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Galileorelaterade aktiviteter

Nulédge for uppbyggnad och drift av Galileo
och EGNOS, samt
utformning/beslutsprocess for nésta
generation Galileo-satelliter och nya
generationen EGNOS

Fornyade testmétningar med Galileo

Hur fungerar PPP och 6versikt Gver globala
PPP-tjanster

Hur kan vi dra nytta av Galileo Commercial
Service (CS) i Sverige

Kaffe/tepaus

Ligesrapporter for pagaende projekt och
aktiviteter inom PNT-omradet

Nulédgesrapport for projekten NPAD
(Network-RTK for Automated Driving) och
PROPART (Precise and Robust Positioning
for Automated Road Transports)

STRIKE3 — En resumé av vad som gjorts
och vad som vi har hittat

AOREF — AstaZero Referenssystem for
positionering

Begreppet Integritet

PNT-relaterad FoU vid
universitet/hogskolor

Chalmers/RISE

KTH

Prototyp for RNNs web-sida. Kommande
seminarier/konferenser inom PNT-omradet
och aktiviteter for 6kad samverkan och
forbattrat informationsutbyte inom PNT-
omradet.
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Hur kan vi dra nytta av Galileo
Commercial Service (CS) | Sverige

Jan Johansson
Chalmers University of Technology
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: Android GNSS Raw Measurements and Galileo Hig
~ Accuracy Service

Martin Sunkevic, European GNSS Agency

AJ Al AJC . o~ | & Iy - ~rtrimits ~ ¥ - T A
RNN s New GNSS Signals seminar — opportunities for new PNT
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appilications and improved robustness
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Satellite-based navigation

Signal
g Satellite orbits

& clocks

lonosphere
Troposphere

Distance > 20 000 km

Antennas and hardware

Received power (minimum): Satellite power: P+ =27 W

P, =10-1W = -130dBm = - 160 dBW - Antenna Gain: G ~ 10 dBi
Transmitted power ~ 250 W
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2) Perturbations

Satellite clocks -

Correlation lensth

» Is it possible to make
operative decisions based
on our knowledge of the
perturbing sources?

— Distance to a reference

indicates how error sources
will affect observations

— At what distances can we
(in general terms) neglect
an error source and possibly
change solving strategies?

— How long time between
independent observations?

e Disclaimer:

— Indicates the error source in
space and time, not the
magnitude of the error

— For guidance only

Ref.
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Galileo is the European GNSS offering a
wide range of services

‘M Open Service (0S)
. Freely accessible service for A
. N . . . . 05-Navigation Message
positioning, timing and navigation message authentication (OS-NMA) =g ‘ Authentication (OS-NMA)

Public Regulated

. Encrypted service designed for greater robustness and
Service (PRS)

higher availability

. Assists locating people in distress and confirms that help is on : Search and Rescue

the way Service (SAR)

. Freely accessible high accuracy positioning service High Accuracy
Service (HAS)

. Authentication service based on the E6 signal code encryption, Signal

allowing for increased robustness of professional applications Authentication
Service (SAS)

Department of Space, Earth and Environment Onsala Space Observatory



CHALMERS Chalmers University of Technology

Galileo Signals —
frequency Data
10 naV|gat|0n Slgnals are transmltted Signal Modulation (MHz) /Pilot OS |SoL |CS |PRS
E5a-I BPSK(10) 1176.45 Data
_ E5a-Q BPSK(10) 1176.45 Pilot
OS : Open Service E5b-I BPSK(10) 1207.14 Data
CS: Commercial service ESHQ  |BPSK(10) 1207.14 Plot
. . . E6-A BOC(10,5) 1278.75 Classified
PRS: Public Regulated Service CoB BPSK() 177875 Data
SoLrSarcyy of Lire E6-C BPSK(5) 1278.75 Pilot
L1-A BOC(15,2.5) 1575.42 Classified
L1-B BOC(1,1) 1575.42 Data
L1-C BOC(L,1) 1575.42 Pilot
E6 E2 L1 El
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Signal-in-Space Error + User Error
=> UERE

SISEgiobalaverage = \/0.96?3 -R2 4+ CLK? +0.01632- (A2 4+ (C?)+ 1967 -CLK -R

**** ~——  UERE = VSISE>+UEE’

o e

Signal In Space Ranging Error (SISE) 067
Residual lonosphere error 6 (5°) -3 (90°)
Residual Troposphere error 135 (5%) - 0.14 (90°)
Thermal noise, Interfer, Multipath 0.35 (5°) - 0.23 (90°)
Multipath bias error 059
Satellite BGD error 030
Code-Carrier lonospheric divergence error 0.30

Total (1-sigma error [cml]) 6.26 (5°) - 3.10 (90°)

Fiue 6. SISE projection ot the i of bt for ek Table 23. Single Frequency E1 - Rural Pedestrian (RP) User
user location Environment [-}
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SISE Global Average for
each Satellite
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UERE Calculations —

El and E1/E5a

Signal In Space Ranging Error (SISE) 067 Signal In Space Ranging Error (SISE) 067

Residual lonosphere error 6 (5°) -3 (90°) Residual lonosphere error 0.08 (5°) - 0.03 (207)
Residual Troposphere error 1.35 (5°) — 0.14 (90°) Residual Troposphere error 1.35(5%) - 0.14 (907)
Thermal noise, Interfer, Multipath 0.35 (5°) - 0.23 (90°) Thermal noise, Interfer, Multipath 046 (5°) - 0.13 (90°)
Multipath bias error 059 Multipath bias error 019

Satellite BGD error 030 Satellite BGD error 0.0
Code-Carrier lonospheric divergence error 0.30 Code-Carrier lonospheric divergence error 0.0

Total (1-sigma error [cm]) 6.26 (5°) — 3.10 (90°) Total (1-sigma error [cm]) 1.59(5°) - 0.72 (907)
Table 23. Single Frequency E1 — Rural Pedestrian (RP) User Table 24. Dual Frequency E1-E5a - Rural Vehicle (RP) User

Environment (*) Environment (*)
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Commercial Service goes for FREE

* As per EU GNSS regulation, Galileo foresees a Commercial Service (CS)
offered for a fee for professional apps

* In early 2017, the EU adopted a Decision (Implementing Decision
2017/224) defining the fee-based CS as High Accuracy Service (CS-HA) and
Authentication. CS-HA was foreseen to be based on commercial,
proprietary format, not under Galileo’s responsibility

* However, new circumstances taken into account: high accuracy broadening
towards the mass market and being offered for free already by satnav
providers and other public entities.

* Re-assessment process has culminated in an amendment to the Decision
(Implementing Decision 2018/321), to redefine the High Accuracy service
and provide it for free.

Department of Space, Earth and Environment 11 Onsala Space Observatory
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Overview of signals )
Open service / High Accuracy Service / E6 ranging H E

Service Signal Spreading code Data

_ Unencrypted
0S single frequency _
1

Yes I/Nav

Elc Unencrypted
E Unencrypted

HAS Unencrypted Yes C/Nav

SAS Encrypted

Signal ‘

Authentication

Department of Space, Earth and Environment 12 Onsala Space Observatory
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HAS will be offered for free and using standard
format

* High accuracy (PPP) corrections provided in the Galileo E6-B signal
component (= no need for additional communication channel) -

» Satellite orbits 1278.75 MHz
» Satellite clock corrections | signal | E6B

. a Min. P -158 dBW
* Code biases for multi-frequency n. Tower
. | . | . f : Modulation BPSK[5)
L]
Signa ,n"cnrrectlon.qua ity information 5155 Meps
* Phase biases (TBC) 1ms
+ lonosphere in EU (to be confirmed) 1000 sps
» Corrections will be disseminated for (E1, E5a, E5b, E6b, E5(TBC)) and L. 492 bys
P ( - - - 448 bps (18C)
GPS (L1, L2, others TBC), and in the future potentially for other GNSS -

Data Coding FEC, as per Galileo 0% 515 ICD, + interleaving 123 x B
* Global coverage when fully operational, partial coverage before (EU Spreading
will be wavs included) Code
will be always |n|_IIL|dn:d_.| | | | Encryption o
* HAS data transmitted for free, based on (used as a starting point) open | Data Format | TBD, but based on an open ICD.
standard format RTCM CSSR (currently under definition) - Orbit and clock corrections, code and phase biases,
I . . . . Data (TBC) SOM, flags, ionospheric information,
*  “target horizontal user error around two decimetres’, depending not

only on user receiver, algorithm and environment (currently under
definition)
= HAS distribution via terrestrial network (under consideration)

Department of Space, Earth and Environment 13 Onsala Space Observatory
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Simulations of the PPP performance in terms of the horizontal (red) and vertical (blue)
coordinate error as a function of the quality of the observables.
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Natverks-RTK PPP Hybrid: PPP-RTK

Virtual Reference Master-Auxiliary
Station (VRS) Concept (MAC)

anor och klockor
+faskorrektioner)
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GNSS Applications (High-precision)

Full GNSS signal package => codes and carriers

Real-time positioning and navigation
* Surveying, Machine guidance, Agriculture
* Space missions, Remote sensing

Time and frequency
* Communication networks
* Electrical power grids

Atmospheric remote sensing
* Ionosphere TEC, Troposphere

Monitoring, Geodesy and Geophysics S 4
* Important infrastructure e.g. bridges
* Tectonic plate motion, Sea level

Department of Space, Earth and Environment 16 Onsala Space Observatory
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Beidou orbits

Interoperability with other GNSS

* Global Navigation Satellite Systems (GNSS)

United

GPS States CDMA 20 200km, 12.0h 227 |operational, 2014: 32 sat
GLONASS Russia FDMA 19 100km, 11.3h 24 operational, 2014: 29 sat
Galileo Europe |CDMA |23 222km, 14.1h 227 |in preparation, 2014: 6 sat
GEO (5) + . ) .
Compass/Beidou  |China  |CDMA  |1GSO (3) + 35 | InPpreparation, 2014: 14 sat

MEO (27)

GEO: Geostationary Earth Orbit
IGSO: Inclined Geo-Synchronous Orbit

MEO. Medium Earth Orbit e
I I i i Mon '
e Regional Satellite Navigation Systems a2z
el
Number Chifta [
System | Country Frequency Orbital helght & of Status \ /
perlod . LsARA Tl /
satellites Thalland /
QZSS Japan L1, L2, and L5 HEO 4 in preparation, 2014: 1 sat /
) GEO (3) + . . ) B Sule
IRNSS |India L5 and S-band IGSO (4) 7 in preparation, 2014: 1 sat Indoleh w pagas nev
lian /
& / Australia

e Regional Satellite Based Augmentation Systems (SBAS): |

— WAAS(US), EGNOS (EU), MSAS (Japan) and GAGAN (India).
IGSO ground track
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