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Genesis Primary Objectives OBR
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Contribute to improve ITRF accuracy and stability by providing
in-orbit colocation and necessary combined processing for the
four space-based geodetic techniques that contribute to its
realization. The goal is to contribute to the achievement of the ¢

United Nations A resie9266

"
N S—
@V General Assembly 11 Mareh 2015

Geodetic Global Observing System (GGOS) objectives for the 7
ITRF realisation, aiming for a parameter accuracy of 1 mm and a
stability of 0.1 mm/year, in order to provide significant scientific
beneﬁtS in Earth mOdelling, and tO Support a W|de ra nge Of Resolution adopted by the General Assembly on 26 February 2015
societal applications (as endorsed by the United Nation ot et Mt Commitee (109153 4441

re SOlUti on A/R ES/69/266) i 69/266. A global geodetic reference frame for sustainable

development

Contribute to improve the link between the ITRF and the ICRF, TargetS'
thanks to the increased consistency of the Earth Orientation *
Parameters (EOP). In particular, this mission shall allow for the Accuracy: 1 mm

first time a link between the orbit reference frame, ITRF and ICRF. Stability: 0.1 mm per year
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Overview of the Genesis Mission

e Overview

* Genesis is a satellite mission managed by the ESA
Resilience, Navigation and Connectivity (RNC)
Directorate and part of its RNC Projects Department

maw Mission scope

» Design, development, qualification and calibration of the
satellite (incl. payloads) and ground segment

« Launch and early operations including commissioning
and calibration

» Operations (2 years, option for extension)

» Data exploitation (Including processing, archiving and
data distribution from ESA facilities - input to the
Scientific Community)

» Key involvement of the Scientific Community and
International Geodetic Services 2> maximize benefits
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For the first time:
Co-location in space of the
4 space-based geodetic
techniques

GENESIS v Co-location in space

complementary

\
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International Terrestrial
Reference Frame (ITRF)

Global Geodetic Observing System
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Genesis-enabled Science and Applications BN

Geodesy, Reference Frames Cesa

&
&
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Unified Reference Improved GNSS POD i o«
Frames (LEO, MEO, GEO), Navigation to the
calibrations... Moon, and beyond...

GNSS, Navigation L
Improved ITRF, EOPs, :

past-glacial rebound

Earth Sciences

Geophysics: Deep Interior
- Geo-centre motion
- Sea-level change - Weather/climate

= Core flows 4 T > ENABLED SCIENTIFIC APPLICATIONS =~ - Water cycle - Ecosystems
S el - Geological hazards - Geodynamics

= Magnetic field e ] B ‘ - Land and ice deformation and change

- Sea-surface height
GEOPHYSICAL OBSERVABLES | - Atmospheric parameters - Surface and ground water
tectonic & - Land and vegetation topography and soil moisture

: atmospheric [
G h . . M I O motion load ing -ﬁn_b&vuriable gravity - Radio o«uhftion
eophysics: Mantle, Oceans 7 ! deformation L W o G dotacios”

Tectonic motions Sy yarelogy AN ... o0 Graviy i
PRIMARY GEODETIC PRODUCTS - Orbit determination - Reflection and signal-to-noise ratio

POSt-g I a Ci a I re bo u n d - Earth rotation - Total electron content and tropospheric delay

Ice melting, Ice mass loss _ . TERRESTRIAL REFERENCE FRAME | 1524 cordnas i o e s
Sea level change... Atmospheric Physics

lono, Plasmaspheric density

Radiation budgets, Earth
. “Evolving the Geodetic Infrastructure to Meet New Scientific Needs”,
Energy imbalance... National Academies of Sciences, Engineering and Medicine (2020)

- Mass change

- Geodetic techniques (SLR, VLB, GNSS, DORIS) K parts
GEODETIC INFRASTRUCTURE " "': niques e

- Archives
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Structure of the Genesis Mission

ESA Overall Management — ESA RNC
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Italia)

Industrial Scientific
Contractor CNES ESA-ESOC ESA-ESAC .
Satellite DORIS Data Data St Ground
Development | Instrument Processing & & aDiastrit?l:?i%?l — Infrastructure
B incl. Prime Precise Orbit Coordination
Instruments - Determination :.:
:-: | | DORIS Data [ | ITRF
Launch Processing Generation
| Service
- PROAD - ESA -
:.: | [Industrial Sub- | | Data
| | satellite Contractors Exploitation
Operations r r
Data CNES Scientific Setup
| Acquisition |Procurement
Industrial
Procurement
(led by OHB

‘|| genesis ||/
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Genesis Mission Timeline
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2 years of

Operations with
Qualification option for extension

‘ - and to 5 years
Critical Acceptance

Design REEE Scientific

@Preliminary Z{g;_/;ew (CDR) " (@AR) exploitation

Design 2029

Review (PDR)
j 2025
System

"7 Requiremen
ts Review

Ve £
L / Contract 42024

Signature and
Kick Off of
activities
March-April
2024
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Genesis System: PDR Status
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Satellite
Orbit: 6000km altitude (low MEO), 95.5° inclination
Mass: 406kg

Power: 280W (nominal)

Envelope: 1.9m x 1.3m x 3.4m
Attitude: 3-axis stabilised, Nadir pointing, yaw-steering law
Payload: GNSS, LRR, DORIS, VLBI Instruments, external USO

Ground Segment

Mission Control Centre, S-band TT&C stations still to be selected ===

i =

A5 | 3 ‘ 2
. ESA Communications, Copyright ESA - D. Ducros

Launch and Operation

Launcher still to be selected

Commissioning Phase + 2 years of operations (option for extension)
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Genesis Satellite: PDR Status
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ESA Communications, Copyright ESA - D. Ducros

Platform Module

Houses platform units and payload electronic boxes
Box-shape Aluminium sandwich panels for radiation shielding
S-band TT&C antennas (elevated on brackets)

Launcher Interface Ring

Payload Module

e

Hosts instrument antennas, LRR and 2 star-trackers — - —_

Structure in CFRP sandwich panels for low Thermoelastic Distortion

Connected to Platform Module through 4 titanium bipods

Solar Panels ‘ :!

Payload
Reference

Two body-mounted, fixed solar panels Frame (PRF)

One integrated on the platform, the other on the payload modules el

Reference
Frame (SRF)
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Genesis Payload
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Four Instruments, tightly tied:

Laser Retro-Reflector

+

Istituto Nazionale di fisica Nucleare

écnes THALES ‘ '
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Genesis Payload
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Four Instruments, tightly tied:

GNSS ‘ Laser Retro-Reflector

—— i

- Galileo E1/E5a, GPS L1/L2/L5
- Nadir + Zenith Antennae
- Tracking optimised for Genesis orbit

- High quality code and phase observables
SpacePNT (Rx) and Beyond Gravity (Ant)

- Compatible with ILRS stations (532nm)

- Nadir panel

- CCR & geometry optimised for Genesis orbit
- Increased optical cross-section (6Mm?2)
INFN

VLBI

Wideband signalsin S, C and X-bands
- Compatible with VGOS stations

- 3 New multiband Tx antennas

- One-way ranging capability
AntwerpSpace (Tx) and UCLouvain (Ant)

@esa/——l—l——_::ld_E—.|_=pF_—@‘|§%g— =




ESA’S GENESIS MISSION -
PRELIMINARY DESIGN BASELINE OVERVIEW

. Fusco', 8. Gidlund', P. Weller', E. Honoré-Livermore, A. Bi

inger!, E. Schoenemar

" The European Space Agency (ESA)

Abstract - Improving the accurscy and long-term stability
of the Intemationsl Terrestrisl Reference Frame (TRF) is
essentisl for advancing techniques which raly on
messuring Earth, like Navigetion end Esrth sciences.
While there are co-location sites on Earth, which operate
sl four geodatic space techniques (GNSS, DORIS, SLR,
VLBI), they Lack globel coversge and cannot sufficiently
‘separste technigue-specific inconsistencies snd bisses.

The ESA Genesis mission is designed to address this
limitation and contribute to the improvement of the ITRF
by providing co-location in space with & well known
#eometric space-tie betwean the four instruments. At the
System Preliminary Design Review [S-PDR) milestone of
the system development, the oversll system srchitecture
and payload configuration were assessed for technical
completeness, feasibility, and consistency with the
mission’s scientific requirements.

The results of the S-PDR presentsd here provide &
common and consolidated reference for ongoing
scientific. preparation and modeling sctivities. As the
mission proceeds through subsequent phases, the
‘consolidated information in this document will continue
10 evolve, ensuring alignment between  system
development and the mission’s scientific exploitstion
strategy.

Genesis Mission Dverview
1.1. Genesis Objectives

The main objective of the Genesis mission isto contribute
t the improvement of the Inemational Temestrial
Reference Frame [1]. The Genesis mission objectives

‘supporting the goal, as defined by the Globel Geodetic
Obsering Systems (BGOS) of the Intemational
Association of Geodesy (IAG), to achieve an Intemational
Terrestrist Referance Frame (ITAF) parsmeter scouracy of
1 mm with & longterm stability of 0.1 mmiyear. The
importance of & highty accurate, stsble and sustsinable.
Global Geodetic Tenestrial Reference Frame has also
been recognized by the recently signed Memorandum of
Understanding (MMOU) [2] and the United Nations
resolution on sustainble development, based on its

major societal benefits, for exampl
climate change monitoring or Gl
applications [3]

Improvements of the ITRF will immedistely impact and
improve muttipla geodetic and geophysical observables,
as well gs precise positioning snd navigation, and
strengthen the geodetic infrastructure, by umveiling and
therewith sllowing the reduction of systematic biases
between the four different geodetic techniques [4].

The secand objective of the Genesis mission is toimprove
the link between the ITRF and the International Calestial
Referance Frame (ICAF], which will be achieved thanks to
the VLB payload.

1.2. Genesis Project Organisation

Genesis is a satellite mission mansged by the ESA
Resilience, Navigation end  Connectivity (RNC)
Directorate and part of its RNC Projects Department.

The ESA Genesis Project Team manages and coordintes
the work of all interfaces between i) the Industrial
consortium, ii} ESA's data processing, archiving and
distribution centre (PROAD), i} Genesis Scientific
Exploitation Team (GSET) for the preparstion of scientific
axploitation and coherency between the project
development and the scientific mission objective. In
addition, the scientiic community is playing 3 key role for
the data collection within the operational phase of the
Genasis project.

Thecapyright of this dacument lswested I the European Spacs Agancy. This document s an open sxcess articls under the terms of the Croative Commans

Attsibution MonCommenial Nobertatves 4.0 Intemational

ich permits use and distribution In any medium, provided the origing)

Lo,
praperty clied (. 3, Citation), the ues s non- commerciel and no modifications or edaptations are made.

Genesis Preliminary Design Baseline Overview Paper

Consolidated description of the Genesis system
architecture at System Preliminary Design Review
(S-PDR)

Reference for ongoing scientific preparation,

modelling activities and community discussions

Available worldwide with a DOI that can be
referenced in Genesis-related scientific publications

The paper is available in the GSSC Archive, under

the path /satellite/genesis/

Nz
AN

Qesa

genesis
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https://gssc.esa.int/webftp/main.html?download&weblink=bd58eeff6fe97c88f4dda576bf5c0a9b&realfilename=Genesis$20PDR$20Baseline$20Article$20final.pdf
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Genesis Science Data
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Genesis Reference Orbit
*  Genesis orbit files for each day of 2025 (365 files) in SP3 format

«  Genesis attitude (quaternion) files for each for each day of 2025 (365 files)

«  Document containing description of the dynamical models, orbital elements used to Remote site: | /satellite/genesis/2025
generate the orbit, attitude description and ICD oo
L P
genesis
2025
? 2028
The files have been generated by the ESA Navigation Support Office and published by the ? goce
GSSC to provide a common baseline for collaborative simulation, analysis and scientific Filename
activities related to Genesis. att.tar.gz
J‘- Genesis reference products decription__SystemPD...
orb.tar.gz

These files are available in the GSSC Archive, under the path /satellite/genesis/

https://doi.orq/10.57780/esa-a0p3jqgt



https://gssc.esa.int/webftp/main.html
https://doi.org/10.57780/esa-a0p3jgt
https://doi.org/10.57780/esa-a0p3jgt
https://doi.org/10.57780/esa-a0p3jgt
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Genesis Science: GSET and IAG/IERS JWG 1.1.1 m

Genesis Science Exploitation Team (GSET) Composition

» Scientists & Experts organised in 5 Working Groups
» All Relevant International Geodetical Services:

* IAG, IERS, IGS, IVS, ILRS, IDS GSET Workshop Brussels 2026 ‘
2h v ST AR FERE

Genesis Science Exploitation Team (GSET) Management
Board

« WG chairs, Lead & co-Lead Science Coordinators, ESA
* For coordination of GSET activities

IAG/IERS JWG 1.1.1 (Chair: J. Boehm)

« Complementary working group under IAG
* Focused on science preparation and execution
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Genesis Science Exploitation Team (GSET) T
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Coordinator Ozgur Karatekin
Royal Observatory of Belgium — RoB

Co-Coordinator Francesco Vespe
ASI Space Geodesy Centre at Matera

WG1: ITRF & Zuheir Altamimi
Combination of Institut national de l'information géographique et forestieére — IGN

Techniques Florian Seitz
J Deutsches Geodatisches Forschungsinstitut-Technischen Universitat Munchen — DGFI

WG2: GNSS Rolf Dach
Universitat Bern
Benjamin Mannel
GFZ Helmholtz Centre for Geosciences

WG3: VLBI Riidiger Haas

Chalmers Tekniska Hogskola

WG4: DORIS Guilhem Moreaux

CLS-Collecte Localisation Satellites

WGS5: Laser Clément Courde
Ranging Centre national de la recherche scientifique-Géoazur

i | ] | Nz r—
— ® i =& +
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Genesis Science o
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Participation already from requirements consolidation in Phase A

‘e <) Support ESAin the follow up of the industrial activities, with
< emphasis on instruments and calibration
Scientific

Invowemen? in Analysis of mission performance and the mission contribution
the _Ge_neS|S &4 towards target ITRF improvement
mission -

Preparation of the scientific data exploitation, covering any gaps in

algorithms, tools or ground infrastructure required

, “ Preparation and execution of required ground-based campaigns (in
A Ai® particular VLBI, SLR)

| — | - Nz r—
— . ® I 2= +
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Genesis NextGen — Young Scientists Group
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A forum to connect, train, and empower early-career geodesists within Genesis.

Informal < Cross Working Group ¢ No age limit « Everyone who feels young
Strengthen mission |ong-term Iegacy Increase diversity & fresh perspectives
Genesis science exploitation runs through 2031+ Broaden participation across all 5 Working Groups

Build next-generation space geodesists Foster cross Working Group connections
Training, leadership, and coordination experience Dedicated talks, discussions, and shared sessions
Activities © ESA — D. Ducros
Kick-Off on 13.07.2026
Status of Genesis Activities in the NextGen community
Working Group member talks (30 min + discussion) g\
Genesis-focused Al talks ) \(\ ge‘o\“’
Online workshops & informal exchanges \No“‘*‘“

Meet-Ups at conferences

e
Dedicated visits and tours (e.g. ESA-ESTEC tour) °

Coordinator: Antonia Bieringer
To join, send an email to:



mailto:Antonia.Bieringer@esa.int

Genesis — Contributing to Resilient Navigation
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Geodesy and Navigation

* GNSS have a critical dependency on geodetic information and ESA
acknowledges the importance of the Global Geodetic Supply chain

« ESA acknowledges the importance of a Global Geodetic Reference
Frame for Precise Navigation and Sustainable Development

« ESA significantly contributes to the robustness of the Global Geodetic
Supply chain and to the improvement of the Global Geodetic
Reference Frame - contributing to all Geodetic space techniques, and by
dedicated Geodesy missions such as:

» Genesis - A Unique Space Geodetic Observatory

Navigating around Earth

* The Earth is alive. It moves, it spins, and it wobbles.
Genesis will be there to ensure we take that all into account when safely
and precisely navigating the future

F N
Earth Rotation axis ~| 2

Reference meridian -

________________
~~~~~

Equator
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To summarize... o

Thanks to combined efforts from Scientific Community, ESA Member States, Industry and ESA,
the Genesis Mission has become a reality!

This challenging mission is currently in the design consolidation phase and will be a

stepping stone towards improved GNSS with major positive impacts in Navigation and
Earth Science

=5 . ESA, Industry and the Scientific community are fully committed to the success of the
#5 Mission




ESA UNCLASSIFIED — Releasable to the Public

THANK YOU! A~
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