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Anomaly Detection of IGS Predicted Orbits for Near-Real-Time
Positioning Using GPS
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Abstract

IGS (International GNSS Service) predicted orbits contained in IGS ultra-rapid orbits is suitable for real-time
or near-real-time precise positioning. In this paper, we analyzed orbit anomalies of the IGS predicted orbits
and detected the anomalies NANU (Current Notice Advisories to NAVSTAR Users) messages and IGS BRDC
(Broadcast Ephemerides). As a results, the orbit anomalies of the predicted orbits were observed 93 times in
2010. In case of using the NANUSs, we could get detection performance of 88% about the IGS predicted orbits's
anomalies. And we could achieve 95% detection performance when the NANUs and BRDCs were used together.

Key words : GPS, Predicted Orbits, Orbit Anomaly, NANU, Broadcast Ephemerides
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GPS OPERATIONAL ADVISORY 001.
SUBJ: GPS STATUS 01 JAN 2011

1. SATELLITES, PLANES, AND CLOCKS (CS=CESIUM RB=RUBIDIUM):
A. BLOCK I : NONE

B. BLOCK I PRNS 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14

PLANE : SLOT B11, D1, C2, D4, E3, C5, A4, A3, Al, E6, D2, B4, F3,
F1

CLOCK : RB, RB, CS, RB, RB, RB, RB, CS, G5, G5, RB, RB, RB, RB
BLOCK II: PRNS 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28
PLANE : SLOT F2, Bl, (4, E4, C3, El, D3, E2, F4, D21, B2, F21, A6,
B3

CLOCK : RB, RB, RB, RB, RB, RB, RB, RB, RB, CS, RB, RB, CS, RB
BLOCK II: PRNS 29, 30, 31, 32

PLANE : SLOT (1, B21, A2, E5

CLOCK : RB, G5, RB, RB

2. CURRENT ADVISORIES AND FORECASTS :

A. FORECASTS: FOR SEVEN DAYS AFTER EVENT CONCLUDES.
NANU MSG DATE/TIME PRN TYPE SUMMARY (JDAY/ZULU TIME START - STOP)

2010152 152001Z DEC 2010 24 FCSTDV 362/2200-363/2200

2010153 152005Z DEC 2010 06 FCSTMX 006/1600-007/0400

2010156 231746Z DEC 2010 04 FCSTMX 004/1300-005/0100

2010157 2904427 DEC 2010 24 FCSTSUMM 362/2212-363 /0424

B. ADVISORIES:

NANU MSG DATE/TIME PRN TYPE SUMMARY (JDAY/ZULU TIME START - STOP)

C. GENERAL:
NANU MSG DATE/TIME PRN TYPE SUMMARY (JDAY/ZULU TIME START - STOP)

2009025 0614552 APR 2009 GENERAL /-/
2010144 271409Z NOV 2010 GENERAL '/-/

3. REMARKS:

A. THE POINT OF CONTACT FOR GPS MILITARY OPERATIONAL SUPPORT IS THE GPS
OPERATIONS CENTER AT (719)567-2541 OR DSN 560-2541.

B. CIVILIAN: FOR INFORMATION, CONTACT US COAST GUARD NAVCEN AT
COMMERCIAL (703)313-5900 24 HOURS DAILY AND INTERNET

HTTP:/ /WWW.NAVCEN.USCG.GOV

C. MILITARY SUPPORT WEBPAGES CAN BE FOUND AT THE FOLLOWING
HTTPS://GPS.AFSPC.AFMIL/GPS OR HTTP://GPS.AFSPC.AF.MIL/GPSOC

This is the GPS Status Message one-way mailing list.
Subscribe/Unsubscribe: http:/ /cgls.uscg.mil /mailman/listinfo/ gps

If you would like to report abuse of the CGLS listserv please send an email to: CGLSAdmin@uscg.mil

J8 1. 20113 18 1229l NANU HIAIX|
Fig. 1. NANU message on Jan. 1, 2011
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Forecast Outages

Forecast Delta-V gives scheduled outage times for Delta-V maneuvers. The satellite is moved during this maintenance and

FCSTDY the user may be required to download a new almanac.

FCSTMX Forecast Maintenance gives scheduled outage times for Ion Pump Operations or software tests.

FCSTEXTD Forecast Extension extends the scheduled outage time "Until Further Notice"; references the original NANU.

Forecast Summary gives the exact outage times for the scheduled outage including the FCSTEXTD; sent after the maintenance

FCSTSUMM is complete and the satellite is set healthy to users; references the original NANU.

FCSTCANC Forecast Cancellation cancels a scheduled outage; new maintenance time not yet determined; references the original NANU.

FCSTRESCD Forecast Rescheduled reschedules a scheduled outage; references the original NANU.

Unscheduled Outages

UNUSUEN Unusable Until Further Notice notifies users that a satellite will be Unusable to all users until further notice.

or UNUSABLE with a reference NANU closes out an UNUSUFN NANU and gives the exact outage times for the outage;

UNUSABLE references the UNUSUFN NANU.

UNUNOREF UNUSABLE with no reference NANU gives times for outages that were resolved before a UNUSUFN NANU could be sent.

Other

USABINIT Initially Usable notifies users that a satellite is set healthy for the first time.

LEAPSEC Leap Second is used to notify users of an impending Leap Second and all data after the subject line is free flowing text.

GENERAL informs the user of general GPS information and is written using free flowing text.

LAUNCH is used to notify users of a recent GPS launch.
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019 30 30 264 19 19
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033 17 17 17 266 20 20 20

034 17 267 20

039 26 270 5
040 26 26 271 5 5

075 32 273 30
076 32 32 274 30 30

082 9 287 11 11
099 2 2 2 288 11

127 9 9 9 9 320 27 27
131 13 13 321 27 27

132 13 13 13 323 31 31 31
134 22 22 22 344 32 32

169 25 348 32 32 32

210 16 16 351 4 4 4
211 16 16 352 4

215 26 26 356 25

216 26 26 357 25

236 14 14 14 362 24
238 3 3 363 24 24 24
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*FORECASTS: FOR SEVEM DAYS AFTER EVENT COMCLLUDES,
PRM START-END{ DO HHMA) TYPE

23 014/1830-015/ 0630  FCSTIY
24 013/1630-014/1630  FCSTIY
M MI3ARRA-014003R  FESTSIHMKH

J& 2. 20104 1€ 132 (DOY 013)29 NANU A X0 Al
2l GPS ¥4 OMIE HE
Fig. 2. Event messages of GPS satellites in the NANU
on Jan. 13, 2010 (DOY 013)
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#FORECASTS: FOR SEVEM DAYS AFTER EVENT COWCLUDES,
PRM START-EMD{DOY/HHMH} TYPE

23 014/1830-015/0630 FCSTDY
24 013/1630-014/1630 FCSTIY
24 013/1652-014/0036  FCSTSUNM
30 019/1445-020/0245  FCSTIY
23 014/1837-015/0053  FCSTSUMM
20 019/1485-019/2150  FCSTSUMM
04 026/1400-027/0200  FCSTHK
07 028/0530-028/1730 FCSTHX
04 026/1412-027/0013  FCSTSUMM
07 028/0616-028/1000  FCSTSUNM
17 033/1015-033/2215 FCSTIY
21 035/1800-036/0600 FCSTHX
17 033/1026-033/1656  FCSTSUMM

J8 4. 20104 22 32 (DOY 034)2] NANU MIA|X| o
A2l GPS ?/d O[HE F=
Fig. 4. Event messages of GPS satellites in the
NANU on Feb. 3, 2010 (DOY 034)
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Table 3. Anomaly detection of IGS predicted orbits
using BRDC—based predicted orbits.
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