
Deutsches Geodätisches Forschungsinstitut (DGFI-TUM)
Technische Universität München

ESA's Genesis mission - from an ILRS perspective

Mathis Bloßfeld1, Urs Hugentobler2, Clement Courde3, Stephen Merkowitz4, Michael Pearlman5, Frank 

G. Lemoine4, Michael Steindorfer6, José Rodríguez Pérez7, Matthew Willkinson8, Thomasz Kur9, 

Claudia Carabajal10, Alexander Kehm1

1 Deutsches Geodätisches Forschungsinstitut (DGFI-TUM), Germany
2 Satellite Geodesy (TUM), Germany
3 CNRS-Geoazur, France
4 NASA GSFC, USA
5 Center for Astrophysics (CFA), USA
6 Institut für Weltraumforschung, ÖAW, Austria
7 Red de Infraestructuras Geodésicas RIG, Instituto Geográfico Nacional IGN, Spain
8 BGS Herstmonceux (NSGF), UK
9 Wrocław University of Environmental and Life Sciences, Poland
10 SSAI @ NASA/GSFC



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 2

Importance of SLR for TRF realizations (I)

♦ SLR uniquely provides access to the Center of Mass (CM) of the system Earth via observations…

− to spherical satellites → attitude realization not critical; accurate modelling of solar and Earth’s radiation feasible

− at about 6000 and 20.000 km altitude → modelling of thermospheric drag not required

♦ Together with VLBI (and GNSS), SLR also contributes to the scale realization

♦ Mix of multiple satellite inclinations (2 LAGEOS + 2 Etalon) → SLR provides accurate Length-of-Day (LOD) parameters

♦ SLR also contributes significantly to the low-degree spherical harmonic coefficients of the Earth’s gravity field

Seitz et al., 2023
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Importance of SLR for TRF realizations (II)

♦ BUT: 

− sparse and inhomogeneous global 

distribution of observing stations

♦ Solution:

− ILRS network upgrades on their way:               

18 currently and future online coming SLR 

stations

− many simulations are performed to 

▪ identify most beneficial new satellite

▪ identify most beneficial new station location

* situation unclear

Geodesist‘s handbook, 2024

Site Name Type Agency Timeframe

La Plata, Argentina upgraded core site BKG, Germany 2024 – 2025

San Juan, Argentina upgraded SLR system NAOC, China 2024 – 2025

Metsähovi, Finland new SLR system FGI, Finland 2024 – 2025

Greendbelt, MD, USA Replacement core site NASA, USA 2026 – 2029

Haleakala, HI, USA Replacement core site NASA, USA 2026 – 2029

McDonald, TX, USA Replacement core site NASA, USA 2026 – 2029

Ny Ålesund, Norway new core site NMA Norway/NASA, USA 2024 – 2025

Ensenada, Mexico new SLR site IPIE, Russian Federation* 2024 – 2026

Java, Indonesia new SLR site IPIE, Russian Federation* 2024 – 2026

Gran Canaria, Spain new SLR system at core site IPIE, Russian Federation* 2024 – 2026

Tahiti, French Polynesia new SLR system IPIE, Russian Federation* 2024 – 2026

Mt Abu, India new SLR site ISRO, India* 2025 – 2026

Ponmundi, India new SLR site ISRO, India* 2025 – 2026

Ishioka, Japan new SLR site Hitotsubashi U., NAOJ, U. 

Tokyo, Japan

2024

Yebes, Spain new SLR site IGS, Spain 2024

Irkutsk, Russia new SLR site VNIIFTRI, Russia 2025 – 2026

Mendeleevo, Russia new SLR site VNIIFTRI, Russia 2025 – 2026

San Fernando, Spain upgraded SLR system Real Instituto y Observatorio 

de la Armada

2025
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Importance of SLR for TRF realizations (III)

♦ BUT: 

− very different performance of stations due to numerous reasons → only ~ 15-20 stations significantly contribute to TRF

♦ Solution:

− advertisement of technological improvements, etc. by the ILRS Governing Board (GB) and Central Bureau (CB)

− many simulations are performed to 

▪ quantify potential of performance upgrades

▪ cf., e.g., GGOS PLATO WG reports!

Kehm, 2022
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Importance of SLR for TRF realizations (IV)

♦ BUT: 

− measurement biases systematically affect the SLR observations

♦ Solution:

− development of refined target signature model + determination of system-dependent long-term mean range biases

Luceri et al., 2022
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The Genesis satellite and mission

♦ To overcome these shortcomings, a fundamental station in space would be beneficial

♦ Genesis satellite:

− ~ 250-300kg, ~ 6000 km altitude, ~95° inclination (currently planned) 

→ good visibility by all SLR stations? (cf. next slides)

− 4 co-located instruments, launch planned in 2028

♦ Genesis mission objectives:

− contribute to improve ITRF accuracy and stability by providing in-orbit 

colocation and necessary combined processing for the four space-based 

geodetic techniques

− contribute to improve the link between the ITRF and the ICRF, thanks to the 

increased consistency of the Earth Orientation Parameters (EOP)

♦ Advantages of the SLR technique on-board:

− passive retro-reflector

ESA, 2024
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Genesis’ optical cross section (as planned today)

♦ The optical cross section (OCS) of an artificial near-Earth satellite directly impacts the 

expected return rate of photons (i.e. normal points – NPs) from the reflector

− a smaller OCS will have a major impact on the return rate, i.e. a smaller OCS will not 

allow to get low elevation returns (since the few reflected photons are absorbed by the 

atmosphere)

− with lower satellite altitude, the OCS needed to obtain laser echoes can be much lower

− low elevation observations are required for the decorrelation of range biases and station 

height estimates

♦ For LAGEOS-1/2, the OCS is about 1.5*107 m2

♦ Requirements by ESA to Genesis (status: October 2024; same as in March 2023?)

− minimum effective cross section of 3*106 m2 at apogee for laser wavelength of 532 nm

− this is about 20% of the return rate from the ILRS standard target LAGEOS

larger OCS →

„brighter” target for 

SLR stations →

more returns also 

at low elevations

smaller OCS →

fewer returns 

which are more 

likely completely 

absorbed by the 

atmosphere at low 

elevations

satellite OCS
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Genesis’ optical cross section (as planned today)

♦ Is this sufficient for Genesis?

♦ This questions is assessed by discussing the impact of the LAGEOS and LARES OCS on the current tracking performance 

of the existing SLR station network between 2012 and 2024 

− LAGEOS has 426 retros (~ 6000 km altitude)

− “optimistic” scenario what performance we can expect from Genesis

− LARES is a smaller sphere with 92 retros (~ 1450 km altitude)

− lower altitude means shorter way through atmosphere → better tracking of LARES by SLR network?

▪ Histograms of LA-1 and LRS observations are plotted w.r.t. the elevation angle zenith

horizon
elevation angle
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Real data analysis (I)

♦ In total, 50 different stations tracked LAGEOS (LA-1) and LARES (LRS) during the past 12 years

♦ 17 stations do not observe LA-1 or LRS during daytime at all

− for these stations, much more LRS NPs are obtained at low elevations which proves that these stations already have 

problems tracking LA-1 at low elevations

− conclusion: these stations will have problems to track Genesis (with a smaller OCS than LA-1) during daytime

− some of these stations will have problems acquiring sufficient NPs to Genesis even during nighttime (due to few low 

elevation returns)!

− examples:
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Real data analysis (II)

♦ In total, 50 different stations tracked LAGEOS (LA-1) and LARES (LRS) during the past 12 years

♦ 17 stations do not observe LA-1 or LRS during daytime at all

♦ 12 stations provide only very few daytime NPs

− a small number of daytime NPs to LA-1 indicate these stations might not to be able to acquire Genesis NPs during 

daytime

− during nighttime, the situation is diverse; for some stations situation is clearly non-optimal as before, for others its better

− examples:
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Real data analysis (III)

♦ In total, 50 different stations tracked LAGEOS (LA-1) and LARES (LRS) during the past 12 years

♦ 17 stations do not observe LA-1 or LRS during daytime at all

♦ 12 stations provide only very few daytime observations 

♦ 21 stations provide a reliable amount of day- and nighttime NPs

− only 6 stations perform well (day- and nighttime NPs; no clear drop in low elevations, both satellites show similar 

statistics, etc.)

− examples:
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Real data analysis (IV)

♦ In total, 50 different stations tracked LAGEOS (LA-1) and LARES (LRS) during the past 12 years

♦ 17 stations do not observe LA-1 or LRS during daytime at all

♦ 12 stations provide only very few daytime observations 

♦ 21 stations provide a reliable amount of day- and nighttime NPs

− only 6 stations perform well (day- and nighttime NPs; no clear drop in low elevations, both satellites show similar 

statistics, etc.)

− 15 stations have problems with LA-1 observations at low elevations → smaller OCS will cause problems (maximum will 

be much smaller and move towards higher elevations)!
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Real data analysis vs. simulation

♦ Simulation scenario: 7-day LA-1 arc (GPSweek 2333), 100% pass performance (unrealistic!) 

(important: only stations really observed in that week simulated)
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Real data analysis vs. simulation

♦ Simulation scenario: 7-day LA-1 arc (GPSweek 2333), realistic (true obs. epochs) pass performance

− global mean SLR network performance ~ 14% (due to many reasons as weather conditions, staff, technical level, etc.)
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Real data analysis vs. simulation

♦ Simulation scenario: 7-day LA-1 arc (GPSweek 2333), ‘Genesis OCS’ expected pass performance

stations with… no daytime obs. at all, few daytime obs. only, 

daytime obs. but very few low-elevation obs., daytime obs. and enough low-elevation obs.
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Simulation study (I)

♦ Simulation study performed by Tomasz Kur and others from Wroclaw University (Poland)

− simulation of a weekly arc with ‘realistic’ LA-1 performance for each station

Simulation scenarios Acronym for results

LAGEOS 1 + LAGEOS 2 + LARES 1 + 

Genesis
LAG 1/2 + LAR 1 + GEN

LAGEOS 1 + LAGEOS 2 + LARES 1 + 

Genesis with a priori GNSS-based orbit 
LAG 1/2 + LAR 1 + GENGNSS

LAGEOS 1 + LAGEOS 2 + LARES 1 + 

LARES 2 + Genesis
LAG 1/2 + LAR 1/2 + GEN

LAGEOS 1 + LAGEOS 2 + LARES 1 + 

LARES 2 + Genesis with a priori GNSS-

based orbit 

LAG 1/2 + LAR 1/2 + GENGNSS
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Simulation study (II)

♦ Polar orbits beneficial for high-lat. stations, lower inclinations beneficial for low-lat. stations

♦ Virtually identical results for prograde and retrograde orbits of equal tilt w.r.t. the equator

♦ Not discussed in this simulation: need for a larger Genesis OCS! 
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Simulation study (III)

♦ Mean formal errors of z-geocenter indicate an inclination between 70° and 110° to be the best option → gravity field 

coefficients have the highest formal errors in that regime…
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Simulation study (IV)

♦ Decorrelation of C20 and C40 can be achieved with an eccentric orbit at low altitude
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Conclusions

Real data analysis

♦ If the OCS requirement for Genesis is not changed (at least to LA-1 OCS; RRA design on Genesis already fixed?) 

− many SLR stations won’t be able to sufficiently track Genesis at low elevations → degradation of height and range bias 

determination?

− for nearly half of the SLR network it seems to be very difficult to obtain daytime NPs of Genesis

Simulations

♦ 6000 km altitude and inclinations between 70° and 110° result in smallest mean formal error for z geocenter

♦ Eccentric orbit at low altitude is most beneficial for gravity field recovery

Take-home message

♦ Most of the state-of-the-art studies simulate 100% or ‘realistic’ tracking scenarios but do not consider planned OCS 

for Genesis

♦ Genesis OCS must be changed, otherwise simulations lead to non-optimal conclusions!
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Genesis Science Team setup (I)
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Genesis Science Team setup (II)
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Genesis Science Team setup (III)
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♦ The Genesis SLR WG acts as an interface to the ILRS and its entities…

Genesis SLR Working Group (I)

Governing Board / Central 

Bureau

Observing Station Network

Analysis Standing Committee

Missions Standing Committee

Networks and Engineering Standing 

Committee

Data Formats and Procedures 

Standing Committee

Lunar, Interplanetary Ranging & 

Time Transfer Standing Committee

International Laser Ranging Service

IAG WG 1.1.1 „Genesis“

IGS, IVS, IDS, IERS, …

Genesis Science Management 

Board

…

Genesis SLR WG

Genesis Science Exploitation 

Team (GSET)

Space Debris Standing Committee
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♦ Kick off: Aug 26th, 2024

♦ 1st SLR WG meeting: Sep 6th 2024, 1-2 PM, UTC, Zoom

− establishment of the SLR WG and introduction to Genesis by C. Courde

− review of the draft ToR and its approval

− members: Clement Courde (chair), Mathis Bloßfeld (deputy)

+ further members in the future

♦ 2nd SLR WG meeting: ASAP… TBD

− discussion of SLR-related satellite and mission requirements of ESA and compilation of feedback

Genesis SLR Working Group (II)

Simone Dell‘Agnello Mike Pearlman José Rodríguez Pérez Matthew Willkinson

Robert Sherwood Toshimichi Otsubo Randall Carman Dariusz Strugarek

Michael Steindorfer Johann Eckl David Sarocco Pierre Exertier

Stephen Merkowitz Alexandre Belli Claudia Carabajal Julien Chabé

Marco Cinelli Franck Reinquin Christian Schwatke Randall Ricklefs
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♦ Main objective:

The objective of the SLR Working Group (SWG) is to provide 

scientific advice and support to the ESA Genesis Project 

Team for a full and effective exploitation of the SLR 

observations from the ESA Genesis mission. The SWG should 

also request all necessary information from ESA and 

industry to properly model the satellite, orbit, and observations.

♦ Role of the SLR WG:

The SWG provides advice and/or makes recommendations 

on items referred to it by the ESA Genesis Project Team. 

Members of the SWG may, however, raise issues they wish to 

discuss related to all the SLR aspects on the ESA Genesis 

mission

Genesis SLR Working Group (III)
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♦ Interactions with ILRS Standing Committees

− support to ESA to assess the SLR reflector compatibility 

with ground stations (Missions Standing Committee)

− Genesis SLR data: provide formats for data delivery and 

data products (Data Formats and Procedures Standing 

Committee & Analysis Standing Committee)

− SLR observation campaign organization: station 

recommendations and observation strategy (Network 

and Engineering Standing Committee)

− support to definition of SLR payload calibration 

approach (on the ground and in-orbit; all SCs)

Genesis SLR Working Group (IV)

https://ilrs.gsfc.nasa.gov/about/organization, 2024
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♦ Satellite

− Orbit predictions must be provided in time to allow stations precise telescope pointing

− Satellite metadata (geometric shape, optical surface properties, attitude logs, mass history files, manoeuvres, etc.) must 

be publicly available

− Geometric phase center offset w.r.t. satellite reference frame must be publicly available

− Optical phase center of reflector must be calibrated on-ground and in-orbit

− Reflector compatibility with ground stations must be ensured (OCS!!)

− Nadir-pointing of reflector is essential

♦ SLR observations of ground network

− Data formats and procedures must be consistent to ILRS standards

− SLR observations of the ground network are publicly available via the ILRS data portals CDDIS and EDC

− SLR observation campaigns (recommendations and observation strategy) must be coordinated with ILRS entities

♦ SLR WG is currently discussing SLR-related Genesis requirements with ILRS SCs (e.g., tracking amount, 

coordinated tracking with other techniques, cross-section of RRA, data formats, etc.) → answer to ESA provided

Genesis requirements… from the ILRS Point of View
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