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ABSTRACT

The International GNSS Service (IGS) provides real-time satellite orbit, clock, and bias corrections through its Real-Time
Service (RTS). In addition, Galileo has offered the Galileo High Accuracy Service (HAS) since January 24, 2023, further
improving positioning accuracy for GPS and Galileo satellites. HAS data are available through Galileo's E6 signal and Ntrip,
enhancing positioning accuracy for GPS and Galileo satellites. This study compared Galileo HAS corrections data and
IGS RTS corrections data obtained from the BKG Ntrip client (BNC) on February 1 and June 23, 2024. The orbit, clock, and
bias corrections of each satellite were analyzed, revealing that HAS and IGS RTS correction values followed similar trends
for most satellites. Additionally, satellite position and clock values computed from these corrections were compared with
SP3 and CLK data for accuracy. To perform positioning using HAS, a Code-PPP algorithm was developed, and positioning
accuracy was evaluated for GPS-only, Galileo-only, and multi-constellation modes using both GPS and Galileo. Tropospheric
errors were mitigated using the Global Model of Pressure and Temperature (GPT) with the Global Mapping Function
(GMF), and ionospheric corrections were applied using the Global Ionospheric Map (GIM). As a result, sub-meter level
positioning accuracy was achieved. Among the correction types, IGS RTS corrections provided better accuracy for GPS-only
measurements, while Galileo HAS corrections yielded superior accuracy for Galileo-only positioning.
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Table 1. Galileo HAS main characteristics for Service level 1 and Service level 2.

HAS Service level 1 Service level 2
Coverage Global European coverage area (ECA)
Type of corrections PPP - orbit, clock, biases (code and phase) PPP - orbit, clock, biases (code and phase) + atmospheric corrections
Format of corrections Open format similar to compact-SSR

Dissemination of corrections Galileo E6B using 448 bits per satellite per second / terrestrial (internet)

Supported constellations Galileo, GPS

Supported crequencies Galileo E1/E5a/E5b/E6/E5 AItBOC GPS L1/L5/L2C
Horizontal accuracy (95%)  <20cm

Vertical accuracy (95%) <40cm

Convergence time <300s <100s
Availability 99%

User helpdesk 24/7

Mgk, 238004 Age] 74 9 A7 dlojelo] tisto] 7]
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(@)

(b)

Fig. 1. Comparison of HAS corrections and IGS RTS corrections: (@) DOY 032, (b) DOY 175.
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(b)

Fig. 2. Comparison of satellite positions and clocks using HAS corrections and IGS RTS corrections with SP3 and CLK data: (a) GPS; (b) Galileo.
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Table 2. RMS errors according to HAS and IGS RTS correction.

Correction  Satellit Orbit Clock
orrectio atellite 3D (m) 5T(HS)
GPS 0.15 0.22
HAS Galileo 0.24 0.20
GPS 0.11 0.18
IGSRTS Galileo 0.23 0.19
Zrt vl gle o] GPS 941 9] 7% oF 11~15 cm—l A3 Y &
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(b)

Fig. 3. Comparison of positioning result using HAS corrections and IGS RTS corrections: (a) DOY 032; (b) DOY 175.

Table 3. Positioning errors according to HAS and IGS RTS correction (RMSE).

HAS (m) IGSRTS (m)
boy RMSE GPS Galileo GPS+Galileo GPS Galileo GPS+Galileo

Horizontal 0.63 0.45 0.44 0.50 0.52 0.39

032 Vertical  0.67 0.64 0.50 0.57 0.65 0.47

3D 0.92 0.78 0.67 0.76  0.84 0.61

Horizontal 0.68 0.50 0.48 0.69 0.53 0.53

175 Vertical  0.72 0.64 0.53 0.67 0.74 0.58

3D 0.99 0.81 0.71 096 091 0.78

Table4. Positioning errors according to HAS and IGS RTS correction (95% percentile).
poy 9% HAS (m) IGS RTS (m)
percentile GPS Galileo GPS+Galileo GPS Galileo GPS+Galileo

Horizontal 0.97 0.85 0.68 0.86 0.99 0.64
032 Vertical 1.23 1.13 0.95 098 1.11 0.89
3D 1.56 1.29 1.08 1.28 1.54 1.02
Horizontal 1.24 0.90 0.90 1.28 091 0.94
175 Vertical 1.07 0.88 0.77 0.67  0.93 0.49
3D 1.73 1.43 1.23 1.68 1.50 1.31

AR QA BAPEI} Gl e A sl 914
Q5har AR 7HE g SR ARSIl 5915 skl
M= Fig. 33} Tables 3, 40f] LFERAQICE.

Fig. 3a= DOY 0324 9] =¢] Z3}= e 11, Fig. 3b+= DOY
1759 9] ¢ A3ks Yepl, T2 55 GPS By &

S |
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9], Galileo ©= 29|, GPS2} Galileo THEAISHH =9]
ek, Tefszol i HASE ol 83to]
shgha), IGS RTSS o] 8alo] 2915 A3
Uepoich

Table 3& ¥ GPS¢} Galileo &
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