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Motivation

- Galileo HAS Initial Service available since the 24th of January 2023

- Wide availablility of the service thanks to the transmission of corrections via satellite signal

- SSROOEUHO stream publicly available

- How Galileo HAS performs in different applications?
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I Experiment design

Quality of Galileo HAS corrections
Positioning performance: static and kinematic
Timing

Troposphere monitoring

OIS 22 N =

Coseismic vibrations monitoring
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Quality of Galileo HAS corrections SISRE = , /[RMS (wg - Arg — Acdt)]” +u? - (47 +C?)

(after Montenbruck et al. 2015)
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I Quality of Galileo HAS corrections

m CNS ® HAS A GPS o Galieo
-> GPS performs better 0.157 | | | I "
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I Positioning, timing, and troposphere monitoring experiment
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Processing strategy:
= undifferenced uncombined dual-frequency float PPP
e daily static solution (positioning)
e continuous static solution (troposphere)
- ITRF2020, IERS Convention 2010, GPT+GMF

& EPN & IGS (ZTD)

6
WROCEAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES



I Daily Static PPP

=> Positive bias for HAS solution
= 1.5 smaller StdDev for CNS
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I Daily Static PPP

=> Positive bias for HAS solution
= 1.5 smaller StdDev for CNS

mean StdDev RMS

- CNS 8 11 15
HAS 21 18 31

Vv CNS -5 13 17
HAS | -16 19 29

-> Average CNES vs HAS

convergence time rate
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I Kinematic PPP

3 Afew centimeter station- ﬁo'mﬁﬁ?ﬁ' R
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 Real-time corrections quality
IS not a main limiting factor in
kinematic PPP
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Troposphere estimation
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Troposphere determination: orbital artifacts?

e GPS+Galileo (with CNES RT) suppresses artificial orbital effects in ZTD time-series [1];
e HAS -> some daily and sub-daily signals are amplified (further investigation required)

3 xt0% 2 x10° o x10°

e BORJ f £ KARL 2 -\WROC

2 2 | CNES CNES

4.(32 ‘&-52_ 1 1.5-

O} O]

Q. o

w w 1+t

o o

3 3 05

o o
0 L " " L L
56 6 § 2 88 2 & E E

3 x107 .

. . 2 WROC 24-00h

= = 151 FAS 98,000

O O 2+ .

[} )

Q. Q.

D) ) 1+t

: g1

O o 0-5

o o

" 0 L 0 L N
§5 § § 2 23 23 E & 56 6§ § 2 I8 2 & E & §5 § §2 3 2 & E §
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Sensing Letters, vol. 18, no. 10, pp. 1756-1760, Oct. 2021, doi: 10.1109/LGRS.2020.3007138.
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Coseismic vibrations experiment

= 2023 Turkey-Syria Earthguake

= Map shows events M >4.5

= 10 Hz positioning
GPS+Galileo Galileo HAS

= Vibration detection with

dedicated algorithm 40°0'N

Kudtacik, I., Kaptfon, J.,
Kazmierski, K. et al. First
feasibility demonstration
of GNSS-seismology for
anthropogenic
earthquakes detection. Sci
Rep 13, 20905 (2023).
https://doi.org/10.1038/s4
1598-023-47964-2
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RMSE
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I Coseismic vibrations monitoring
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I Coseismic vibrations monitoring

CNS-HAS: corr=0.92
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I Conclusions: Performance with HAS

 Positioning:
o Galileo HAS perform better than nominally
o Only minor degradation outside operation area
d Timing:
o Significantly lower estimated receiver clock offsets for CNES than for HAS

o Good agreement between both streams (0.3 ns)
1 Troposphere:

o ZTD precision of 10 mm (13 mm) compared to EPN (IGS) Final solutions;

o 30-45% of degradation compared to processing with real-time CNES products
1 Coseismic vibrations:

o Galileo HAS has slightly smaller accuracy than CNES

o Good agreement between CNES and HAS results in terms of horizontal components
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For extanded description:

T. Hadas, K. Kazmierski, |. Kudtacik, G. Marut and S. Madraszek,
"Galileo High Accuracy Service in real-time PNT, geoscience and
monitoring applications,” in IEEE Geoscience and Remote
Sensing Letters, doi: 10.1109/LGRS.2024.3354293.
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I Thank you for your attention!
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