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ABSTRACT

The Galileo High Accuracy Service (HAS) is a new Galileo service providing free of charge high accuracy Precise Point Positioning (PPP)
GPS constellations are provided through the Galileo E6-B signal component and also by terrestrial means (Internet). The HAS corrections currently support Galileo E1, E5a, E5b, E6 and GPS L1, L2C
frequencies and consist of orbits, clocks and code biases. In the future, HAS will also include phase biases and atmospheric corrections. A target accuracy for horizontal and vertical positioning of
Galileo+GPS solution is 15 cm and 20 cm, respectively. The poster focuses on monitoring the performance of the HAS which includes assessments of orbital errors, clock errors and positioning
errors. A comparison of the HAS orbits and satellite correction clocks with the final product from the Center for Orbit Determination in Europe (CODE) showed a high accuracy of the corrections

and its compliance with the declared accuracy. The HAS performance was analysed in terms of the Galileo+GPS PPP performed at globa
on horizontal and vertical position accuracy and convergence time. Results showed that the HAS accuracy targets for the current
Definition Document (SDD) are achievable. However, the results also show that the convergence times achieved with the current HAS p
are defined in the SDD for the HAS phase 2.
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The Galileo HAS performance monitoring at GOP is implemented in a |
multi-step approach (Figure 1). The input products are GNSS observation
files from the selected global reference stations (Figure 4), consolidated : S S S !
HAS PPP positioning Precise orbits & clocks performance assessment

navigation data files, precise correction files (Galileo HAS SIS and IDD (G-Nut/Geb) (G-Nut/Aset)
products), final orbit and clock product files and additional precise models.

An assessment of Galileo HAS orbit and clock corrections is performed on
a daily basis using the G-Nut/Aset software. Differences of HAS orbit and
clock corrections with respect to the reference product are estimated for
every 5 minutes. The orbits are compared in terms of 3D position, radial,
along-track, and cross-track components for individual satellites. The
satellite clock offsets are then compared by differencing between satellites

Figure 1: HAS performance monitoring system developed at GOP.
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Figure 3: Example of HPE/VPE time series (incl. convergences) at
BRUXOOBEL station for HAS IDD (top) and HAS SIS (bottom). A
degradation occurred for the SIS data source during March 12-13, 2024.
It is related to a lower quality of Galileo satellite clocks obtained from a
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- single GNSS receiver (without guarantee of error-free data collection).
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by reference products) which introduces a Figure 5: Day-by-day Galileo (bottom) and GPS (top) 3D satellite position statistics for HAS IDD.
difference of about 14 cm with respect to 1GS14
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corrections in real-time. The HAS corrections for Galileo and

reference stations using the G-Nut/Geb software with focus
y operational phase (phase 1) as published by the Service
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nase 1 are still longer than the convergence time targets that

Processing strategy Description

Navigation data Galileo/GPS INAV/LNAV (GOP’s BRDC files).

Precise corrections HAS orbit and clock corrections of active satellites.

Observations code and phase observations (E1+E5b, L1+L2).

Observation weighing 1/sin(elevation)?, phase = 100 * code.

Elevation angle cut-off 7 degrees.

Phase ambiguities estimated as float values.

Coordinates estimated as kinematic positions.

Receiver clocks estimated continuously using a white noise.

Satellite clocks introduced from precise corrections.

lonosphere slant ionosphere delays estimated using
dual-frequency observations.

Troposphere Saastamoinen + GPT; random walk mm/sqrt(hour)

Antenna models igs20.atx

Solid earth tides IERS 2010 model

Ocean tide loading IERS2010 + FES 2004 tidal model

Table 1: PPP strategy for estimating positioning errors.
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Figure 2: Mean 68% and 95% percentile HAS IDD/SIS HPE (top) and VPE
(bottom) over 15 global stations. Increased 95% percentiles (HAS SIS
statistics) reflect the PPP degradation for a majority of stations during
March 11-13, 2024, which has been still the only major difference
observed between the two Galileo HAS data sources.
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clock corrections for Galileo satellites are very
consistent over the time and satellites, while
these are rather variable for GPS satellites in
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and a low number of global stations used for the
service. On October 15 [1], the performance of
GPS satellites was degraded as also reported in

NAGU 2023053 for 5:32-7:25 UTC). The HAS data
were unavailable during January 15-17, 2024

HEFEFEFEFEEFEFEEEFEFEEEEEAEEEEAFAEEQQQOQOQQQQOQONNOMONNMONNNOMNNNMNNNMEM
OOOOOCOOR R FNNNNNWWWWWOOOOOOOOOR I NNNN NN NN N WWW
WIS UT~J00O O NWUIOR IS UIOYV~IOH WIS Y N WIS UT0V~J000 O NWHS U16Y~J00O0 O (WS U160V ~JCOO O 1IN

IDD data Iogg| ng at GO P was affe Cted [2] . 2023-02 2023-03 2023-04 2023-05 2023-06 2023-07 2023-08 2023-09 2023-10
Figure 6: Day-by-dat Galileo (bottom) and GPS (top) clock corrections statistics for HAS IDD.

CONCLUSION AND FUTURE WORK
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By monitoring the performance of the Galileo HAS with the G-Nut software at GOP, a long-term accuracy of Galileo and GPS Table. 2: Assessment of the performance of Galileo HAS orbit and clock corrections.

satellite orbits shows a good agreement (3D RMS 7.5 cm). However, Galileo clock corrections (STD 46.6 ps) are by a factor of
two more accurate compared to GPS clock corrections (STD 95.6 ps). A long-term PPP data processing demonstrates

Clock 3D Radial Cross-track Along-track

OGNS fps] [em] [em]  [em] [cm]

achievability of the HAS target (15/20 cm for horizontal/vertical position accuracy), although after a longer convergence time Galileo 46.6 7.5 2.0 3.2 50

than 300s. We are enhancing the procedure to be more compliant with the last Galileo SDD (Service Definition Document) and

GPS 95.6 7.5 2.3 3.1 4.9

to prepare it for a robust convergence time estimates for ambiguity-fixed positioning whenever supported with Galileo HAS too.
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