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GALILEO SERVICES PORTFOLIO

Now, Then,

4— Open Service (OS)

v
T » Free and Open Positioning Navigation & Timing (3 frequencies)

* Emergency Warning Satellite Service + Timing Service, Space Service Volume

Eh— Public Regulated Service (PRS)

, *Encrypted, more robust, unlimited & uninterrupted access

CB_ Search and Rescue (SAR) - contribution

*Forward link + acknowledgement "return link*

| *Remote Beacon Activation + +
;’*— High Accuracy and Authentication
- *

: *High Accuracy Service

| *OSNMA +

* Advanced Receiver Autonomous Monitoring (ARAIM)
*SBAS Dual Frequency (EGNOS Version 3)

%— Safety-of-Life (SoL) - contribution

European
Commission

IDEFIS



GALILEO CONSTELLATION STATUS

Navigation (24 in service)

4,'@‘ ‘Dc" Search and Rescue (23 in service)
:g‘; i i = 32 satellites in orbit
Sy 38 L 47 // | satellites in orbi
i // g /14 - £~ ,;ﬂ@“ 2 marked unhealthy
g co4
204 g a'/‘/'w / A8 2inactive spares
)
p A 287 » [~ 210 SAR (by design)
Piane & A AL oy ™ =7 w03 a'i,, c12 _s[f 2 SAR commissioning (L12)
?'; - - 1 under decommissioning
o 2 under commissioning (L13)

As of 27 Jan 2025 Latest data here:
https://www.gsc-europa.eu/system-service-status/constellation-information

Relative RAAN

[0} 4 (1) 12.4 12.9
FOCwOLw02 22 (4) 7.9 10.1
FOC Batch#3 6 (2) 11 2.8
TOTAL 32 (7) 7.2 12.9

Plane A Plane B Plane C

() not in service for Navigation
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GALILEO DELIVERS OUTSTANDING WORLDWIDE PERFORMANCE

Ranging Performance, As-observed
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Initial Service Declaration < ] H a

» Very stable Signal In Space Ranging Error (SISE) trend

« Largely compliant with the Service Definition Document

Galileo Open Service - Service Definition Document (OS SDD) — Issue 1.3, November 2023

0.20m (95%)
all satellites,
July 2024
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GALILEO DELIVERS OUTSTANDING WORLDWIDE PERFORMANCE

Galileo Timing

Broadcast UTC GGTO accuracy
offset

T T
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Full period: Full period:

-10 + < 313 samples 356 samples
5.3 ns (95%) 4.2 ns (95%)
2.8 ns (RMS) -10 | -+ 2.2 ns (RMS)
as | | 18ns(AVG) -1.2 ns (AVG)
2.1 ns (STD) 1.8 ns (STD)
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5.3ns (95%) < 30ns (95%) in Galileo OS SDD 4.2ns (95%) < 20ns (95%) in Galileo OS SDD

« Very stable and Largely compliant

Results evaluated with calibrated timing GPS/Galileo receiver operated in UTC(K) laboratory (PTB, INRIM]

E
Galileo Open Service - Service Definition Document (OS SDD) — Issue 1.3, November 2023 m cﬂiﬁfﬁiﬂm | D E F I S



Search and Rescue (SAR)

» European Contribution to Cospas-Sarsat
« Worldwide coverage

* Free of charge

» Unprecedented accuracy and speed WSO ToMNANDZKM

WITHOUT GALILEO, WITH GALILEO,

LOCALISATION LOCALISATION

SPITSBERGEN

SANTA MARIA TOULOUSE

LARNACA
MASPALOMAS

Evolution Indian
and Atlantic ...
Ocean Area
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High Accuracy Service Status

What is Galileo
High Accuracy Servic o?

Find out here

* Service Operational since January 2023 — Initial Service

GALILEO #GH ACCURACY SERVICE
SERVICE DEFINITION DOCUMENT
(HAS SDD)

¢ HAS Service Definition Document available

Galileo-HAS-SDD v1.0.pdf (gsc-europa.eu) PHASE
U PHASE
. . HASTESTING AND
* HAS Phase 2 (Full Service) expected in 2026 EXPERIMENTATION 1
HES INITIAL
SERVICE
Validate dissemination Use Galileo system
capabilities data only (G55)
HASSIS_LESEN R&Iixedi

PHASE

2

HAS FULL
SERVICE

Improved design/
infrastructure

experimentation targets

Leverage lessons learned
for follewing phases

Initial Service
» Targets 20/40cm horizontal/vertical accuracy (95%)

* Very good performance since start of Service

* “Convergence” accuracy in a few minutes

* Large demand after the HAS Declaration - current status: 300+
registered users including (Google Inc., Broadcom US, Furuno,
Kongsberg, Fugro, Trimble, U-Blox, Samsung, etc.)

(stations) to improve
the performance

European
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https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo-HAS-SDD_v1.0.pdf

Open Service Navigation Message Authentication (NMA)

*  OSNMA - Long awaited GNSS feature

*  OSNMA SIS ICD and guidelines published in 2022

ow orek A ' 4 * Transition to final signal broadcast in July 2023

: * Public Testing Phase formally closed, broadcast continues

» oy

Open Service Navigation (4

Message o

Public Observation BT
K

* Initial Service very, very soon!

Galileo Signal Authentication Service (SAS)

* Allows derivation of fully authenticated Position, Velocity and
Timing solutions

* Initial Service: Assisted through terrestrial dissemination
(GSC)

* Testing started in 2024
* Initial Capability later in 2025
* Previously known as “Commercial Authentication Service”
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Galileo Contribution to Safety of Life

*  Galileo already recognized for Civil Aviation
*  Formal adoption by ICAO of the Aviation Standards in March 2023
*  Galileo will support Advanced Receiver Autonomous Monitoring

e Initial Service, based on ARAIM parameters commitments, will follow OS
FOC Declaration

e  Galileo will support Dual Frequency Multiconstellation SBAS

e Initial Service, based on Galileo Commitments towards EGNOS, will follow
OS FOC Declaration

Galileo Emergency Warning Satellite Service

e Service offered to National Civil Protection Authorities to broadcast alerts and associated
guidance to targeted areas within minutes

* Demonstration with Civil Protection Authorities performed in 2023 and 2024:
simulated Alerts broadcast with Test signals from Operational Galileo satellites

Next steps:

e Start and support the pilot phase in MS (Step 0)

* Ensure real-time interfacing of civil protection authorities with Galileo (Step 1)
* Ensure implementation in user segment (eg in smartphones)

e EWSS Initial Service Declaration in G1G in 2025
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Galileo Timing Service

* Timing Service in the mission of Galileo Second Generation

- L
* Dedicated monitoring for 3 Service Levels and dedicated message i
* TSM OSD published April 2024
Galileo Timing Service Message
e Version 1.1 soon to be published Operational Status Definition (TSM OSD
v1.0)

First Standard for Galileo Timing Receivers developed under CEN/CENELEC

e Publication before end of year

* @Galileo recognition by BIPM
¢ Galileo added to the Circular T since June 2024

Section 4:

sseminated by GNSS.

For this edition 51'= 6.8 ns

2023

oh UTC
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https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_Timing_Service_Message_Operational_Status_Definition_document_(TSM_OSD).pdf
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_Timing_Service_Message_Operational_Status_Definition_document_(TSM_OSD).pdf
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Galileo_Timing_Service_Message_Operational_Status_Definition_document_(TSM_OSD).pdf

Upper Galileo S5V
At least 4 GNSS Signals
(incl Galileo)
GEO
——————

-~ Intermediate SSV T N
»°  Atleast 4 Galileo Signals »
¢ Limit 8000km S

‘ . \

/ - * Lower Galileo S5V, \

,' ¢ 3DPositionand \
¢/ Timing with Galileo %

s ¢
Limit 4000-5000 kg ’
- - ’

International Cooperation

* UN International Committee on GNSS defines,
promotes an Interoperable GNSS SSV for the

benefit of GNSS space users

11

Galileo Space Service Volume

Galileo stand alone 3D Position and Timing up to around 4500 km

* Covers higher orbits than GPS dues to higher MEO altitude
Unique Galileo services fully available in LEO

Multi-constellation for higher orbits

GALILEO REFERENCE
ANTENNA PATTERN

Galileo Reference Antenna Pattern,
Issue 1.0, May 2024

https://www.gsc-

europa.eu/sites/default/files/sites/all/files/Galileo_Reference_Antenna_Pattern_v1.0.pdf

s

THE INTEROPERABLE
GLOBAL NAVIGATION
SATELLITE SYSTEMS
SPACE SERVICE

UME
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EGNOS
.2015

SOL LPV-
- European Geostationary Navigation Overlay Service .E"Dl,fs el 4
- Equivalent to Australia/NZ’s SouthPan @011 declaration - declaration
» Augments GPS signals over Europe: o APV
- Better performance (accuracy and integrity) ®1000 Geciaration

- Certified for use in Safety-Of-Life QS ation
applications, eg aviation

Inter-operable with other regional systems:
* Operational: WAAS (USA), MSAS (Japan),
GAGAN (India), SouthPAN (Australia/NZ),
* Under deployment: SDCM (Russia), KAAS
(South Korea)
« Under development: ANGA (Africa), BS-
SBAS (China)

EGNOS V3 under development will augment also s
Galileo ‘

12
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GALILEO HIGH ACCURACY SERVICE (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

Global coverage and free

5
o

=

=

o
A

()
-

HA USER SEGMENT

HA Data
System Data
- .

HADG

HA corrections
(ground server access)

INTERNET

&




GALILEO HIGH ACCURACY SERVICE (HAS): SERVICE LEVELS

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 e TS

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; E5 AltBOC
GPS L1/L5; L2C GPS L1/L5; L2C
<20 cm <20 cm
<40 cm <40 cm
<300s <100 s
24/7 24/7

Galileo HAS currently in Phase 1 since 24/1/23, providing most SL1



GALILEO HIGH ACCURACY SERVICE (HAS): PRODUCTS ACCURACY /

Galileo HAS SIS
B Data —Fitting j: -0.017 o 0.068

(Bl Data — Fitting 1. 0.007 ¢ 0.026
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Zoccarato et al., Galileo High Accuracy Service Reference User Algorithm Formulation and Verification, IONGNSS+2024



GALILEO HIGH ACCURACY SERVICE (HAS): PRODUCTS ACCURACY /
GPS HAS SIS
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HPE 68% (metres)

GALILEO HIGH ACCURACY SERVICE (HAS): USER ACCURACY /

HAS Performance - November 2024 - HAUT at EUSPA HQ

08 r

0.6

04 r

0.2

Horizontal Positioning Error evalluated at 68% on any 24 hours of tirr;e span

red line = threshold for error at 68% over any 24 hours

2024/11/07
00:00:00
2024/11/14
00-00:00
2024/11/21
00:00:00
2024/11/28
00:00:00

Time (UTC)

VPE 68% (metres)

HAS Performance - November 2024 - HAUT at EUSPA HQ)

08|

0.6 |

04

Vertical Positioning Error evalluated at 68% on any 24 hours of tirﬁe span

red line = threshold for error at 68% over any 24 hours

0.2

2024/11/07
00:00:00
2024/11/14
00:00:00
2024/11/21
00:00:00
2024/11/28
00:00:00

Time (UTC)

“Galileo + GPS” multi-constellation mode: Galileo E1+E5a, GPS L1+L2C, HAUT
(High Accuracy User Terminal), November 2024

Source: EUSPA



GALILEO HIGH ACCURACY SERVICE (HAS): COVERAGE AND AVAILABILITY

HAS service coverage, November 2024. “Galileo-only”, 5+ SVs corrected HAS service coverage, November 2024. “Galileo + GPS”, 8+ SVs corrected
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GALILEO HIGH ACCURACY SERVICE (HAS): APPLICATIONS

HAS  HAS  HAS
GPS Galileo GPS+Galileo

Jp) Sa!r:l Afi (ijm

b o ®

Successful Test of Galileo High Accuracy Service
(HAS) on the African Continent — Dakar (Senegal)

user positioning performance in real-time by
signal and by terrestrial means (i.e. Internet).
SatNav Africa JPO in collaboration with

Géomatique (ASPG) undertoock a demonstration on
the use of Galilea HAS. ... més

Hauschild, A., et al. Orbit determination of Sentinel-6A using the Galileo high accuracy service test signal. Gps Solutions, 26(4), 120.
Zhang, R., et al., Initial and comprehensive analysis of PPP time transfer based on Galileo high accuracy service. GPS Solutions, 28(2), 94.

https://satnav-africa.com

van Diggelen, F., et al., Evaluation of Galileo High Accuracy Service (HAS) with Android Smartphone Data, ENC 2023https://eos-gnss.com/successes/galapagos

RTK Status

Galileo HAS is being gradually incorporated in receivers and applications

B Following the Dedaration of Galileo HAS Initial Service
on the 24th of January 2023, users within the service
area with compatible receivers can achieve improved

exploiting the HAS data delivered in the Galileo E6-B

the Association Sénégalaise des Professionnels de la
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https://satnav-africa.com/

GALILEO HIGH ACCURACY SERVICE (HAS): PHASE 2

SERVICE LEVEL 1 SERVICE LEVEL 2 /

European Coverage Area
Global (ECA)

PPP - Orbit, clock, biases
(code and phase) incl.
atmospheric corrections
SIS (Galileo E6-B) and IDD SIS (Galileo E6-B) and IDD

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

= |ncludes full SL1 worldwide and SL2 in Europe
= Additional infrastructure foreseen includes EGNOS RIMS,

G2STB stations, new ODTS + ionosphere B e Foe o e W P o o E e
oy . . . . . . E5 AltBOC AltBOC
= Additional data includes ionospheric corrections (in Europe), aps L1, LaC ops L1/15, LaC
Satellite Corrections Accuracy, Message Authentication <20 cm <20 cm
= Expected in 2nd half of 2026 <40 cm <40 cm
<300 s <100 s
24/7 24/7

23
22
21
20

r 19

r 18

17
I 16
I 15
b 14
I 13
b 12
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GALILEO HIGH ACCURACY SERVICE (HAS): SUMMARY AND NEXT STEPS /

= Galileo HAS (High Accuracy Service) provides decimeter-level accuracy worldwide for free

= |tis based on transmitting accurate orbit, clock and bias corrections to Galileo and GPS satellites, and
applying PPP (Precise Point Positioning) algorithms in the receiver

= |nitial service (Phase 1) launched in Jan’23 and signals provided (almost) uninterruptedly

= Full service (Phase 2) foreseen by 2026, including better coverage, ionosphere (Europe), authentication,
quality indicators and other data

= Relevant complement to receivers and applications in many sectors : automotive, professional, consumer,
scientific, timing, space, and others



GALILEO HIGH ACCURACY SERVICE (HAS): FURTHER INFORMATION //

= Galileo Reference Documents: https://www.gsc-
europa.eu/electronic-library/programme-reference-

documents#ACCURACY

n Other references (among many!):

HAS initial definition and performance:
https://link.springer.com/article/10.1007/s1029

1-022-01247-x

HASIib open source tool:
https://github.com/nlsfi/HASlib

HASIib integration with RTKLIB:
https://link.springer.com/article/10.1007/s1029

1-024-01617-7

HAS user performance (incl. convergence time):
https://link.springer.com/content/pdf/10.1007/s

10291-023-01410-y.pdf

High Accuracy Service

| ]
GALILED <0 ATTURALY SERW
SENA -39 MTESFUE
[NTAAE V0T AT THAS 1S K01
-
L

Galileo High Accuracy Service - Service Definition Document (HAS SDD)

Galileo High Accuracy Service Signal-in-Space Interface Control
Document (HAS SIS ICD)

Galileo High Accuracy Service - Internet Data Distribution Interface
Control Document (HAS IDD ICD)

This document is only available after registration to the Galileo HAS Internet Data Distribution


https://www.gsc-europa.eu/electronic-library/programme-reference-documents#ACCURACY
https://www.gsc-europa.eu/electronic-library/programme-reference-documents#ACCURACY
https://www.gsc-europa.eu/electronic-library/programme-reference-documents#ACCURACY
https://link.springer.com/article/10.1007/s10291-022-01247-x
https://link.springer.com/article/10.1007/s10291-022-01247-x
https://github.com/nlsfi/HASlib
https://link.springer.com/article/10.1007/s10291-024-01617-7
https://link.springer.com/article/10.1007/s10291-024-01617-7
https://link.springer.com/content/pdf/10.1007/s10291-023-01410-y.pdf
https://link.springer.com/content/pdf/10.1007/s10291-023-01410-y.pdf

And many mb?‘e\..
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NAVIGATION MADE IN EUROPE

Eric Guyader

European Commission, Galileo and EGNOS programme

ICG Workshop ¢ Kathmandu, 27 January — 1 February 2025
- Eric.Guyader@ec.europa.eu




BACKGROUND

NAVIGATION MADE IN EUROPE

Global trend to develop Disaster Risk Reduction
technologies

Target G of the Sendai Framework

« Substantially increase the availability of and
access to multi-hazard early warning systems and

Sendai Framework

for Disaster Risk Reduction disaster risk information and assessments to people
2015 - 2030 by 2030 »

Safer Together
Strengthening Europe’s
Civilian and Military
Preparedness and Readiness

Niinisto report

« Reinforce crisis and emergency communications
with citizens by improving alert mechanisms and
early warning systems to ensure a capacity to reach
citizens under all conditions »

Galileo contribution to these targets:

Emergency Warning Satellite Service (EWSS)
e




GALILEO TODAY

— 32 satellites in orbit
— Remarkable performance

— Operational services, or in
roll-out phase

— Strong link with users,
market and industry

— Modernization on-going




SERVICE CONCEPT

’%&\\

L-band
. i i i |
National Emergency Centre Galileo Emergency Service SO L-band
DECISION __Interface signals
m g T el
CAP / XML g
Ao
3 3
2 o
% o
‘ _
o .
1  ——
Civil protection Galileo Ground Segment Population

(smartphone,
car navigator, Handheld, smartwatch,
public display, sirens, etc)

The service is realised by three components:

Civil Protection Authorities Galileo infrastructure end users




EWSS TEASER
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https://urldefense.com/v3/__https:/drive.google.com/file/d/1F7tPGnPjjwF5DJrCGkdjAKszV3RIGeCl/view?usp=share_link__;!!DOxrgLBm!GTp2PPb9LOhhhCDraeRVKy7TQeCnzGWA5C3sJLWgNjNpcTtQwQaChtZ7hyukHcFDMmJDZY7vpuF2fm_T5OTMvY1B$

WARNING CONCEPT

EGNOS
NAVIGATION MADE IN EUROPE

Type of alert

Type of hazard

Severity of hazar

Instruction

Chronology of hazar

Originator of aler

Alert area (ellipse

YOUR POSITIO




TARGET AUDIENCE




WHERE WE ARE

* In-field demonstration campaign finished
— 4 locations in EU (FR, DE, CY, BE/LU). All very successful !
— Different scenarios tested each time: floods, fire, tsunami, industrial accident

— Demo format: 1 team in the crisis room generating the alert, 1 team outside
with the smartphone waiting for the broadcast

< ¢

 Message format specification available* COUMON a1y e e

LERT ME
= S.
ORMAT SPECIFICATION

— Joint effort EU-Japan (Galileo-QZSS)
— Instructions available in 24 languages

Introduction of the capacity in the Galileo system

— Connections of civil protection agencies to Galileo + national tests: on-going as
we speak !

— Service declaration: 2025

 Smartphone app’ available in 2025 (Android + iOS)

* https://www.gsc-europa.eu/electronic-library/programme-reference-documents#EWSS -




INTERNATIONAL COOPERATION (1)

= EC supports standardisation efforts of GNSS-based alert service

» Continue cooperation with Japan/QZSS + extend to other interested GNSS
nations

» Develop receiver standards to ease adoption in markets

= Regular coordination with United Nations initiatives & bodies
» UNESCO International Oceanographic Commission
» EWA4ALL programme (WMO, ITU, UNDRR)
» Panel at COP28
» |ICG (annual meetings, workshops)

= Contribution of partners constellations under assessment

» Opportunity to alleviate limitations: more bandwidth, free text, higher
signal power, etc




INTERNATIONAL COOPERATION (2)

NAVIGATION MADE IN EUROPE

= Use of Galileo EWSS solution at the benefit of 3rd parties is under
assessment at EU level

* Take advantage of global coverage of Galileo for saving lives

* Need to identify a unique operational interface for triggering an alert
LAt EU level ? At UN level ?

* Operational concept to be further studied (who, how, liabilities, etc)

= SUNSHINE project just started (January 2025)

* Promote a mindset in national civil protection authorities to use the space
component for disaster prevention and management
O Training on use of space capacities in the field of disaster management
L EWSS simulation exercises with civil protection community
0 On-site technical assistance to help integrate EWSS in national alert systems
0 Assessment of opportunities and cooperations

STAY TUNED IN 2025 !




SUMMARY

= Service coverage: Global
= Robust to disasters: no terrestrial base station
= Multi-language alert service: thanks to the use of libraries

= GNSS-based positioning in the user equipment enables
geofenced message limited to the devices in affected area
> Size of alert area: diameter 50 m < @ < 5000 km
» Precision: that of GNSS !
= Time to disseminate: ~ 1 minute
= No dedicated, exotic equipment needed: GNSS-enabled device
with a screen is sufficient
» Mobile (smartphone, car navigator, handheld)
» Stationary (billboard, digital panels, bus stop, subway station, etc)

* By nature, a subject for international cooperation...




National
A_g_'_»_h__s'_'_‘.‘lif-\

THANK YOU
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