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• The ITRF is defined through coordinates of tracking 
stations, accommodating motions of the Earth’s  
deforming crust, caused  mainly by plate tectonics 
and post‐glacial rebound

• Genesis will contribute to a highly improved 
International Terrestrial Reference Frame (ITRF) of 
Earth with a target accuracy of 1 mm and a long-
term stability of 0.1 mm/year, providing a 
coordinate system for the most rigorous navigation 
applications on our planet.
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Space Ties

Genesis does not directly improve 

ITRF but identifies intra- and inter-

technique systematics through 

combined POD  in mm scale— 

critical paradigm shift

Genesis's extreme accuracy is 

achieved by co-locating the four 

geodetic techniques onboard one 

well calibrated satellite that acts as 

a flying observatory. 
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Genesis Mission: next steps after PDR  

Support of the Genesis Science Team during Phase C:

• Support detailed satellite & instrument design consolidation

• Support testing, verification and calibration strategy 

• Support data type, volume and interface definition 

• Contribute to end-to-end performance assessments 

• Consolidate Genesis data processing concepts

• Contribute to system, instrument and technique operational concept 

• Contribute to preliminary observation campaign definition and 
planning

• Consolidate service-specific interfaces for IGS, IDS, IVS, ILRS

• Prepare readiness of the services ground support infrastructure

➢ Manage and execute GSET activities
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Genesis Science Exploitation Working Groups
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- Focal point for 
ITRF and 
Combinations of 
Techniques 
related topics

- System Aspects

- Accuracy 
analysis of the 
ITRF and the 
associated 
improvements, 
based on Genesis 
generated data

- Quantify the 
impact of the 
mission 
performance on 
the ITRF accuracy 
and stability

- Interact with 
the International 
Earth Rotation 
and Reference 
Service (IERS)

- Focal point for 
GNSS related 
topics

- Investigate 
what new or 
improved Position 
Navigation and 
Timing (PNT) 
products can be 
obtained with the 
improved 
knowledge of the 
ITRF and all the 
data products that 
will stem from 
the Genesis 
mission

- Focal point for VLBI 
related topics

- Analyse & quantify 
the impact of mission 
performance on the 
Earth Orientation 
Parameters (EOP) and 
ties between ITRF 
and International 
Celestial Reference 
Frame (ICRF)

- Coordinate, prepare 
and realise the 
required VLBI 
campaigns, including 
any required upgrades 
to infrastructure, data 
processing etc

- Focal point for 
DORIS related 
topics

- Improve the 
current 
measurements of 
the ties between 
DORIS and the 
other geodetic 
technics

- Focal point for 
SLR related topics

- Coordinate, 
prepare and 
realise the 
required SLR 
campaigns, 
including any 
required upgrades 
to infrastructure, 
data processing 
etc.

All Working Groups exchange and interact with 
one another
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Genesis Science Exploitation Working Groups

117 science members from 17 Countries regions
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Coordination Communications
• WG Meetings

• WG1 Kick-off meeting  January 2025, total 3 meetings

• WG2 Kick-off meeting July 2024, total 3 meetings.

• WG3 Kick-off meeting July 2024, Monthly, total 15 meetings

• WG4 Kick-ff meeting November 2024 total 3 meetings.

• WG5 Started in summer 2024, total 4 meetings.

• Monthly meetings of GSET Management board
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GENESIS  Objective: ITRF

• Combination of products

• Combination at the Observation Level including orbit combination (Space ties) 

GSET WG 1

• Identify technique systematic errors/differences

→ Simulation of  scenarios for optimal mission/ CONOPS

→ Getting ready to provide combined solutions; co-ordinated with IAG/IERS JWG 1.1.1

Ongoing work:

• Development of concepts for the integration of Genesis observations 

into the TRF

• → Upgrade Software packages, Verify 

data formats 

• Process space geodetic techniques for  TRF, CRF, and EOP utilizing 

satellites that support co-location

• →  Combination of Genesis data with 

other satellites data 

• → Consistent solutions of the four 

space geodetic techniques
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ITRF Realisation Challenges

• Mid term objectives / goals

– Upgrade Software packages to integrate future Genesis data

− Form sub-group for questions of implementation (coordinate work on 

theoretical concepts with IAG WG).

− Create inventory: who can do what? Who is ready to provide combined 

solutions as soon as Genesis

observations are available / based on which observation techniques / 

software,…)

− On the basis of the inventory: initiate further steps, e.g. pilot projects

• Combination at the observation level, including orbit combination

• Combination of Genesis data with other satellites data

• Technique specific solutions, integrating Genesis data

– Simulations to assess the impact of Genesis on the ITRF and other 

geodetic products:

• Technique systematic errors/differences : How to handle these 

differences ?

• TRF parameters (origin, scale)

The orbit determination requirements at mm level

• Modelling of non-conservative forces 

• Knowledge of the spacecraft orientation

• Estimation of the location of the centre of mass (COM)

Calibration of the Genesis Platform & Instruments (COM)

• Satellite CoM wrt. satellite mechanical reference frame

• Instrument reference point wrt. satellite mechanical reference frame 

• Reference point stability wrt. environment, operations, lifetime…

→Sub-Working Group (WG1-S) on System Aspects 
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Sub-Working Group (WG1-S) on System Aspects 

• Mid term objectives / goals

– Upgrade Software packages to integrate future Genesis data

− Form sub-group for questions of implementation (coordinate work on 

theoretical concepts with IAG WG).

− Create inventory: who can do what? Who is ready to provide combined 

solutions as soon as Genesis

observations are available / based on which observation techniques / 

software,…)

− On the basis of the inventory: initiate further steps, e.g. pilot projects

• Combination at the observation level, including orbit combination

• Combination of Genesis data with other satellites data

• Technique specific solutions, integrating Genesis data

– Simulations to assess the impact of Genesis on the ITRF and other 

geodetic products:

• Technique systematic errors/differences : How to handle these 

differences ?

• TRF parameters (origin, scale)

• Support detailed satellite design consolidation

• Support testing, verification and calibration strategy 

• Collate information required for the scientific orbit determination process, in 
particular with respect to non-gravitational forces

• Develop, implement and validate scientific spacecraft dynamic model

• Contribute to system, operational concept 

Support the spacecraft system-level design consolidation process up to CDR
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Genesis Single Geodetic Techniques

• All 4 payloads moving forward in Phase C

• GSET WGs 2-5 

• - revised the requirements, provided inputs & constraints

• - Will continue to support during Phase C:

• Instrument design consolidation

• Prepare readiness of the services ground support 

infrastructure and Consolidate service-specific 

interfaces for IGS, IDS, IVS, ILRSP  

• Data type, volume and interface definition 

• E2E performance assessments 

• Data processing

• Operational concept & Preliminary observation 

campaign definition

Calibration of the Genesis Instruments 

• Antenna PCO/PCV wrt. Instrument ref. point

• Antenna PCO/PCV stability wrt. environment, 

operation, lifetime
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GNSS activities and updates

• WG2 discussion on maximizing the number of satellites tracked per epoch.

• From the experience with other LEO missions, calibration of the PCO and variations of 

antenna is a core issue for GNSS (including potential interferencies with other payload; 

nearfield effects, e.g., be the solar panel).

Upcoming points for discussion:

Simulations for an optimal GNSS tracking scenarios for best possible POD 

Redundancy and risk mitigation for the GNSS equipment

Challenges in orbit modelling (shadowing effects etc.) 

GSET WG 2
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VLBI activities and updates

Implementing a new observing technique for satellites 

tracking  VLBI

• VLBI satellite tracking is is a novel technique that has 

never been realised for routine observations before

• VLBI transmitter is a novel instrument*

• Opportunity for Intercontinental Time/Freq transfer for 

the first time with VLBI technique

GSET WG 3

*Today, VLBI satellite observations only exist as test observations.  To further increase the achieved measurement precision by an order of magnitude (from current cm levels to mm precision)

→ Multiple aspects are yet to be investigated in order

to make the Genesis VLBI observations reach their target 

accuracies.
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VLBI activities and updates

• Natural signals from a black holes emit on wide spectrum; How does the signal aboard the satellite 

need to be generated? (Genesis sends in non-standard VGOS frequencies)

• Ground Station compatibility & IVS resources

• Multiple transmit antennas;  How to consider in data processing chain ?  PCO/PCV calibration.

• How can Genesis be effectively incorporated into geodetic observing and how many? 

• Correlation and processing resources

• Tests including to already existing satellites, field tests, operations modes

• Coordinate and provide for frame tie processing

GSET WG 3
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VLBI activities and updates

WG-3 has seven work packages (WPs):

• • WP-1: frequencies, signals etc.

• • WP-2: ground station fidelity, etc.

• • WP-3: delay resolution and correlation, etc.

• • WP-4: scheduling

• • WP-5: end-to-end simulations

• • WP-6: test observations

• • WP-7: PRN-option
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DORIS Activities & Updates

• USO thermal sensitivity: 

• Beacon tracking strategy

• Antenna phase centre calibration

• Beacon frequency monitoring

• DORIS integration into multi-technique combination strategies (Coordinated with WG1 

• Improve ties between DORIS and other techniques — contribute to multi-technique 

combination at observation level

• Sentinel-6A multi-technique solutions (DORIS + GNSS + SLR)

GSET WG 4

• Upgrade DORIS processing software to integrate future Genesis data

• Inventory of IDS analysis centres ready to ingest Genesis DORIS observations

•  Sub-WG on USO thermal impact / Clock tie experiment*

• Simulations on beacon obs. and tracking strategies 

*connecting DORIS and GNSS REGINA receivers to same clock at time beacon sites (Hartebeesthoek, Kourou, Papeete, Toulouse, Terre Adélie)
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SLR Activities & Updates GSET WG 5

• Assess ILRS data format / sharing

• Observation strategy: 

• full arc vs. interleaving, 

• passes/NPs per station, 

• coordination with VLBI/DORIS at multi-

technique observatories

• Data analysis: combination with other ILRS 

satellites; SLR-only and inter-technique solutions

• LRR calibration (CoP) to (CoM

•  IAG Services coordination: Genesis already triggered cross-

service dialogue (e.g. SINEX format upgrade for orbit 

combination)

• Simulation studies ongoing: ,Wroclaw, CNES,… FESG-TUM 

and DGFI-TUM developing NEQ-level combination

• refined non-conservative force models and Genesis 

metadata  

• Coordinate with WG1  on inter-technique combination 

strategies and required ITRF-level products

ILRS Analysis Standing Committee (ASC) established special WG for TRF+EOP products from non-spherical Sat obs.
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Consolidated service-specific interfaces

• ILRS Analysis Standing Committee (ASC) established special WG for TRF+EOP products from non-spherical 

satellite observations (Dec 2025)

• IDS analysis centers assessment  to ingest Genesis DORIS observations

• IVS Working Group on Satellite Observations with VLBI (WG7) 

• IAG/IERS/GGOS JWG 1.1.1JWG aims at maximizing the utilization of the mission’s capabilities.
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PROAD Overall Data Flow

In the context of the ESA Genesis Mission, all agreed Genesis mission data and products, including Navigation Support Office generated POD 

products, will be accessible to the global scientific community via The PROcessing, Archiving and Dissemination Centre (PROAD), consisting of 

the ESA Navigation Support Office facilities in Darmstadt (Germany) for the processing part, and the ESA GNSS Science Support Centre 
(GSSC) in Madrid (Spain) for the archiving and distribution part, 
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TEAMS

• Genesis Science Exploitation Team has been created on Teams

• All members should have received  notification from Microsoft Teams 

Shared environment for collaboration

• WG Objectives, progress tracking

• WG and Science team meetings notes, presentations, participants list,

• Documents (Technical notes,. Publications, ...)

• Announcements 

• Any comments or suggestions for its structure, are welcome
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PUBLICATIONS

All GENESIS Science Exploitation Team members 
are encouraged to publish scientific data resulting 

from GENESIS mission data 

To structure the process for publications, detailed 
rules will be established and coordinated with 

the Working Groups

This publication policy will continue to apply for 
two years after the end of the GENESIS mission 

(nominal or, as the case may be, extended)
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Publications

• Topics of papers are to be proposed by GSET  Members. 

• The papers on mission  will be coordinated  by the Science 

Management Board 

• When information about the performance of the 

spacecraft/mission is included in the publication, the ESA 

mission shall be asked to review the related content of the 

paper and its prior approval must be obtained.

• Annual Genesis workshops are organized to 

share results of the respective analysis across the 

various domains and coordinate the work

• Several Genesis focused presentations and 

sessions at International  meetings such as; 

Genesis Session at COSPAR, presentations at EGU 

on Mission and GSET activities, Scientific and 

Fundamental Aspects of GNSS. 10th International 

Colloquium

• A special issue in Peer reviewed journal will be 

organized for Genesis
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A new Initiative  : Genesis Young Scientists Group

Engaging early-career scientists now ensures continuity from pre-launch through full science exploitation.
Building the next generation of space geodesists

1
Strengthen mission long-term legacy

GENESIS science exploitation runs through 2031+

2
Build next-gen space geodesists

PhD students & researchers within 5 yrs of PhD

3
Increase diversity & fresh perspectives

Broaden participation across all 5 Working Groups

4
Foster cross-WG connections

Liaison roles, dedicated sessions, mentoring
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Thank you for your attention

On behalf of Genesis Science Exploitation Team (GSET)

Özgür Karatekin, Royal Observatory of Belgium

Francesco Vespe, ASI Direzione Ingegneria e Tecnologie  
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