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Program Objectives: First ever on-board 
collocation of four space GNSS/Geodetic 
techniques providing a major improvement of 
the Earth International Terrestrial Reference 
Frame accuracy/stability supporting GGOS 
goals and the UN Resolution on sustainable 
development, (A/RES/69/266). 

GENESIS Mission Objective  (Proposed for CM 22)

ITRF Targets
Accuracy: 1 mm
Stability:  0.1 mm per year
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GENESIS MISSION: GEODESY AND GEOPHYSICS

Co-location of GNSS, 
VLBI, SLR and DORIS 

in Space
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International Terrestrial Reference Frame (ITRF) elaboration

xx

VLBI SLR DORISGNSS
D

at
a 

ac
q

u
is

it
io

n
A

n
al

ys
is

Session-wise
VLBI solutions

Weekly SLR 
solutions

Daily GNSS 
solutions

Weekly DORIS 
solutions

Te
ch

. 
st

ac
ki

n
g

Long-term linear
VLBI solution

Long-term
linear

SLR solution

Long-term
linear

GNSS solution

Long-term
linear

DORIS solution

In
te

r-
te

ch
n

iq
u

e
co

m
b

in
at

io
n

ITRF Local ties
+

Velocity constraints



Slide  55

Terrestrial (local) Ties and inherent systematics

Credits: Z. Altamimi,
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Example of multi-geodetic reference site (Wettzell)

Co-location fundamental station Wettzell, Bavaria

SLR

VLBI

GNSS

SLR
VLBI

VLBI

< 1 mm required
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Terrestrial (local) Ties

Source:  Dr. Z. Altamimi, GENESIS Science Workshop, April 2022

1. ITRF affected by accuracy of local ties measurements
and systematic errors. (e.g. In ITRF 2020 more than
50% measured ties have discrepancies > 5 mm)

2. In addition, the number and distribution of these sites
over the globe is Inhomogeneous and Unfrequently
updated

PROPOSAL: With GENESIS we will co-locate and combine 
for the first time ever the four space-geodetic techniques 
GNSS, SLR, VLBI, and DORIS aboard a single fully-calibrated 
satellite, establishing precise and stable ties between the 
key geodetic techniques.

A dynamic space geodetic observatory which will 
contribute to determine all the instrumental biases 
inherent to the different Geodetic observing techniques 
simultaneously 

ITRF 2020
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ITRF

Adapted from: Global Geodetic Observing System. Meeting 
the requirements of a global society on a changing planet, 
Plag and Pearlman Eds, 2009

All navigation and positioning applications rely on accurate and reliable
ITRF. The ITRF provides the foundation for all space- and ground-based
observations in Earth Science. The ITRF is the unique framework is
needed for monitoring and ultimately understanding the Earth system as
a whole.

Scientific applications drive the requirements for the realization of the
frame parameters (supporting GGOS goals and UN Resolution on
sustainable development,(A/RES/69/266).

Accuracy: 1mm
Stability: 0.1 mm/year

Credits: UNGGRF http://www.unggrf.org/

The foundation for all space- and ground-based 
observations in Navigation and Earth Science
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“The International Terrestrial Reference Frame (ITRF) 
underpins high priority science questions and 

associated space observational requirements for 
atmosphere and climate, weather, hydrology, 

ecosystems, and solid earth science.”
(Source: US National Academy of 
Science- Engineering- Medicine)

ITRF The foundation for all space- and ground-based 
observations in Navigation and Earth Science
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GENESIS: A huge Number of Scientific Benefits

Geodesy

• Improvement of 
the 
International 
Terrestrial 
Reference 
Frame (ITRF)

• Improvement of 
Earth rotation 
parameters 
(EOP)

• Unification of 
reference 
frames

Navigation

• Improvement 
on GNSS orbits 
and GNSS 
positioning 
(incl. Galileo 
HAS)

• GNSS antenna 
phase centre 
calibration

• Improvement 
on the POD of 
LEO satellites

Metrology

• Time transfer 
demonstration 
over inter-
continental 
level (with ALR)

Earth Sciences

• Improvements in 
sea level 
change 
measurements

• Improvement of 
ice mass losses

• Gravity field 
improvement 
(Long-
wavelength)

• Improvement of 
Earth radiation 
budget, etc
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A major impact on Earth Sciences and climate 
change space-based measurements 

Requirement: Accuracy of ITRF 
parameters: 1 mm & 0.1 mm/yr
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GENESIS Mission: additional technical 
benefits and potential market opportunities

1. Best ever GNSS Precise Orbit Determination (POD) achieved in orbit (mm level)

2. The most precise modelling of the non-gravitational forces 

3. First ever VLBI long baseline observation from an artificial satellite

4. Validation of multiple instruments of potential interest for future Galileo 
evolutions:

• VLBI
• DORIS
• On-board accelerometer (optional)
• ALR (optional)

5. Creating a plethora of new potential market opportunities in multiple industrial 
fields such as: intelligent transportation industry; timing industry; sensors & Internet of 
Things (IoT); surveying industry; etc. 

6. If GENESIS demonstrates the expected performance, there is a clear interest to 
ensure a long-term operational system
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GENESIS Mission: Key Technical drivers

1. The need of a Very Precise on-Board Metrology (calibrated ties): The offset 
between each payload and the satellite CoM shall be known with accuracies 
below 1 mm and shall remain within 1 mm-level during the whole duration of the 
mission. (adequate thermoelastic materials, extremely accurate on-ground 
calibration tests).

2. Highly accurate Precise Orbit Determination: GENESIS-1  will have to be 
able to determine the orbit with mm-order accuracies (best ever GNSS POD –
requiring a high success rate Integer cycle ambiguity resolution and very 
accurate radiation pressure model of the GENESIS-1 satellite

3. A common time reference for all on-board instruments (all geodetic 
instruments shall be referenced and  duly synchronized to each other)

4. Simultaneous operation/visibility of Geodetic techniques: leads to MEO or 
HEO orbit selection, driven by VLBI long baseline observability.
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Ensuring VLBI Long-Baseline Observability (> 70% time)

Region of InterestSatellite altitude

Av
ai

la
bi

lit
y



15

Visibility Percentage of all Geodetic techniques 
(MEO orbit selected 6000 Km height)

(Large baseline)
Note: Results computed by the Royal Observatory of Belgium (ROB)

Common 
Visibility of 
GNSS, VLB, 
DORIS and SLR 
around 75% of 
the time (10 
days simulation)
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GNSS on-Board Configuration (Baseline)

With redundant GNSS 
Zenit and NADIR 
antennas

Multifrequency and 
multi-GNSS receiver 
(redundant)

GNSS Receiver SW shall 
provide a high success 
rate Integer cycle 
ambiguity resolution
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Orbit 6000km circular
95.5° inclination
Direct Injection
Harsh Radiation environment

Wet Mass
w/ system margin

220 kg incl. adapter

Power
w/system margin

190 W during nominal mode

Dimensions Stowed Max Height 1460mm

Max Width 950mm

Max Depth 1015mm

Payloads
Mass & power w/maturity
margin 
(~ 40 Kg and 75 W)

GNSS 12.2kg, 21W
VLBI 2.4kg, 17.4W
SLR 1.6kg, passive
DORIS 21kg, 26.3W
USO 1.8kg, 12W

Communication/GSO S-Band used for TT&C
LGA
Ground station: ESTRACK Station

GENESIS Direct Orbit Injection – Preferred Solution
(ESA CDF Study confirmed mission feasibility)
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Instruments nadir (ESA CDF Study)

GNSS antenna DORIS 
antenna

SLR 
LRRVLBI 

antenna

Requirements:
- Nadir-pointing of DORIS, GNSS 

antenna nadir, SLR and VLBI
- GNSS antennas placed in the 

middle of the panel
- DORIS and VLBI might have EMC 

issues – position as far away as 
possible

- Unobstructed field of view for 
GNSS, DORIS and VLBI

Z

y

x
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Instruments zenith (ESA CDF Study)

GNSS antenna 

GNSS antenna 

Requirements:
- Zenith pointing of GNSS antenna 

zenith
- GNSS antennas placed in the 

middle of the panel
- Unobstructed field of view for 

GNSS

Z

y

x
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Instruments inside (ESA CDF Study)

VLBI 
EBOX

DORIS 
BDR

USO-DIS

GNSS receiver

GNSS receiver

GNSS switch

GNSS 
switch

Z

y

x
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Transponding GPS to VLBI users over S and X-bands 
to enhance GNSS/VLBI collocation ties accuracy

POTENTIAL COOPERATION WITH NASA (GRITSS)
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GENESIS High Level Implementation Schedule

GENESIS Mission 
(4 years development)

Plan

Request for Information - RFI July/Sept  2022
Ministerial Conference Nov 2022
Invitation To Tender issued Dec 2022/Jan 2023
GENESIS Kick-Off Q2 2023
Design Review Q3 2024
Integration Readiness Review Q4 2025
Launch 2027
GENESIS Operations ~ 2-3 years
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“ There is a very high scientific consensus 
that the GENESIS mission would deliver 
exemplary science and societal benefits 

across a multidisciplinary range of 
Navigation and Earth sciences applications, 
constituting a global infrastructure that is 

internationally agreed to be strongly 
desirable.”

GENESIS SCIENCE WHITE PAPER

A total of 75 specialised Scientists have contributed or explicitly 
expressed their endorsement to this White paper
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GENESIS: A great opportunity for Europe !

Thank you !
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