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Summary

1. Introduction

2. Metadata information to correct phase measurements

Antenna Phase Centre Offset (PCO)
Antenna Phase Centre Variation (PCV)
Antenna Reference Point (ARP)
Centre of Mass (CoM)

User direction (attitude)

3. Galileo Metadata and IGS
4. Conclusions
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Introduction — Metadata for NAVANT correction \
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82~Phase Centre Offset
(E1, E5a, E5b, E5, E6)

O —Antenna Reference Point

Centre of Mass &=
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hase Centre Variation
(E1, E5a, ESb, E5, E6)
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Static

— Dynamic
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Antenna - types {zesa

Two antenna types
GSATO01xx - EADS CASA GSATO02xx - Thales Alenia
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Antenna — chamber calibration

®
7
Q)

« Individual for each navigation antenna by manufacturer
» Directional in azimuth (®) and nadir (0)
« Each single frequency bands (E1, E5a, E5b, E5, E6)

%
7

Y

Phi Stage

Azimuth

Stage
Elevation
Positioner

[
Y

[77 Sub-System ARC BOX

B Controller | RF Sub System
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Antenna - Phase Centre offset (PCO) {zesa

Farfield Sphere
Segment with

Radius r around Cwmre(a) from
MRP measurements
in constant
dlsta“:;epfrom Cp (0!, 7') — CMRP(a)+ r
R(a,)
—> > 7 A
R(a) r R(a):r—dor(a)
R(a) . - - ~\\ 2
o= ~(Cunr(0,0)-5in 0-cosp) Minimize res(d) = <<CPCO (a,d))z > - <CPCO (a, d)>
<sin2 - cos’ (p>
gy ~(Cunr(0.0)-sin0-sin) « with Crco (a,d) =Cyppl@)+d o)
<sin29-sinz¢>
MRP o (Cnr(0.9)){056) = (o (6.9)-c050) <> (weighted) averaging over « (field of view)
; (<cos2 49> —(cos 6’)2)
PCO
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Antenna - Phase Center Variation (PCV) \\\&‘%esa

« Azimuthal values [0°,360°]
e Zenith values from 0° to 14° (GSATO01) and 20° (GSAT02)
« All 5 single frequencies

GALILEO-1 Ell E101 2011-060A TYPE / SERIAL NO
CHAMBER ESA 1 09-FEB-12 METH / BY / # / DATE
2.0 DAZI
0.0 14.0 1.0 ZEN1 / ZEN2 / DZEN
5 # OF FREQUENCIES
GALILEO-2 E18 E201 2014-050A TYPE / SERIAL NO
CHAMBER ESA 1 12-FEB-16 METH / BY / # / DATE
5.0 DAZI
0.0 20.0 0.5 ZEN1 / ZEN2 / DZEN
5 # OF FREQUENCIES
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Antenna - Phase Center Variation (PCV)
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« Azimuthal values [0°,360°]
« Zenith values from 0° to 14° (GSATO01) and 20° (GSATO02)

« All 5 single frequencies
4 w w w w w w w

—— GSAT0101 (IOV)
— GSAT0201 (FOC)

[millimetres]
N
I

1
0 2 4 6 8 - 10 12 14 16 18 20
ESa Nadir angle [deg] /2017| Slide 8
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Antenna - PCV Azimuthal components \\\\\t-;esa

FM3-Sat: E5_Al_Pattern_IOVFM4_|dealBrick¥Wall_DotPP___Correctedlinear_Vv224.mat

it: E5_ABOC2_AQ_BQ_Pattern_IOVFM4_|dealBrickWall_DotPP___Correctedlinear_V254.r FM3-Sat: E5 Bl Pattern IOVFM4 IdealBrickWall DotPP  Correctedlinear v224.mat /
p2p: 1.34, mean: -0.00, sigma: 0.28 cm 2p: 1.4, mean: -0.00, sigma: 0.23 cm - - p2p: 1.27, mean: 0.00, sigma: 0.27 cm
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o P {028 20
g s s
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04Q 040 Q
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FM3-Sat: E6_B_Pattem_|IOVFM4_ldealBrick¥Wall_DotPP___Correctedlinear_v228.mat

3-Sat: L1_CBOC_C_Pattern_IOVFM4_ldealBrickWall_DotPP___Correctedlinear_Vv228.mat "
p2p: 1.47, mean: -0.00, sigma: 0.31 cm

p2p: 0.69, mean: 0.00, sigma: 0.12 cm

770, N
260 270, 280 @#Cx- 02em 0.3 260 270, 280 @wCx=0tcm
250 <7 T4 <Y om0 oy gDom 250 . 20 oo .

240 300  gpcz- soem

0.2

=36 ns)
o
=

=36 ns)

0.1

[
[N]

£ £
5 0 E
‘”133 -0.2&?
023 s
3 3
8 Ji
03
-137 86 -35 16 67 118
[mm]
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Antenna Reference Point \\\&Q\;esa
- Antenna integrated on body frame -nn

: _ _ GSATO 1375.5 600.0 1100.5
* Physical point on the satellite [mm] 1

GSATO 140.0 0.0 1215.0

NN

=7 = @f"r £
1A A

ESA UNCLASSIFIED - For Official Use ESA | 05/07/2017] Slide 10

— 01 he =™ 4 == "] — = = i1 = == > S I L European Space Agency



Centre of Mass — dry measurement in stow \\\&\;esa
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Centre of Mass - tank filling \\\Qﬁiesa
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Centre of Mass — Solar array deployment \\\Qﬁiesa

1)
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Centre of Mass - Values

« Dynamic information, with value after any maneuver sent to ILRS
 Agreement between S/C well below 1 cm

1206,0 - 320 - m-01
1205,8 * 310 N
E 1205,6 £ 300
x 1205,4 £ 290
x ,
X * o ¢ % 280
1205,2
270
1205,0 1 260 ‘ .
695 696 697 698 650 660 670 680 690 700 710 720
Mass [Kg] Mass [Kg]
ESA UNCLASSIFIED - For Official Use ESA | 05/07/2017]| Slide 14

— 0l he s ™ 4 W= T Il D R = B3I TS EER m ¥ European Space Agency



User direction - Attitude \
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« Azimuthal correction requires Satellite yaw modeling
« Orientation accuracy better than ground antennas!

GSAT0101: Noon-turn maneuver ) ) )
30 L ! L GSATO101 tracks into satellite antenna coordinate system, L1BC-E5S

-~ Nominal yaw model

- Modified yaw model = e N
o Estimated yaw (RPP) G ﬁ@ﬁaﬁﬁ@ Bt

£
[?df

-120 &

~150 *‘Ff
MMMD

-180 =&

Yaw angle [deg]
|
©
o

-210
01:50 02:00 02:10 02:20 02:30 02:40 02:50 03:00 03:10
2016-01-03

1 Source: F.Dilssner, Galileo IOV Spacecraft Metadata and Its Impact on Precise Orbit Determination, EGU2017
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Metadata versus IGS

= ()
o» | Phase Centre Variation

Ionosphere-free (E1-E5a)
O (5, _ —
-
© \
[
>
§ -

Centre of Mass
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Metadata versus IGS

| Galileo (GSAT_wwww.atx) IGS (IGS14.atx)

Source

Types

Frequencies

Static data

Dynamic data
Frame
Attitude

ESA UNCLASSIFIED - For Official Use
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Measured on ground
Per single Satellite

Single Frequency

{cesa

Estimated in space

per family
(IOV,FOC-L3,FOC)

Ionosphere-free

(E1,E5a,E5b,E5,E6) (E1-E5a)
PCV - PCO (6,9) PCV - PCO (6) =0
PCO - ARP
ARP - SRF
CoM - SRF PCO - CoM
Satellite Reference Frame Antex
Normal + Modified Normal
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Metadata versus IGS

« Estimated in Space using NAPEOS versus measured on ground
« Accuracy of estimated in space affected by models accuracy (e.g. SRP)

0,2
0,15
0,1
0,05

L 4

Metre

-0,05
-0,1
-0,15
-0,2
-0,25
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Summary and conclusions

Metadata for Galileo antenna phase center corrections

+  Antenna Phase Centre Offset (PCO), Variation (PCV) and Reference Point (ARP)

. Satellite Centre of Mass (CoM) and Attitude (user direction)

Benefit

. Tie GNSS phase measurements consistently to the spacecraft CoM

. Especially relevant for GNSS-based realization of terrestrial scale, independent of SLR/VLBI
. Galileo is the first GNSS disclosing the full range of metadata for each antenna and carrier frequency

. Radial antenna offsets for other GNSS become accessible without the need to adopt any external scale
Status

* GSATO1 released during Initial Service Declaration (Dec-2016)

+ GSATO02 under release process.

Recommendation

« ANTEX format update to handle COM / ARP

Location

» https://www.gsc-europa.eu/support-to-developers/galileo-iov-satellite-metadata#2

» https://ilrs.cddis.eosdis.nasa.gov/missions/satellite  missions/current missions/ga0l1 com.html
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Introduction - request by IGS

Requested by Scientific community
« Galileo scientific advisory committee (GSAC)
« International GNSS Service (IGS)

® navigation antenna phase center offsets in the body-fixed reference
frames w. r. 1. the satellites’ centers of mass for each carrier frequency
and for all Galileo satellites (together with the definition of the body-
fixed reference frames).

* artitude models for the Galileo satellites (which are of particular
importance, if the antenna phase center is not located on the axis
connecting the satellite’s center of mass with the center of mass of the
Earth).
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International GNSS Service

Formerly the International GPS Service

1GS Goveming Board Members:
Urs Hugentobler, Germany
Chairman
Zuheir Altamimi, France
IAG Representative
E. Felicitas Arias, France
BIPM/CCTF Representative
Claude Boucher, France
1ERS Representative
Carine Bruyninx, Belgium
Mark Caissy, Canada
Yamin Dang, China
Shailen Desai, USA
Bruno Garayt, France
1GS Reference Frame Coordinator
Jake Griffiths, USA
Analysis Center Coordinator
Christine Hackman, USA
Gary Johnston, Australia
Andrzej Krankowski, Poland
Ken MacLeod, Canada
Chuck Meertens, USA
Oliver Montenbruck, Germany
Ruth E. Neilan, USA
Director, IGS Central Bureau
Carey Noll, USA
James Park, Soath Korea
Chais Rizos, Australia
IAG President
Ignacio Romero, Germany
Stefan Schacr, Switzerland
Ralf Schmid, Germany
Tilo Schone, Germany

Tim Springer, Germany
Richard Woanacott, South Africa
Marck Zibart, United Kingdom

Prof. Dr. Urs Hugentobler
Institute for Astronomical and Physical Geodesy
Technische Universitit Miinchen

Arcisstrasse 21

D-80333 Munich, Germany

Tel: 49.89-289.23195
Fax: 49-89-289-23178
E-mail: de

20. August 2012
Mr. Paul Flament
Galileo Programme Manager
European Commission
Enterprise and Industry Directorate
Rue de Mot, 28
B-1049 Brussels

cc: Gerhard Beutler, Bertram Arbesser-Rastburg

Dear Mr. Flament,

Prof. Gerhard Beutler, Chair of ESA's Galileo Science Advisory
Committee (GSAC), requested in his letter of October 13, 2011 access to
meta data related to the Galileo satellites and sensor stations for the
scientific community. On behalf of the International GNSS Service (IGS)
I strongly support this request and would like to add a few remarks from
the IGS perspective.
The information and data requested by Prof. Beutler are essential for the
precise modeling of observations and orbits of the Galileo satellites, for the
i and i P i ion of Galileo products into the
highest quality products of the IGS, and for a consistent alignment of
terrestrial reference frames. Our products serve Earth system research,
hazards detection, and many more applications relevant to society as a
whole.

The list provided by Prof. Beutler represents in essence a complete list of

the required i ion. From the IGS perspective the ing subset of

information is needed urgently in the nearest future. This information is

crucial for a correct high precision modeling of the Galileo observables, in
i for the i ination of satellite clock corrections:

® navigation antenna phase center offsets in the body-fixed reference
frames w. r. t. the satellites” centers of mass for each carrier frequency
and for all Galileo satellites (together with the definition of the body-
fixed reference frames).

attitude models for the Galileo satellites (which are of particular
importance, if the antenna phase center is not located on the axis

hup:/figs.org

the satellite’s center of mass with the center of mass of the
Earth).

The IGS would be most obliged, if the above information could be made
available to the scientific community with highest priority.

Sincerely yours

L

Prof. Urs Hugentobler
Chairman
IGS Governing Board

] European Space Agency



Antenna - PCV Azimuthal components GSATO1 \&\“\i

FM3-Sat: E5_Al_Pattern_IOVFM4_|dealBrickWall_DotPP___Correctedlinear_v224.mat

it: E5_ABOC2_AQ_BQ_Pattern_IOVFM4_|dealBrickWall_DotPP___Correctedlinear_V254.r FM3-Sat: E5 Bl Pattern IOVFM4 IdealBrickWall DotPP  Correctedlinear v224.mat v
p2p: 1.34, mean: -0.00, sigma: 0.28 cm p2p: 1.47, mean: -0.00, sigma: 0.29 cm - - - p2p: 1.27, mean: 0.00, sigma: 0.27 cm
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p2p: 1.47, mean: -0.00, sigma: 0.31 cm

p2p: 0.69, mean: 0.00, sigma: 0.12 cm
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Antenna - PCV Azimuthal components GSATO02 \\\\g\-
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Antenna - chamber calibration
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Antenna correction information from Galileo

« Four components

Phase Centre Variation
(E1, E5a, E5b, E5, E6)

* Five frequencies
« Ground calibrated

Antenna Phase Centre L. Static
(E1, E5a, E5b, E5, E6)

O —Antenna Reference Point

Centre of Mass <, _
= Dynamic
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Antenna correction information in IGS

« Two components

Phase Centre Variation
Iono-free (E1, E5a) = Static

« Iono-free
« Computed from POD

Antenna Phase Centre =
Iono-free (E1, E5a)

Centre of Mass 4; _
Dynamic
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Antenna correction information from Galileo

82~Phase Centre Offset
(E1, E5a, E5b, E5, E6)

7

Centr

e of Mass &

Antenna Re

ference Point
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hase Centre Variation
(E1, E5a, ESb, E5, E6)
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— Dynamic
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Metadata content
Requested by

N~
()
(dp)
Q

. Galileo scientific advisory committee (GSAC)

. International GNSS Service (IGS)

Status

+ Galileo IOV Satellite Metadata released during Initial Service Declaration (Dec-2016).
+ Galileo FOC metadata to be released (Q3,2017).
Content

+ Attitude Law

+ Mass and Centre Of Mass evolution

+ Navigation Antenna Phase Centre Corrections

+ Geometry and optical properties

» Laser Retro Reflector Location

+ Satellite Group Delay
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Metadata location
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https://www.gsc-europa.eu/support-to-developers/qgalileo-iov-satellite-metadata#2

https://ilrs.cddis.eosdis.nasa.gov/missions/satellite _ missions/current missions/ga01 com.html

=

International Laser Ranging Service _ [ Search |

Aservice of the International Association of Geodesy
IAG | GGOS

Technology

Global Navigation

Nl O\ Ty

Satellite Systems |rformation
Agenc .
geney European GNSS Service Centre
e Galileo-101 and -102 center-of-mass can be found in the Galileo-101 and 102 ILRS SLR Mission
al information for Galileo FOC satellies (beginning with Galileo-201) can be found here.
GALILEO & GSC | GNSS MARKET & | SYSTEM | ELECTRONIC MULTIMEDIA
OVERVIEW APPLICATIONS STATUS LIBRARY & NEWS
GALILEO GALILEO GALILEO
HELP DESK ' SYSTEM STATUS }@ INCIDENT REPORT @
) — Galileo-102
OUR EXPERTS WILL PROVIDE ANSWERS @ CLICK FOR SATELLITE potg REPORT YOUR Issue Date: 2016-10-14
TO YOUR QUESTIONS ABOUT GALILEO INFORMATION AND NOTIFICATIONS INCIDENT HERE Satellite Mass: 695.318 kg
CoMX: 1.205m
CoM Y: 0.629m
Home  Support to developers  Gallleo IOV Satellite Metadata CoMZ 0551 m
. o
GsTi(oNss Galileo IOV Satellite Metadata
Simulation and
Testing Tools —
Infrastructure) v
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