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GNSS Simulation System

Global Navigation Satellite System

Data Flow in the Ground Control Segment
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GNSS Simulation System

It iIs necessary to set up a simulation system to drive and

test the Ground Control Segment.

GNSS Simulation System
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GNSS Simulation System
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GNSS Simulation System
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GNSS Simulation System

Test of Master Control Station (Data Mode)
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GNSS Simulation System

Test of Master Control Station and Receiver (Mixed Mode)
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GNSS Simulation System

complex , flexible and high fidelity

oriented to Master Control Station and Receiver test

support MCS real-time closed-loop test

further research work is continued

---- Integrity Anomaly Simulation



GNSS integrity anomaly simulation

e GNSS integrity anomalies is unreported anomalous

behaviors affecting user performance

e Although integrity anomalies are rare events,

they do occur.

e GNSS integrity anomaly simulation activity

» collecting integrity anomaly observations
» analyzing the causes and effects
» determining integrity anomaly models

» creating integrity anomaly database



GNSS integrity anomaly simulation

» Anne-Laure Vogel etc. Effect of a GPS Anomaly on Different GNSS Receivers.
ION GNSS 18th International Technical Meeting of the Satellite Division, 13-16
September 2005, Long Beach, CA
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GNSS integrity anomaly simulation

Ranging Emors
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e occurred on January 1, 2004
e starting at around 18h30 UTC

e declared unusable at 21h18 UTC
A failure of the atomic clock system (ramp)



GNSS integrity anomaly simulation
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Affected area shown in gray



GNSS integrity anomaly simulation

*Y.J. Heoetc. DETECTION OF GPS CLOCK JUMP USING TEAGER

ENERGY OPERATOR. 2010 Conference on Precision Electromagnetic

Measurements, June 13-18, 2010, Daejeon Convention Center, Daejeon, Korea
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On June 21, 2009, PRN30 had a drift of approximately 250 ns during

the day, a jump of approximately 9.8 ns occurred on MJD 54997.71.

A failure of the atomic clock system (jump)



GNSS integrity anomaly simulation

* Nathan Vary, GPS Satellite PRN18 Anomaly Affecting SPS Performance, WASS
Technical Report, William J. Hughes Technical Center, Pomona, New Jersey, 4/11/2007
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April 10, 2007 GPS satellite PRN18 suffered a maintenance anomaly.

range errors



GNSS integrity anomaly simulation

SPS 30 Position Error During PRN18 Anomaly: 10 April 2007
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The satellite was supposed to be set unhealthy before maintenance.
The satellite health bit was not set ‘unhealthy’ prior to the maintenance.

This resulted in severe range errors at all sites tracking the satellite
between 15:53 and 17:04 GMT when it was finally set to unhealthy.



GNSS integrity anomaly simulation

s NIELS JONKMAIU and KEES DE JONG. Integrity Monitoring of IGEX-98 Data—Part Il1:
Broadcast Navigation Message Validation. GPS Solutions, Vol. 4, No. 2, pp. 45-53 (2000)

Taste 3 |

Navigation messages of GLONASS slots 7 and 13, extracted from RINEX GLONASS navigation files.
The message of slot 7 shows an example of the accidental zeroing out of all sphemeris
parameters; the message of slot 13 shows an example of the zersing out of all clock
parameters. The satellite in slot 7 detects the probiem, and the health flag is raised (last
parameters on the second ling of the message, 1 = unhealthy). The health flag is not raised in
the message of slot 13.

Mavigation message slot 7, 3 December 1599, 7:15:00.0 UTC

7 9912 3 715 0.0 1950562000270D-04 —-.272848410532D-11 261 0000000000+05
0000000000000+00 A0000000000000+00 000000000000D400 :Z
D000000000000D+00 0000000000000 +00 L0000000000000+00 S000000000000+01

A000000000000+00 A00C000000000+00 Q00000000000+00 L000000000000D+00
Mavigation message slot 13, 19 July 1998, 3:45:00.0 UTC .

13 98 719 3 45 00 A000000000000+00 0000000000000+00 135000000000 D+05
A4374750488280+04 305475997925D+01 000000000000D+00 |

-.1116853662110+05 —-.3808826278680+00 B31322574615D-00 LB000000000000+01

2254733105470+05 —. 7816267013550+ 00 —.186264514923D-08 000000000000 D+00

Broadcast Navigation Message Error



GNSS integrity anomaly simulation

T 2 |

of the message format, the reader is referred to Guriner (1998).

Navigation messages of GLONASS slots 3 and 15, extracted from RINEX GLONASS navigation liles.
The messages show the change of the satellite clock parameters for siot 9 to incorrect values,
probably those of slot 15, as well as the change back to correct values. Note that the first
line of the messages consists of slot number, ephemeris reference date and time, satellite
clock offset and drift and message frame time. The message frame time indicates the start of
transmission of the navigation data in seconds of the current day. For a compliete description

Mavigation messages slot 15, 17 Novermber 1998, 5:15:00.0 UTC
15 9811 17_5 15 0.0 6091501563790—04 C—545696821064D_11 _1890000000000D+05
= 172614697 2660+04 - 2EPE35688T82D =01 .Uﬂﬁﬁmm QOO OOCOO000 D00
A221015136720+05 —. 19897661 2091 D01 OO0 00C 00000+ 00 LACO00000000 001
2232128564450 +05 L0007 1 144 1040+00 —. 2703967723850 -08 2000030000000 =01
Mawvigation messages siol 9, 17 November 1998, 21:45:00.0 UTC
o 98 11 17 21 45 0.0 A411950215700-03 B024947017 73012 FFA0030000000-05
1674954931 640405 131893645477 30+01 1BE2645149230D—08 Raleaialalacninlaleinialm eyl
—. 1534740380860+ 05 — 831 7455873220+00 E2TEI0ETT23850—-08 LS0000000000 D=0
1158106787 110+05 —. 30T ITETIOFTD+01 .0 0 000000000000 01
= 98 11 17 21 45 0.0 B0S16061091 40— 04 —. 5456968210640 -11 FEINOI000000 D05
1674954931640 +05 A319364547 73001 m:& =rer 23008 RO D - e
= 1534740380860+ 05 =. 891 7a556T7 322 -0 2V FIRGTV23850—-08 LSOO 0000 D=0
11581067871 10+05 — . B0OTITETIOFTD0T SOOCZOO 000000000 ACQOO0000000 D=0
Mawvigation messages slot 9, 18 Movember 1998, 6:15:00.0 UTC
(2 9811 18 6 15 0.0 SB045587360860-04 - B366462212410-11 216000000000 0-05
FE28945312500404 251509761810001 SD00O00000000E+00 QOO O0ODI00 D00
1 360823583980+05 —. 1186952529094 0 +01 AF1a225746150-09 CSO0000000000 D=0
20299458261 70D+05 SATOOOTEDTOSE0+01 — 2Ta3esT 723850 -08 A CO0O00CO0 0 D+01
9 2811 18 & 15 o0 141 248106956003 1818989403550 -11 225000000000 0+05
F32894531 250004 25150976181 0001 0000000000 =00 Ralalelaiunialale, salelnln BRalel
1360823583080 +05 —. 118695259024 0D+01 SB3132257A46150-08 LSO0000000000 001
202929468261 T70D+05 AT0007a01 056 0D+01 —. 2793867V 23850—-08 00000000000 0D+01




GNSS integrity anomaly simulation

» Satellite Vehicles (SVs) clock failure

clock ramp/jump

» Satellite Vehicles (SVs) orbit change

satellite maneuver/maintenance

e Operational Control System (OCS) blunder

navigation messages error



GNSS integrity anomaly simulation

» Satellite Vehicles (SVs) clock failure (clock ramp/jump)
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GNSS integrity anomaly simulation

« Satellite Vehicles (SVs) orbit change

satellite maneuver/maintenance
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GNSS integrity anomaly simulation

e Operational Control System (OCS) blunder

navigation messages error
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GNSS Simulation System
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GNSS Simulation System

Test of Master Control Station (Data Mode)
--assessment Ground Integrity Monitoring (GIM) performance
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GNSS Simulation System

Test of Master Control Station and Receiver (Mixed Mode)
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Summary

e A GNSS Simulation System was built for the
assessment of Master Control Station and receiver

e Several integrity anomalies have been simulated, and
the simulated data can be used to do the function
verification and algorithm assessment of GIM and RAIM.

eThe effort is continuing with the integrity anomaly data
collection activities.
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