


TABLE OF CONTENTS /

What is Galileo HAS
Galileo HAS architecture
Galileo HAS performance

Galileo HAS roadmap

European Commission



WHAT IS THE GALILEO HAS

Galileo HAS provides precise corrections for satellite
orbit, clock and signal biases

Galileo HAS corrections distributed via
* Galileo satellites, E6-B signal (1278.75 MHz)
* |nternet

Typical accuracy in the decimetre level (after
convergence), with Precise Point Positioning (PPP)
receivers

(Almost) global coverage and free
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GALILEO HAS ARCHITECTURE - High level service architecture
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GALILEO HAS ARCHITECTURE - Ground Infrastructure /

Proposal, design, demonstration
HAS SIS ICD L

Program Management

‘ GNSS Service Center
/ HA data generator

Service development and validation

Operations and Maintenance - -

Security Accreditation

Service Provision — user’s interface ,«i% L

& 15+1 Galileo sensor stations |

O Ground Control Centers

o T
Lot . .
Up-Link Stations s,
o - {esa
—\‘\;j/)_ Space Segment Eurapean Space Agency

/ Support to experimentation and
Validation
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GALILEO HAS PERFORMANCE

SERVICE LEVEL 1 SERVICE LEVEL 2

Global European Coverage Area (ECA)

PPP - Orbit, clock, biases (code and phase) incl.

PPP - Orbit, clock, biases (code and phase) e

SIS (Galileo E6-B) and IDD (Ntrip) SIS (Galileo E6-B) and IDD (Ntrip)
Galileo E1/E5a/E5b/E6; ES AltBOC Galileo E1/E5a/E5b/E6; ES AltBOC
GPS L1/L5; L2C GPS L1/L5; L2C
<20 cm <20cm
<40cm <40cm
<300 s <100 s
24/7 24/7



GALILEO HAS PERFORMANCE - Initial Service

GALILEO HIGH ACCURACY SERVICE
SERVICE DEFINITION DOCUMENT
(HAS SDD)

European Union Agency for the Space
Programme (EUSPA), HAS SDD [Online]:
https.//www.gsc-

europa.eu/sites/default/files/sites/all/files/Gal
ZI Galileo HAS service area

- Area currently excluded from Galileo HAS service area

ileo HAS SDD.pdf



https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_HAS_SDD.pdf
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_HAS_SDD.pdf
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_HAS_SDD.pdf

GALILEO HAS PERFORMANCE - Quartery Performance Reports //

European GNSS Service Centre

https://www.gsc-
europa.eu/sites/default/files/sites/all/files/Galileo-
HAS-Quarterly-Performance Report-Q3-2023.pdf

EUROPEAN GNSS (GALILEO) SERVICES

HIGH ACCURACY SERVICE (HAS)
PO, QUARTERLY PERFORMANCE REPORT

L J JULY - SEPTEMBER 2023



https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo-HAS-Quarterly-Performance_Report-Q3-2023.pdf
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo-HAS-Quarterly-Performance_Report-Q3-2023.pdf
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo-HAS-Quarterly-Performance_Report-Q3-2023.pdf
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Performance — Product Accuracy

Galileo orbit corrections (95%)
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HAS Performance — Product Accuracy
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PDF of Radial Error
Gal!leo INA\( w/o anq with HAS, E1B-!£5b

[ Galileo INAV
- [ JHAS —
-1 -0.5 0 0.5 1

Radial error [m]

PDF of Clock Error
Galileo INAV w/o and with HAS, E1B-E5b

[ Galileo INAV
[CJHAS 1

-1 -0.5 0 0.5 1
Clock error [m]

CDF of Radial Error
Galileo INAV w/o and with HAS, E1B-E5b

10° Galileo INAV |
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5 102
Q
107

0 025 05 0.75 1 125 15
Radial error [m]

CDF of Clock Error
Galileo INAV w/o and with HAS, E1B-E5b
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Clock error [m]

Fernandez-Hernandez et al. “Galileo high accuracy service: initial definition and performance”, GPS Solutions, 2022
Martini et al. “Galileo high accuracy service performance and anomaly mitigation capabilities”, GPS Solutions, 2024
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Table 4 Averape and 95th peorcontile SISE—Oaliko E1-ESa (loft)
and (GP S L 1ICSA-LZP (right), Soptember 11, 2030,

Sawllie Average |m] Pas m]
El2 0057 0118
EZa 0045 0076
B4 0.0a7 0167
BO4 0059 LN B
BOR 0047 0079
E3a 0035 006es
El3 0032 006l
BT 0.0z 0055
ElS 0.0z 0055
Ell 0083 0. 1BG
E2G 0042 007l
E33 0050 LUR T i}
B3 0047 011
E3l 00ZR 007s
BO2 0037 0
E3fG 0047 0108
EX7 0038 L) =
EZX5 0038 Liing: 3
EZ1 0035 0073
BEOS 0064 0149
Elg 0056 0103
izal all-sal avg LIEISEH anas
G5 0055 0110
LA b 0097 04265
09 0056 LU
L ] 0065 0148
GF2 L LUR T i}
a7 0066 L]
GI8 0101 0239
g3 0065 0155
G112 0056 010z
330 0052 LU Bk
L 0057 LU
a7 0055 LURE: i}
a9 0124 0%
G324 0066 0137
05 0042 007E
I8 000 010z
0331 0072 0117
o307 0043 R0
Lo 1) 0,093 0 ZBS
330 0150 0224
Lod [ 0066 LU ]
G532 0050 LR
30 0116 0300
025 0058 0153
301 0,093 LUR L]
L LU o] 0155
08 0081 0150
Satellite Average [m] P95 [m]
GPS all-sat avg 0.075 0.160
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Table 4 Averape and 95th peorcontile SISE—Oaliko E1-ESa (loft)
and (GP S L 1ICSA-LZP (right), Soptember 11, 2030,

HAS Performance — Product Accuracy
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Fernandez-Hernandez et al. “Galileo high accuracy service: initial definition and performance”, GPS Solutions, 2022
Martini et al. “Galileo high accuracy service performance and anomaly mitigation capabilities”, GPS Solutions, 2024
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HAS Performance — Receiver PPP Accuracy

HAUT Rx, Rome (IT)

GAL+GPS SPP solut|on GAL+GPS HAS PPP solution
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HAS Pe rforma n Scatter plot comparison. HAS E1+E5b L1+L2C

F:r),om 2023-09-07 to 2023-09-08 (18h data processing)
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HAS Performance - Availability

- availability of at least 5 corrected Galileo satellites in view
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Grid map: min=87.03%, mean=96.93% March 2023
Service area: min=91.47%, mean=97.74%



HAS Performance - Availability

- availability of at least 5 corrected Galileo satellites in view
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HAS Performance - Availability /

- availability of at least 5 corrected Galileo satellites in view - avallability of at least 8 Galileo and/or GPS satellites in view.
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HAS Performance - Availability

- availability of at least 5 corrected Galileo satellites in view - availability of at least 8 Galileo and/or GPS satellites in view.
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GALILEO HAS ROADMAP — What comes next?

= Progress since last 3PITF
= One more station deployed (Wallis)
= Another station in deployment (Bonaire)
= Infrastructure improvements

= Internal definition of Phase 2 ongoing: New stations,

new messages and blocks (iono, confidence levels,
authentication...)

= Anniversary of HAS Initial Service, with continuous
PPP corrections delivered since then

= Next steps

= Publication of User Algorithm (incl. software lib and
test vectors)

= Addition of phase biases

= Continuous performance and infrastructure
improvements

= Phase 2 deployment by 2026

PHASE

(0

HAS TESTING AND
EXPERIMENTATION

Validate dissemination
capabilities
HAS SiS tests and
experimentation
Leverage lessons learned
for following phases

PHASE

1

HAS INITIAL
SERVICE

Use Galileo system
data only (GSS)
Relaxed performance
targets

C?/

GJW

¥ oty

7y,

¥

PHASE

/

HAS FULL
SERVICE

Improved design /
infrastructure

Additional data
(stations) to improve
the performance



GALILEO HAS Use cases
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EMs  Fix: Fixed o) ; : M FixFixed ©x

[_posion ] o

= |
! . ! 4%l | Receiving: GALHAS  HDOP: 0.40
UTC Time: 22:35:40 Baseline: 0Okm  Rover Slip: 0
Diff Age: 5 sec Base Slip: o |
Latitude: -0.82125954 H RMS: 0.051m lono: 0

Longitude: -90.06141542
Ellip. Height: 150.008 m

“The precision with [the Arrow Gold+ and
Galileo HAS] was incredible. I will use one

HRMS: 0.050 Speed: 0.00 . )
VRMS: 007 Headng: 12895 for every project I ever do, ever.
N 00§ Charles Lehnen, Ecologist, University of
el Southern California
PDOP: 0.90 Diff ID: 1021

— https://eos-gnss.com/successes/galapagos
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