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Motivation Objective and methodology
e Basic principle of GPS: e Objective: Screen out all potential SIS anomalies in the last decade (6/1/2000—-8/31/2010)
Broadcast navigation messages = Real-time satellite positions & clocks | _, o vion i e Methodology: Compare broadcast ephemerides & clocks with precise ones [2, 3]
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e GPS Signal-in-space (SIS) performance is key to positioning accuracy and integrity. Data Collection
e However, broadcast navigation messages 60 : | | | . Broadcast navigation message data Precise ephemeris & clock data
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Data sources Data cleansing Anomaly determination
e International GNSS Service (IGS) Processing steps: e Propagate broadcast satellite positions & clocks at 15-minute
' 1. Recover LSB
— 350+ volunteer stations K — 5 Correct URA values intervals that coincide with the precise ones
— Broadcast and precise ephemeris & clock data since 1994 ; PRN: 32 j Se:“’ved”p':ca“"lns e Compute the worst-case SIS range error (SISRE)
TTOM: 14:36:00 . Vote parameter values
_ 0 too: 16:00:00 5. Find correct TTOM error vector
0.34% broadcast data corrupted e ©0C. 233 correc
: e SV accuracy: 2
— 1.5% precise data bad or absent Eph trans. from14:00“A An: 4.22267589140E-09
toe: 16:00:00
— Precise data in Center of Mass only IODC: 233 K Receiver 2
SV accuracy: 0 PRN: 32
— Precise data synchronized to either GPS time (before An: 11822x27% (= TTOM: 14:00:00
4.2223187336661e-09) toe: 15:59:60
2/21/2004) or IGS time (after 2/22/2004) 10DC: 0
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e National Geospatial-Intelligence Agency (NGA) An: 4.2225189389290-09
— 124 committed stations K Receiver n ' E | e Criteria for a potential SIS anomaly:
PRN: 1 S
— Precise ephemeris & clock data since 2006 TTOM: 14:00:06 / e — Broadcast navigation message is healthy and within 4 hours
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— 0.009% precise data bad or absent ey ac'curacy: 54 1132”;55‘;‘630 — Precise ephemeris & clock are available
An: 4.222318733666D-09 .
— Precise data in Center of Mass and Antenna Phase Center . gf;ﬁ:cy_um — Worst-case SISRE > 4.42 x user range accuracy (URA)
— Precise data synchronized to either GPS time An: 4.22251875966616-09 upper bound (UB) [4]

e Data mining

e Diagram of potential SIS anomalies 6/1/2000-8/31/2010 e List of potential SIS anomalies 1/1/2004-8/31/2010
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