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

➔ Wide availability of the service thanks to the transmission of corrections via satellite signal

➔ SSR00EUH0 stream publicly available

➔ How Galileo HAS performs in different applications?

https://www.euspa.europa.eu/



Experiment design
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1. Quality of Galileo HAS corrections

2. Positioning performance: static and kinematic

3. Timing

4. Troposphere monitoring

5. Coseismic vibrations monitoring



Quality of Galileo HAS corrections
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Quality of Galileo HAS corrections
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Average SISRE 

[cm]

Stream CNS HAS

GPS 3.3 8.6

Galileo 5.9 13.0

➔ GPS performs better

➔ HAS products have two times

biger SISRE than CNS



Positioning, timing, and troposphere monitoring experiment

➔ DoY 33-100, 2023

➔ 18 IGS + 16 EPN stations

➔ GPS (L1/L2) +

Galileo (E1/E5a)

➔ RT streams:

◆ CNES (orb, clk, CB, PB)

◆ HAS (orb, clk, CB)

➔ reference:

◆ CSRS-PPP (coord.)

◆ EPN & IGS (ZTD)
Processing strategy:

➔ undifferenced uncombined dual-frequency float PPP

● daily static solution (positioning)

● continuous static solution (troposphere)

➔ ITRF2020, IERS Convention 2010, GPT+GMF
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Outside Galileo HAS service area

Inside Galileo HAS service area



Daily Static PPP
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➔ Positive bias for HAS solution

➔ 1.5 smaller StdDev for CNS

mean StdDev RMS

Hz
CNS 8 11 15

HAS 21 18 31

V
CNS -5 13 17

HAS -16 19 29



Daily Static PPP
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➔ Positive bias for HAS solution

➔ 1.5 smaller StdDev for CNS

mean StdDev RMS

Hz
CNS 8 11 15

HAS 21 18 31

V
CNS -5 13 17

HAS -16 19 29

N E U

5 cm 2.0 1.5 1.5

20 cm 2.1 1.8 1.8

➔ Average CNES vs HAS 

convergence time rate



Kinematic PPP

9

❑ A few centimeter station-

specific offsets

❑ Similar precision 

Hz

CNS: 91 mm

HAS: 93 mm

V

CNS: 106 mm

HAS: 118 mm

❑ Real-time corrections quality

is not a main limiting factor in 

kinematic PPP



Timing

10

❑ Significantly lower receiver

clock offsets estimated for CNS 

than for HAS

❑ 95% confidecnce level

CNS: 0.03 ns (max 0.08 ns)

HAS: 0.06 ns (max 0.10 ns)

2σ 2σ



Timing
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❑ Comparison with IGS Final clock

product

❑ CNS bias smaller than for HAS by 

0.5 to 1.5 ns

❑ StdDev

CNS: 0.9 to 3.3 ns

HAS: 0.8 to 3.3 ns

❑ Both streams agree to 0.3 ns and 

better for HAS data

2σ 2σ



Troposphere estimation
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[mm] mean StdDev RMSE

CNS vs EPN 3,7 6,5 7,7

CNS vs IGS 0,1 10,3 11,1

HAS vs EPN 3,0 9,1 9,6

HAS vs IGS 1,9 13,3 13,9



Troposphere determination: orbital artifacts?

● GPS+Galileo (with CNES RT) suppresses artificial orbital effects in ZTD time-series [1];

● HAS -> some daily and sub-daily signals are amplified (further investigation required)

[1] T. Hadas and T. Hobiger, "Benefits of Using Galileo for Real-Time GNSS Meteorology," in IEEE Geoscience and Remote 

Sensing Letters, vol. 18, no. 10, pp. 1756-1760, Oct. 2021, doi: 10.1109/LGRS.2020.3007138.
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Coseismic vibrations experiment
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➔ 2023 Turkey-Syria Earthquake

➔ Map shows events M >4.5

➔ 10 Hz positioning

GPS+Galileo Galileo HAS

➔ Vibration detection with 

dedicated algorithm

Kudłacik, I., Kapłon, 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



Coseismic vibrations monitoring
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❑ Accuracy

CNS HAS

Hz 12 mm 20 mm

V 25 mm 46 mm



Coseismic vibrations monitoring
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❑ Accuracy

❑ The median Pearson’s

correlation with seismograph

almost identical for E and N

CNS: 0.85

HAS: 0.84

for U component

CNS: 0.72

HAS: 0.60

CNS HAS

Hz 12 mm 20 mm

V 25 mm 46 mm



Conclusions: Performance with HAS

❑ Positioning:

○ Galileo HAS perform better than nominally

○ Only minor degradation outside operation area

❑ Timing:

○ Significantly lower estimated receiver clock offsets for CNES than for HAS

○ Good agreement between both streams (0.3 ns)

❑ Troposphere:

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

○ 30-45% of degradation compared to processing with real-time CNES products

❑ Coseismic vibrations:

○ Galileo HAS has slightly smaller accuracy than CNES

○ Good agreement between CNES and HAS results in terms of horizontal components
17



For extanded description:
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T. Hadas, K. Kazmierski, I. Kudłacik, 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.



Thank you for your attention!

kamil.kazmierski@upwr.edu.pl
www.up.wroc.pl
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