating this SPS requirement at quarterly iratkstv Additional range analysis results can be doan

table 5-2 on page 21. The maximum User Range Eeomrded this quarter was 17.342 meters on gatelli

PRN 32.

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 Jan — 31 Mar 2010 Boston 57,386,296 0 100%
1 Jan — 31 Mar 2010 Honolulu 60,432,836 0 100%
1 Jan - 31 Mar 2010 Los Angeles 59,031,905 0 100%
1 Jan — 31 Mar 2010 Miami 59,339,364 0 100%
1 Jan — 31 Mar 2010 San Juan 61,028,227 0 100%
1 Jan - 31 Mar 2010 Juneau 62,057,442 0 100%
1 Jan — 31 Mar 2010 Global 359,276,070 0 100%
Report 69 16
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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 serviolume 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

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

Horizontal Error (SIS only) » Standard based on a measurement interval of @ fior
o < 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 errc | 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 January through 31 March 201Beat
selected WAAS locations.

Table 5-1 provides the 95% and 99.99% horizontdhaatical 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)
Albuguerque 1.998 3.769 9.475 12.248
Anchorage 1.724 4.513 4.032 8.789
Atlanta 2.376 4,171 11.112 13.724
Barrow 1.516 4,679 3.450 10.972
Bethel 1.741 4572 3.970 9.017
Billings 2.098 3.626 11.780 14.588
Boston 2.504 3.661 10.230 8.391
Cleveland 2.350 3.761 11.781 8.374
Cold Bay 2.046 4.666 5.029 8.945
Fairbanks 1.595 4.633 3.741 10.117
Gander 2.450 3.574 9.620 10.159
Honolulu 4,339 4,868 7.011 14.173
Houston 2.129 4.151 9.310 10.007
Igaluit 1.804 3.670 7.285 16.700
Juneau 1.798 4.177 5.449 8.743
Kansas City 2.328 3.809 12.217 10.041
Kotzebue 1.614 4,580 3.709 10.289
Los Angeles 1.942 4,215 8.199 8.915
Merida 2.538 4,437 8.681 19.787
Miami 2.299 4,561 9.002 18.457
Minneapolis 2.307 3.657 11.306 7.271
Oakland 2.024 4.309 7.138 8.728
Salt Lake City 2.074 3.770 9.162 8.806
San Jose Del Cabo 2.321 4.286 8.385 10.491
San Juan 2.614 4,736 9.595 19.526
Seattle 2.124 3.798 5.917 9.322
Tapachula 3.552 5.356 9.925 16.723
Washington, DC 2.522 3.826 11.458 9.635

Figures 5-1 and 5-2 are the combined histograntiseofertical and horizontal errors for all twentgre
WAAS sites from 1 January to 31 March 2010.
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Figure 5-1 Global Vertical Error Histogram
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Figure 5-2 Global Horizontal Error Histogram
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5.2 Time Transfer Accuracy

The GPS time error data between 1 January and 3¢i\2810 was down loaded from USNO Internet site.
The USNO data file contains the time differenceneein the USNO master clock and GPS system time for
each GPS satellites during the time period. O®00d0 samples of GPS time error are containeden th
USNO data file. In order to evaluate the GPS tiraedfer error, the data file was used to creatstadgram
(Fig 5-3) to represent the distribution of GPS tieneor. The histogram was created by taking thelates
value of time difference between the USNO masteckchnd GPS system time, then creating data bitls wi
one nanosecond precision. The number of samplkegcin bin was then plotted to form the histografign
5-3. The mean, standard deviation, and 95% indexvéthin 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 data wollected between 1 January and 31 March 2010.

A weighted average filter was used for the caléoihabf 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 1o 95% Range Max Range Error Samples
Error (<_6 m) Mean Error (SPS Spec. 80 m)
2 1.630 0.894 1.199 2.943 13.142 12851612
3 1.707 0.568 1.283 3.080 9.531 11229394
4 1.466 0.553 1.164 2.763 11.358 12592675
5 1.475 -0.252 1.247 2.744 10.609 12655174
6 1.589 0.578 1.189 2.830 12.310 11469412
7 1.450 0.632 1.082 2.659 11.438 10816673
8 1.910 1.082 1.328 3.441 11.282 11622067
9 1.967 0.856 1.433 3.448 9.992 10826153
10 2.329 1.524 1.436 3.938 11.895 11668666
11 1.842 1.079 1.265 3.226 12.097 11190517
12 1.497 0.667 1.186 2.771 13.398 13159947
13 1.435 0.614 1.094 2.642 10.009 12477831
14 1.701 0.783 1.241 3.187 12.801 13123430
15 1.377 0.135 1.099 2.524 11.129 11498936
16 1.652 1.084 1.107 2.922 8.452 11770379
17 1.410 0.534 1.168 2.783 14.256 12685845
18 1.734 0.844 1.270 3.078 15.113 12071246
19 1.855 1.261 1.133 3.241 11.968 11387076
20 1.946 1.213 1.313 3.559 12.472 12138860
21 1.804 0.953 1.319 3.109 10.325 11122770
22 1.910 0.797 1.298 3.352 15.345 11479366
23 1.721 0.911 1.210 3.088 11.188 11648786
24 2.202 1.094 1.385 3.716 14.525 11124539
26 1.596 0.423 1.263 3.004 11.763 12624912
27 2.127 1.172 1.518 3.758 10.760 12422392
28 1.954 1.381 1.222 3.415 11.496 11463555
29 1.515 0.233 1.168 2.737 13.212 12227546
30 1.797 0.526 1.381 3.367 15.512 12146705
31 1.544 0.457 1.272 2.973 12.647 12939627
32 1.901 1.048 1.249 3.390 17.342 12839979
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Table 5-3 Range Rate Error Statistics_ (millineters/second)

PRN Range Rate 95% Range | Max Range Rate Error Samples
Error RMS Rate Error
(mm/s) (mm/s) (mm/s)
2 1.424 2.675 152.61 12851612
3 1.968 2.980 176.86 11229394
4 1.420 2.590 138.88 12592675
5 1.553 2.814 183.49 12655174
6 1.504 2.621 228.65 11469412
7 1.444 2.672 119.22 10816673
8 1.842 3.084 192.08 11622067
9 1.819 2.880 214.46 10826153
10 1.876 2.961 191.25 11668666
11 1.558 2.781 141.85 11190517
12 1.506 2.858 149.36 13159947
13 1.512 2.827 169.03 12477831
14 1.586 2.813 200.52 13123430
15 1.461 2.719 177.37 11498936
16 1.470 2.788 165.31 11770379
17 1.601 2.774 138.17 12685845
18 1.555 2.822 198.21 12071246
19 1.461 2.738 144.05 11387076
20 1.482 2.842 144.67 12138860
21 1.555 2.878 172.45 11122770
22 1.671 2.940 178.49 11479366
23 1.420 2.714 149.12 11648786
24 1.740 2.820 154.19 11124539
26 1.547 2.736 172.15 12624912
27 2.036 2.867 200.54 12422392
28 1.604 2.677 194.62 11463555
29 1.556 2.732 213.65 12227546
30 1.874 3.016 239.75 12146705
31 1.600 2.880 192.35 12939627
32 1.438 2.667 297.17 12839979

April 32010
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Table 5-4 Range Acceleration Error Statistics_(micometers/second)

PRN Range 95% Range Max Range Samples
Acceleration Acceleration Error Acceleration Error
Error RMS
(um/s) (pm/s) (pm/s)

2 14.243 26.753 1526 12851612
3 19.681 29.804 1769 11229394
4 14.198 25.896 1389 12592675
5 15.532 28.136 1835 12655174
6 15.044 26.206 2287 11469412

7 14.437 26.716 1192 10816673
8 18.417 30.838 1921 11622067
9 18.188 28.805 2145 10826153
10 18.759 29.610 1913 11668666
11 15.584 27.811 1419 11190517
12 15.064 28.580 1494 13159947
13 15.116 28.272 1690 12477831
14 15.865 28.129 2005 13123430
15 14.605 27.188 1774 11498936
16 14.700 27.877 1653 11770379
17 16.012 27.738 1382 12685845
18 15.551 28.216 1982 12071246
19 14.609 27.380 1441 11387076
20 14.824 28.419 1447 12138860
21 15.550 28.781 1725 11122770
22 16.707 29.405 1785 11479366
23 14.202 27.140 1491 11648786
24 17.402 28.203 1542 11124539
26 15.471 27.361 1722 12624912
27 20.362 28.669 2005 12422392
28 16.039 26.767 1946 11463555
29 15.557 27.318 2137 12227546
30 18.741 30.161 2398 12146705
31 16.003 28.805 1924 12939627
32 14.383 26.666 2972 12839979

April 32010

Figures 5-4, 5-5 and 5-6 are graphical represemzif the distributions of the maximum range error
range rate error and range acceleration errorifeatellites. The highest maximum range erromoied
on satellite 32 with an error of 17.34%ters. Satellite 16 had the lowest maximum raamge of 8.452

meters.
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Figure 5-4 Distribution of Daily Max Range Errors

Daily Hax Range Error Histogran, All Sites: 1 January - 31 Harch 2818
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Figure 5-5: Distribution of Daily Max Range Rate Erors
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Figure 5-6: Distribution of Daily Max Acceleration Rate Errors

Daily Hax Range Rate Accel. Error Histogram, All Sites: 1 January - 31 Harch 2818
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Figure 5-7: Range Error Histogram
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Figure 5-8: Maximum Range Error Per Satellite

20.000
18.000

16.

6.000
14.000
12.000 -

0.000

(s119|N) 10413 BbURY WNWIXe

Satellite PRN Number
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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 arailatility 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-engaglycles can ‘excite’ (by collisions) valence
electrons that are bound to the neutral atom. Theited’ electron can then ‘de-excite’ and return
back to its initial, lower energy state, but in fi@cess it releases a photon (a light particleheT
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. Thsib idea, however, is that the Earth’'s magnegddfi

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

An instrument called a magnetometer may also meaher disturbance of the geomagnetic field. At
NOAA's operations center magnetometer data is veckfrom dozens of observatories in one-minute
intervals. The data is received at or near to ‘réiahe’ and allows NOAA to keep track of the current
state of the geomagnetic conditions. In order wue the amount of data NOAA converts the
magnetometer data into three-hourly indices, whyke a quantitative, but less detailed measure of
the level of geomagnetic activity. The K-indeXestas a range from 0 to 9 and is directly related
the maximum amount of fluctuation (relative to &tjday) in the geomagnetic field over a three-hour
interval.

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

Another item of interest is that the location c# turora usually changes geomagnetic latitude as th
intensity of the geomagnetic storm changes. Thetiloe 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 thiieee periods with significant solar activity. Atihgh
there were other days with increased solar actitligse time periods were selected as examplee (S
Appendix B for the actual geomagnetic data for thajorting period.)
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Figure 6-1 K-Index for 19-21 January 2010
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Figure 6-2 K-Index for 14-16 February 2010
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Figure 6-3 K-Index for 1-3 February 2010
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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 20 January 2010

Site 95% 95% Maximum Maximum
Horizontal Vertical Horizontal Vertical
(Meters) (Meters) (Meters) (Meters)
Albuquerque 2.16 3.58 2.75 5.41
Anchorage 1.48 4.27 2.13 7.16
Atlanta 2.32 3.68 2.67 5.70
Barrow 1.43 4.78 2.07 7.92
Bethel 1.68 4.18 2.08 7.06
Billings 2.18 3.44 3.23 4.63
Boston 2.67 3.38 3.60 5.22
Cleveland 2.40 3.64 3.37 5.20
Cold Bay 2.12 4.36 2.52 6.59
Fairbanks 1.24 4.74 1.69 8.02
Gander 2.44 3.36 3.48 4.42
Honolulu 4.34 6.30 5.40 8.28
Houston 2.19 3.83 2.64 5.63
Igaluit 1.79 3.20 2.05 4.33
Juneau 1.62 4.37 2.67 6.11
Kansas City 2.39 3.55 2.82 5.33
Kotzebue 1.26 4.24 1.68 8.14
Los Angeles 2.13 3.85 2.92 5.96
Merida 2.36 4.34 2.84 9.01
Miami 2.05 4.08 2.43 5.28
Minneapolis 2.50 4.05 3.31 5.21
Oakland 2.29 4.26 3.14 6.75
Salt Lake City 2.13 3.53 2.48 5.14
San Jose Del Cabo 1.89 3.87 2.41 5.04
San Juan 2.35 4.08 3.21 7.26
Seattle 2.61 4.50 3.26 5.86
Tapachula 2.71 4.75 3.09 8.68
Washington, DC 2.42 3.83 2.96 5.08
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7.0 IGS Analysis

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

High data rate (1 Hz) sites that had high avaiitgbih 2006, were outside of the WAAS service araad
provided a good geographic distribution have bedacted. To facilitate differentiating between GPS
accuracy issues and receiver tracking problemsawtomatic 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 procegsind are forced into the 50.1 meter histogramahbih are
believed to influence the outliers in the 99.99%tistics. MAS1 performance is an outlier that agppedo

be related to receiver glitches that cause compbsteof tracking for a short interval, see figird for an
example. SANT is experiencing a diurnal North/®certror during the later part of the quarter, sgerés

7-5 and 7-6 (green traces) for examples.

Table 7.1 and Figure 7-1 show the IGS site inforomaend locations. Table 7.2 shows the GPS SPS
Accuracy Performance observed at a selection ohHegite IGS sites. Figure 7-2 shows the 95%
horizontal accuracy trends at these sites. FigeBeshows the 95% vertical accuracy trends at thites.

A value of zero indicates no data.

(1) J.M. Dow, R.E. Neilan, G. Gendt, "The Interpal 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, Italy

NNOR | New Norcia, Australia
POL2 Bishkek, Kyrghyzstan
SANT | Santiago, Chile
SUTM | Sutherland, South Africa
TIDB Tidbinbilla, Australia
USUD | Usuda, Japan
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Figure 7-1 Selected IGS Site Locations

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

Latitude

| | | | | |
150 00 50 0 50 100 150
Longituds

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

Report 69

site 95% 95% 99.99% 99.99% | Percent

Horizontal | Vertical | Horizontal | Vertical | Data

Error (m) | Error (m) | Error (m) | Error (m) | Available
GLPS 2.82 4,59 5.83 10.94 91.35%
GUAM 2.15 4.73 5.19 18.6 99.19%
IISC 2.14 4.69 4,54 11.57 93.71%
KIRU 1.77 451 4.41 10.23 99.99%
KOUR 2.85 4.49 6.07 12.37 99.97%
MADR 2.15 4.36 8.57 10.04 99.33%
MAL2 2.38 4.6 9.71 19.26 98.819
MAS1 5.48 4,55 9.79 21.09 99.95%
MATE 2.23 4.54 5.76 9.71 92.00%
MOBN 2.56 4.62 7.55 12.14 100.00%
NNOR 2.11 4.61 4.96 15.44 100.00%%
NRIL 1.77 4.23 4.62 12.02 95.81%
PETS 2.47 5.03 6.3 13.41 99.47%
POL2 2.44 5.35 19.17 30.82 73.75%
SANT 4,22 4.88 10.35 10.24 99.93%
SUTM 1.93 3.68 5.01 8.4 98.88%
TIDB 2.06 3.66 4.97 12.74 99.89%
USuD 2.46 5.12 7.42 10.7 99.90%
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Figure 7-2 GPS SPS 95% Horizontal Accuracy TrendstéSelected IGS Sites

1/1/10 to 3/31/10 95% Horizontal Accuracy Trends

Julian Day of 2010
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95% Horizontal Accuracy

Figure 7-3 GPS SPS 95% Vertical Accuracy Trends &Belected IGS Sites

1/1/10 to 3/31/10 95% Vertical Accuracy Trends

Julian Day of 2010
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—— TIDB V95

— MAL2 V95
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Figure 7-4 Example of Receiver Glitches at MAS1
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Figure 7-5 Example 1 of Receiver Performance at SAN

SPS Mode East North Up Position Error (RGE is ENU) IGS,SANT, 3/19/10

error {m)
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Figure 7-6 Example 2 of Receiver Performance at SAN

SPS Mode East North Up Position Error (RGE is ENU) IGS,SANT, 3/27/10
T T T
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Appendix A Performance Summary

Conditions and Constraints

PDOP Availabhility 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

> 99.965%

> 97.153%

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 are
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

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- 2.240 m
averaged over all points within the service volume. | View horizontal error (SIS
only)
* < 22 meters 95% 4.208 m
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- 4339 m
for any point within the service volume. View Horiz Error (SIS only)
» <77 meters 95% All-in- 5.356 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)

11 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

2.329 meters
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Geomagnetic Data

Appendix B
Space Weat her Prediction Center

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

NOAA

of Commerce,
Current Quarter Daily Geomagnetic Data

GPS SPS Performance Analysis Report
# Prepared by the U S. Dept.
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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, thi kas 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 betomaa 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 NeticGatellite Test Bed (NSTB) and Wide Area
Augmentation System (WAAS) reference station laoai 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 desineaimiles 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 thsitmn 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 thiéieddieely 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 aspeétSPS 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 t@eed of light. Also known as tpseudo range

SPS SIS User Range Error (URE) Statistic:
* A satellite SPS SIS URE statistic is defined ¢atte Root Mean Square (RMS) difference
between SPS ranging signal measurements (negleterglock 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 inithe 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 SPSiveceapabilities.

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 satellitefzeeted (106)

SIS URE performance (excluding residual group ddb@ged on historical data. A URA value is provided
that is representative over the curve fit intefathe navigation data from which the URA is re@le

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