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Deployment / Exploitation Plan
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Galileo constellation Status
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g2 Relative RAAN Search and Rescue Payload
(15 Operational)

g— 2 out of 22 satellites with no
= SAR Transponder (by design)

A8 4 under commissioning
AB  Lspare

Plane A Plane B Plane C @ 4 unoccupied reference slots

ESA UNCLASSIFIED - For Official Use

| Slide 4

— 0l b E= ™ LI W= T Il D D R B3I T EEEE i ¥ European Space Agency



Constellation Satellites

S/C Prime Contractor Astrium GmbH
(now Airbus Defence & Space)

4 satellites — 4 In-Orbit

Mass at Launch 700kg

Power Consumption  1420W

Dimensions 2.7x16x145m
Orbit Injection Direct into MEO orbit
Attitude Profile Yaw Steered

S/C Prime Contractor OHB Systems GmbH
% P/L Prime Contractor SSTL Ltd

. 22 satellites — 18 In-Orbit

Mass at Launch 733kg

Power Consumption 1900 W

Dimensions 25x1.1x14.7m
Orbit Injection Direct into MEO orbit
Attitude Profile Yaw Steered
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> GALLEO GROUND SEGMENT _ £
OVERVIEW P e P l

Svalbard

Reunion

Shherg et CNES, Toulouse

Maspalomas -
L - Canary Isalands)gsl 3 Larnaca, (Cyprus]

-

\% 3 A Ld
4 LEGEND D .

Papeete 4
. GCC: Ground Control Centre g 2
P ' GSS: Ground Sensor Station F:f £ v
2 @ ULS: Uplink Station R Falkland Islands Kerguelen s i '
. TTCF: Telemetry, tracking and Command -

@ SAR MEOLUT: Search and Rescue -
Medium Altitude Earth Orbit Local User Terminal

‘ GSMC: Galileo Security Monitering Centre

@ TGVF: Timing and Geodetic Validation Facility

@ IOT: In Orbit Test Centre

@ LEOPCC: Launch and Early Operations Control Centre

European Space Agency

Status; March 2013



Ground Segment Status dcesa

Current GCS Operations
GCSv2.1.2 deployed at GCC-D and -I
Spacecraft control automation
26 satellite capability
TTCF-6 (Papeete) operational
Inter-GCC synchronisation

Current GMS Operations
GMSv2.1.1 deployed at GCC-D and —I
Dual GSS Chains deployed on all sites
PTF upgrade deployed at GCC-D
6 additional ULS Chains
Inter-GCC synchronisation
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As-observed Ranging Performance @i‘esa
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* Decreasing Ranging Error trend due to increasing number of Satellites and G/S improvements
* Ranging accuracy (95%) 0.43m all satellites, 0.56m worst satellite in November 2017
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Positioning Performance & Availability

« 14 satellites usable

—
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* 86% Availability of H Accuracy <10 m

« 72% Availability of Global PDOP <=6

15

10 [

-10 |

Horlzontal Error S-N [m]

RMS: 1.34 m

B 95%: 2.51 M —

-15 -10 -5 0 5 10 15
Horizontal Error W-E [m]

Dual Frequency Horizontal Accuracy measured by

global Receiver Network (10 — 13 Dec. 2017)
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FO17-10-OFFESal 1-30-FHAV, bin Hace POOP{=6 (mean values, percentile; 100%), min; 1,8578, mean; 2,75792, max; 2,53227
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(when PDOP <= 6) | Stide

— European Space Agency

i 5 I+l



Positioning Performance & Availability
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4 more satellites operational in Q3 2018

Satellites in operational constellation: 14 - 18
Availability of H Accuracy <10 m 86% -2 96% (Average User Location)

Global PDOP <:6 availability 73% -2 95% (Average User Location)
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150 100 0 o 5 100 150 150 100 50 o 5 100 150
Longitude Ldegl  {c) Longitude [degl  {c) ALK

Availability of Horizontal Posmon Accuracy < 10 m for 14 satellites (left) and 18 satellites (right)
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Increased Availability of Positioning :esa

Horizontal Dilution of Precision (3)
25 30 35 40 45 50

Horizontal Dilution Of Precision

L8: 4/74/7

L8+L3: 4/74+2/7

N o Lll_9+L3 8/8+2/7
I ~1ou -150 =90 =60 20 i)
Central European User (@ 5deg masking)
Launch Constellation Availability of PVT Opportunities over 10 days/ 'L_9+L3' 8/4+2/7
configuration PDOP <5 average duration
L8 41417 79.6% 7412.58 hrs
L8 +L3 4/4[7+2 86.0% 62/3.33 hrs
L9 8/4/7+2 99.8% ~ 4/59.89hrs . ‘ |
(-—8 min average time with insufficient geome[ry) 0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960 10201080114012001260132013801440
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Timing Accuracy and Availability
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UTC(SIS)-UTCr offset (ns)

01-Dec-2016 until 30-Nov-2017
40 T

30 1

20

20 +

-30 +

—40 T T T T T T T T T T T T
01/12/16 31/12/16 30/01/17 01/03/17 31/03/17 30/04/17 30/05/17 29/06/17 29/07/17 28/08/17 27/09/17 27/10/17 26/11/17

* Overall very good performance of 8.9 ns (95%)
« Initial Services target: 30 ns (95%)
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Galileo-GPS Timing Interoperability

GGTO(SIS)-GGTO offset (ns)
01-Dec-2016 until 30-Nov-2017

bility

-40 T T T T T T T T T T T T
011216 3112116 30/01/17  01/03/17 ~ 31/03/17 ~ 30/04/17 ~ 30/0517 ~ 29/06/17 ~ 29/07/17 ~ 28/08/17 ~ 27/09/17 ~ 2711017  26/11/17

« GGTO long term accuracy 7.0 ns (95%)
* Initial Services target: 20 ns (95%)
Well above the 80% Initial Services availability target
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GALILEO
INn Use
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ENGLISH (EN)

USEGAL|LEO EU

FIND A GALILEO-ENABLED DEVICE TO USE TODAY

Galileo is Europe's Global Satellite Navigation System (GNSS),
providing users with improved positioning and timing information.

Click on the icons to find Galileo-enabled devices.

@ & =

ON THE ROAD ON THE WATER ON THE TRAIN

ON THE MAP

DURING AN

GOING MOBILE ON THE FARM EMERGENCY
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Multi-GNSS Single

Number of Galileo-enabled
smartphones growing...

Brand Type Brand
Apple iPhone 8 Plus Huawei
Apple iPhone 10/X Huawei
Apple iPhone 8 Huawei
bg Aguaris V Plus LG

bg Aguaris V Mediatek
BQ Aquaris X5 Plus Mediatek
BQ Aguaris X Motorola
BQ Agquaris X Pro Oneplus
Google Pixel 2 Samsung
Google Google Pixel 2 XL Samsung
Huawei P10 plus Sony
Huawei Mate 9 pro Vernee

Type

P10

Mate 10 Pro
Mate 9

V30

Meizu Pro 7 Plus
Meizu Pro7
Moto X4
Oneplus5

S8+

S8

Kperia XZ Premium

Apollo 2
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Frequency interoperability\\\&\ﬁiesa

GPS Test
STATUS
\

- *E08
*EO07 #E30

QZS * (QZ0) / ™ (GEQ) 193~201 s i
8DS ® (NONGED) / ® (GEO) CO1~C36 Select Satellite

HDOP:1.09  Visible GNSS: 7
VDOP:1.46 QZS:0  GPS:0
BDS:0  GAL:7

Time : 2017/10/13 20:50

UTC : 2017/10/13 18:50 Reset

=

Example: Samsung S8+

= == 0 11 T 2= KX
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GPS Test

STATUS
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First mass-market dual frequency GNSS receiver Q\k €eSd

€ BROADCOM

14 operational Galileo
satellites (E1/E5)
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+ 12 operational GPS Block IIF

World’s first mass-market, dual frequency GNSS receiver device for smartphones

Usage of E1/L1 and E5/L5 frequencies benefit from better accuracy, ionosphere
error cancellation, improved code tracking pseudorange estimates and faster
transition from code tracking to phase tracking

Provides lane-level accuracy with minimal power consumption and footprint
enabling high-precision LBS applications, including lane-level vehicle navigation
and mobile augmented reality (AR)

Future GNSS/RNSS common frequencies, showing
the potential of E5a/L5 and of E1/L1 combination

LS /L5OC /ESa
/B2a

L2/L2C/L20C E6 /LEX L1 /L10C/EY

/B1

satellites (L1/L5) GPs

GLONASS
Galileo
BeiDou
QIZss
IRNSS

129

== Frequency band used by the system, with N = number of satellites
= Frequency band not used by the system

bt
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Short-Term
Plans

GALILEO
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System Build 1.5.1 (2018) d:esa

SB1.5.1 will bring major benefits to Service

provision:
» Improvement of business continuity
» 2 fully redundant systems at control center level
» Introduction of GSF (security monitoring and virtual POCP)
» Introduction of GSC
» Operability improvements

» SB1.5.1 is the core infrastructure to support
Enhanced Services
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System Build 1.5.1: Ground Segment \\\\“““ ceSa

Capability to operate up to 26 satellites from GCC-D and GCC-I

Dual GCC and GSMC Operations

« GCC-D: GCS2.2 and GMS2.2.1

« GCC-1: GCS2.2, GMS2.2.1 and SOIF

« GSMC-#1 and GSMC-#2: GSF2.2.1 and SOIF

Improved Ground infrastructure robustness

 6th TTCF in Papeete

* ULS network expansion reaching 4 antennas in Kourou, Reunion, Noumea and 2
antennas in Papeete and Svalbard

» Extra receivers at GSS locations to ensure full redundant GSS

» Dual-redundant GSS-PTF chain

e Dual-redundant GST generation chain inside the PTF

 PTF combined receiver

SAR Return Link Message capability
Capability to support High Accuracy Service demonstration

e CS data dissemination real time broadcast capability
» Connection to GSC
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Additional Satellites (16 SVs)

FOC-M8 (L10 Ariane-5 25/07/18)
FM19 in OHB Bremen
FM20 in OHB Bremen
FM21 in OHB Bremen
FM22 in OHB Bremen

{=esa

Batch-3 Satellites (12 SVs)

Signature and kick off of Batch-3 -
baseline contract with OHB (8 satellites) v 4

Industrial Production Status Review
close-out on-going

Procurement of 4 additional
Batch-3 satellites (options) initiated

Launch end 2020 onwards
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System Build 2.0 / 2.1 (2020 onwards)  {zesa

 Open Service Full Operational Capability (mass market)
 OS Navigation Message Authentication

 SAR Full Operational Capability

« Commercial Service (High Accuracy)

 PRS Signal- in- Space Evolution

 PRS Point of Contact Platform to interface Member States

* Cyber Security Monitoring
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Conclusions Q‘“ @Sa

- 22 satellites in orbit
 Proven Accuracy of Positioning and Timing
« Galileo has entered the Single Frequency mass-market
e Galileo is the de facto standard for Dual Frequency applications

- Ground Segment deployment continues in 2018 to support stable
and continuous availability of Galileo Signal-in-Space to users

- 4 additional SVs to be launched in 2018 and Procurement of additional
3rd Batch of 8+4 satellites initiated (38 satellites in total)
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