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- Introduction
- Motivation for ESA/ESOC’s EOP estimation and prediction activities

- ESA/ESOC’s contributions to International Association of Geodesy
(IAG)

- ESA/ESOC’s EOP generation + prediction approach

- ESA/ESOC’s EOP prediction accuracy (study results)

- Way forward for ESA/ESOC’s Earth Orientation Parameter products
- Takeaways
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Introduction ‘\\w eSd

« The Navigation Support Office at ESA/ESOC is responsible for the generation of
the geodetic reference frame for all ESA missions.

« In line with this responsibility, ESA’s Navigation Support Office contributes to
the realisation of the International Terrestrial Reference Frame (ITRF) and the
combined EOP series in the framework of the International Earth Rotation and
Reference Systems Service (IERS).

- Highly accurate up-to-date Earth Orientation Parameters - the independency for
ESA’s Space Missions, European Industry Space Missions and the support to the
EC Space Activities is of major importance.
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Motivation for an ESA’s independent EOP product \\\\\w CSa

ESA’s Navigation Support Office is responsible for providing the Geodetic reference
for ESA missions, and are the Coordinator of the Galileo Reference Service Provider (GRSP)
to provide the Geodetic reference and corresponding EOP’s to Galileo.

ESA operates Ground Infrastructure

ESA'S GNSS Observation Network (EGON)
ESA/Europe is building up SLR stations

European Space Tracking network (ESTRACK)
Note: Stations and correlator are not yet ready for VLBI

ESA operates Data Centres
GNSS Science Support Centre (GSSC)

ESA generates all input products needed for the generation of EOPs.
ESA’s contributions are always among the best in the world.

Although all required input products are generated by ESA,
ESA and its customers are still relying on a single none European source.
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http://navigation-office.esa.int/ESA%27s_GNSS_Observation_Network_%28EGON%29.html
https://gssc.esa.int/
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ESA’s contributions to International Services \

provided by ESOC

Contribution to International GNSS Service (IGS) as Analysis Centre

Contribution to International Laser Ranging Service (ILRS) as Analysis Centre

Contribution to International DORIS Service (IDS) as Analysis Centre

Contribution to Coordinated Universal Time (UTC)
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ESA’s EOP generation + prediction approach i\&\*‘esa

ESA’s Earth Orientation Parameter generation and prediction
approach has been developed in the frame of a study by:

* Bundesamt
@ flr Kartographie
und Geodasie

. . iy . Helmholtz Centre
Technische Universitat Miinchen PoTrsbam

Successfully concluded in October 2020.
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IERS state of the art combination approach & eSa

Combination
Products on Parameter
level

— * Parameter
[0S contributions  Jmsp> | ere
[ s contributions__J=p [ w7

Limitations: Model inconsistencies, Correlations not considered!
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ESA approach

Combination
Products on Normal
Equation level

[EsATGS contribution = [ neo s

[EsA 1LRS contribution J=sfp [ neq Srieneren
* Parameter

[EsA DS contribution mp- [ neQ

[EsA internal vLBI solution |msp [ neq

Same ESA software and models. Correlations considered.
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ESA approach & eSa

Combination
Products on Normal
Equation level

[EsATGS contribution = [ neo s

[Esa  siRsolution |=fpp [ neq Srieneren
* Parameter

[EsA DS contribution mp- [ neQ

[EsA internal vLBI solution |msp [ neq

ESA ILRS solution replaced by optimised SLR solution e.g.
adding Larets, Stella, Starlette, and Ajisai
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ESA approach (EOP predictions) \&\\ esa
@ Effective
o)
Earth Geodetic = Angular
c
Orientation Angular » "3 « Momentum
9}
Parameter Momentum 5 (EAM)
i
)
(EOP) (GAM) e from
& geophysical
models
EOP Predicted EAM +
predictions Difference functions
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Study results
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X, NiNdcast experiments, rapid [-30, 0] days
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- H2.1c: Reference case
0.18 e H2.2c: GNSS LOD bias applied
- H2.3c: GNSS LOD bias + VCE applied

016  —— H2.20: GNSS LOD bias applied + 24-h VLBI in rapid comb.
—— H2.30: GNSS LOD bias + VCE applied + 24-h VLEBI in rapid comb.
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Results from the ESA study “"Independent generation of Earth Orientation Parameters”
x,0. hindcast experiments, rapid [-30, 0] days.
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X, NiNdcast experiments, prediction [0, 90] days \‘\&\i-‘esa
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- H2.1c: Reference case
~— H2.2c: GNSS LOD bias applied -
- H2.3c: GNSS LOD bias + VCE applied =7

—— H2.20: GNSS LOD bias applied + 24-h VLBI in rapid comb.
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Results from the ESA study “"Independent generation of Earth Orientation Parameters”
x,0. hindcast experiments, prediction [0, 90] days.
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Vyoie NiNdcast experiments, rapid [-30, 0] days
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0.2

- H2.1c: Reference case
0.18 ~ — H2.2c: GNSS LOD bias applied
— H2.3c: GNSS LOD bias + VCE applied

0.16 — H2.20: GNSS LOD bias applied + 24-h VLBI in rapid comb.
— H2.30: GNSS LOD bias + VCE applied + 24-h VLBI in rapid comb.
0.14 —— |ERS Bulletin A vs. IERS 14C04
----- ESA requirement
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Results from the ESA study “"Independent generation of Earth Orientation Parameters”
¥.0e hindcast experiments, rapid [-30, 0] days.
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Voie NiNdcast experiments, prediction [0, 90] days \‘\&\;‘esa
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—_— H2.3c: GNSS LOD bias + VCE applied

16 — H2.20: GNSS LOD bias applied + 24-h VLBI in rapid comb.
— H2.30: GNSS LOD bias + VCE applied + 24-h VLBI in rapid comb.
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forecast horizon [day]

Results from the ESA study “"Independent generation of Earth Orientation Parameters”
Y.0e hindcast experiments, prediction [0, 90] days.
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AUT1 hindcast experiments, rapid [-30, 0] days \

0.1

0.09

0.08 —

0.07

0.06 —

AUTA [ms]
(=]
o
[&)]

o
o
&

=
1z

D
»
0

- H2.1c: Reference case
- H2.2c: GNSS LOD bias applied
- H2.3c: GNSS LOD bias + VCE applied

— H2.20: GNSS LOD bias applied + 24-h VLEBI in rapid comb.
—— H2.30: GNSS LOD bias + VCE applied + 24-h VLBI in rapid comb.
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Results from the ESA study “"Independent generation of Earth Orientation Parameters”
AUT1 hindcast experiments, rapid [-30, 0] days.
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AUT1 hindcast experiments, prediction [0,90] days ‘\\&Eesa

12
- H2.1c: Reference case
H2.2c: GNSS LOD bias applied
10| — H2.3c: GNSS LOD bias + VCE applied
—— H2.20: GNSS LOD bias applied + 24-h VLBI in rapid comb.
— H2.30: GNSS LOD bias + VCE applied + 24-h VLBI in rapid comb.
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Results from the ESA study “"Independent generation of Earth Orientation Parameters”
AUT1 hindcast experiments, prediction [0, 90] days.
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Way forward for ESA/ESOC’s independent EOPs

Ongoing

- Integration in ESA software. Operational setup and testing at ESA
Q4 2020

« Start of ESA internal pre-operational service

Q1 2021

« ESA internal VLBI solution

Q2 2021

« Operational provision of ESA’s independent EOP Solution
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Takeaways \\\&\\s eSa

ESA’s Navigation Support Office at ESOC is responsible for the generation of ESA’s
geodetic reference.

In near future it is closing the gap by providing an ESA own Earth Orientation
Parameter product, removing any dependency on an external provider, mitigating
the risk for ESA missions, for European industry and EU programmes.

ESA/ESOC’s EOP estimation and prediction approach has been developed by a
consortium within an ESA study.

ESA/ESOC’s Earth Orientation Parameter products are currently under validation and
shall become operational in Q2 2021.

The prediction approach selected for ESA/ESOC’s Earth Orientation Parameter
Product, making use of EAM predictions, provides excellent results. It is even
outperforming the up-to-date available EOP predictions from IERS.
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Europe’s independent Geodetic and EOP Reference

g esa

Navigation Support Office GNSS Science Support Centre
Provider of ESA’s geodetic and timing reference IGS Global Data Centre
GRSP Coordinator (GTRF provider) ILRS Data Provider
Contributor to IERS (ITRF, EOP) GNSS Science Exploitation Platform
Contributor to UTC GNSS Big Data Station
http:/ /navigation-office.esa.int https://gssc.esa.int/
ESA UNCLASSIFIED - Releasable to the Public E. Schoenemann - ICCC JWG C1- 1

[

— Il hm c= ™ 4 I W= T Il == 201 T :2 S w1l European Space Agency



http://navigation-office.esa.int/
https://gssc.esa.int/

