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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).

ITRF Targets

Accuracy: 1 mm
Stability: 0.1 mm per year
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UN Resolution A/RES/69/266: A global geodetic Cesa
reference frame for sustainable development

i ions Alresieoncs

The importance of accurate and stable @) cerera Assemiy e
reference frames is specifically highlighted in
the UN rESOIUtiOn on ”Global Geodetic Resolution adopted by the General Assembly on 26 February 2015

[without reference 1o @ Main Commiitee (A/69/1.53 and Add 1))

Reference Frame (GGRF) for sustainable

eneral Assembly,

V24 Q ® rming the purposes and principles of the Charter of the United Nations,
evelopment nite ations P
’ endorsed the resolution The Space Millcnnium: Vienna Declaration o

Space and Human which included, inter alia,
improve the ¢ ¥ transport, search and resc

General Assembly, 2015), where UN Member e e L T
States are invited to support the geodetic
infrastructures and enhance the global geodetic s

velop

n which it
Sustainable

o account the need for buill

hich Heads of State and Government recognized

reference frame, both being at the core of the A

Noting Economic and Social Council resolution 2011/24 o
which the Council established the Commitice of Experts

mission of the GENESIS Programme.

and Peaceful Uses of Outer Space
6. chap. 1. res
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Co-location of GNSS, C0—|Ocati0n in
VLBI, SLR and DORIS
in Space S pace

\
mrmcm geometric tie
@ clock tie

AR atmospheric tie

i S / Co-location on

G/Obal Geodetic Observing System
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Example of multi-geodetic reference site (Wettzell) »@‘ esa
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Co-location fundamental station Wettzell, Bavaria
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Terrestrial (local) Ties and systematics
modelling challenges

ITRF 2020

ITRF2020 Sites

o 90"
#VLBI eSLR «GNSS (QDORIS

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)

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 technigues.

A dynamic space geodetic observatory which will
contribute to determine all the instrumental biases
inherent to the different Geodetic observing techniques
simultaneously
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|TRF The foundation for all space- and ground-based
observations in Navigation and Earth Science

‘-‘r .
Credits: UNGGRF http://www.unggrf.org/
el All navigation and positioning applications rely on accurate and reliable

sl ITRF. The ITRF provides the foundation for all space- and ground-based

kinematics and

e kinaratics variations observations in Earth Science. The ITRF is the unique framework is
needed for monitoring and ultimately understanding the Earth system
as a whole.

F/s Scientific applications drive the requirements for the realization of the
| Rotations frame parameters (supporting GGOS goals and UN Resolution on

“\L_ sustainable development,(A/RES/69/266).

Gravity
Nutation,
precession,
polar motion, Mass
LOD variations redistribution

,“‘/

Accuracy: 1Imm
Stability: 0.1 mm/year

Adapted from: Global Geodetic Observing System. Meeting
the requirements of a global society on a changing planet,
Plag and Pearlman Eds, 2009 8
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|TRF The foundation for all space- and ground-based

observations in Navigation and Earth Science

- Sea-level change - Weather/climate
ENABLED SCIENTIFIC APPLICATIONS =~ - Water cycle - Ecosystems
- Geological hazards - Geodynamics
i - Land and ice deformation and change h
- Sea-surface height - Mass change
GEOPHYSICAL OBSERVABLES - Atmospheric parameters i Sur;ace_rnd ground water
I_ - Land and vegetation topography and soll moisture
l - Time-variable gravity - Radio occultation
EARTH ORBITING MISSIONS - Altimetry - GNSS reflections from space
- InSAR and SAR - Optical change detection
AT
‘ - Precise positions - Gravity field
PRIMARY GEODETIC PRODUCTS - Orbit determination - Reflection and signal-to-noise ratio
r - Earth rotation - Total electron content and tropospheric delay
- Station coordinates as function of time - Scale
TERRESTRIAL REFERENCE FRAME - Origin (Earth system center of mass) - Orientation
- Geodetic techniques (SLR, VLBI, GNSS, DORIS) - Experts
GEODETIC INFRASTRUCTURE \ e s e j

“"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.”

CONSENSUS STUDY REPORT

EVOLVING THE

GEODETIC
INFRASTRUCTURE

TO MEET NEW SCIENTIFIC NEEDS

1

(Source: US National Academy of
Science- Engineering- Medicine)
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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

_ 1 4 e IZ == W = =

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)

B N

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

Earth Rotation W

Tectonic motion
Image: & deformatiOﬂ

© Thierry Moens
© Olivier de Viron

Ice melting
| through satellite
© Olivier Jamet ” . o iy a]timetrv

© Zuheir Altamimi
© ESA

o CNES " | Post-Glacial |
Rebound

iy,

Precise Orbit
Determination Sea-level
‘ ' variations via
satellite and
tide gauges

Volcano eruptions

& their > -
— N % Crust response to
observations b 7

/ L & loading effects
X [Co & Post-Seismic il i

Requirement: Accuracy of ITRF

deformations parameters: 1 mm & 0.1 mm/yr
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GENESIS Mission: Key Technical drivers ‘% @esa

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).

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

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

Simultaneous operation/visibility of Geodetic techniques: leads to MEO or
HEOQO orbit selection, driven by VLBI long baseline observability.
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Ensuring VLBI Long-Baseline Observability (> 70% time)
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10000.0

Satellite altitude Region of Interest
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Visibility Percentage of all Geodetic techniques
MEO orbit selected 6000 Km height

oo

Common
Visibility of
GNSS, VLB,
DORIS and SLR
around 75% of
the time (10
days simulation)
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Common SLR+VLBI VLBI SLR GNSS GPS
(GNSS+VLBI+SLR) (GPS or Galiieo)

Note: Results computed by the Royal Observatory of Belgium (ROB)
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GNSS on-Board Configuration (Baseline)

Z1 z2

With redundant GNSS

| SwithZ | - Zenit and NADIR

antennas

Multifrequency and
B.2 multi-GNSS receiver
(redundant)

GNSS Receiver SW shall
provide a high success
rate Integer cycle
ambiguity resolution

N1 N2

GFM?ST‘«‘;ZEE?J
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GNSS visibility and POD accuracy Analysis

POD Analysis - Main Results: Satellite Position Formal Errors (mm)

2.500
POD With Cycle POD Without Cycle
Ambiguity Resolution Ambiguity Resolution
2.000 |
1. 500 —
m X-pos (mm)
m Y-pos (mm)
m Z-pos (mm)
1.000 - | o 3-D (mm)
0.500 -
0.000 ‘ : ‘ ‘ ‘ :
GPS + GAL GPS GAL GPS + GAL GPS GAL

Gesian faciity
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Wet Mass
w/ system margin

Power
w/system margin

Dimensions Stowed

Payloads

Mass & power w/maturity
margin

(~ 40 Kg and 75 W)

Communication/GSO

GENESIS Direct Orbit Injection — Preferred Solution
(ESA CDF Study confirmed mission feasibility)

6000km circular

95.5° inclination

Direct Injection

Harsh Radiation environment

220 kg incl. adapter

190 W during nominal mode

1460mm
950mm
1015mm

Max Height
Max Width
Max Depth

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

S-Band used for TT&C
LGA
Ground station: ESTRACK Station
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Instruments nadir (ESA CDF Study)

GNSS antenna DORIS
‘ antenna

Requirements:
- Nadir-pointing of DORIS, GNSS
antenna nadir, SLR and VLBI

SLR -  GNSS antennas placed in the
VLBI LRR middle of the panel
antenna - DORIS and VLBI might have EMC

issues — position as far away as
possible
- Unobstructed field of view for

|<' GNSS, DORIS and VLBI
Y

GENESIS-1| Slide 18 ESA UNCLASSIFIED — For ESA Official Use Only <Domain Name>




Instruments zenith (ESA CDF Study)

GNSS antenna

Requirements:

- Zenith pointing of GNSS antenna
zenith

- GNSS antennas placed in the
middle of the panel

- Unobstructed field of view for
GNSS

_T_

GNSS antenna
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Instruments inside (ESA CDF Study)

VLBI | []
EBOX

GNSS
switch \;J[

USO-DIS

GNSS switch
GNSS receiver

DORIS
BDR

GNSS receiver

GENESIS-1| Slide 20 ESA UNCLASSIFIED — For ESA Official Use Only <Domain Name>



Optional Payload 1: Active Laser Ranging (ALR) Lesa

An ALR is a highly recommended optional
payload for the GENESIS-1 mission which
would allow demonstrating (in addition to
core Mission objectives) time transfer over
inter-continental level and on-board
synchronisation with ground clocks. Given

its low SWaP (< 1 Kg and < 1 Watt) and
scientific interest its integration is highly
desirable.
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ELT
European Laser Timing Experiment

ACES . 0 Licor
timescale : !

gound G : | >
timescale T b Lo

Totfset™= tstopz'tslan’, 2- tstop‘l + tRelalivity + TAlmosphere + TGeomelry

We need fullrate data with ps resolution of tg,,, !!!

High-TRL but upgrades to adapt to the GENESIS-1

specific mission needs

21
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Optional Payload 2: Accelerometer @esa

Integration of an accelerometer on-board will further support high-precision orbit
determination, the modelling of non-conservative forces and would also allow in-orbit
determination of the satellite Center of Mass (CoM).

INAF, TAS-I (I) — accelerometer

Bepicolombo, JUICE (2023) ONERA(FR) - accelerometer

GRACE

High-TRL but upgrades to adapt to the GENESIS-1 specific mission needs

22

Il b ez ™0 = I ™ = " 110 D - I Il = := 1 5 = im ¥l » THE EUROPEAN SPACE AGENCY



POTENTIAL COOPERATION WITH NASA (GRITSS)

GPS Rx Antenna S-band Tx Antenna National Aeronautics and

Space Administration

X-band Tx Antenna Headquarters.
Washington, DC 20546-0001

Common Controller w/ Integrated Firmware
A Aaplyto Ann ot SMID/Earth Science Division

Dr. Javier Ventura-Traveset

Head of Galileo Navigation Science Office - NAV-P
B GPS Receiver S-band Transmitt s ; Cromi

European Space Agency

Dear Dr. Ventura-Traveset,

NASA and ESA have a common interest in space geodesy in support of our respective Earth
science

2 As the found: for modern posit 12, navigation, and timing
applications, the importance of space geodesy to science, commerce, and civilian society is
clearly demonstrated on a daily basis, from the navigation of automobiles, ships, aircraft and

powerful new techniques for monitoring the Earth system as exhibited in measurements of water
resources, sea level rise, ocean circulation, and atmospheric weather.

| | satellites to the accurate time transfer required by our communication systems. It also enables

Of particular importance to NASA is the ce and imp of the I 1
Terrestnal Reference Frame and the daily measurements of the Earth Orientation Parameters that
are essential for spacecraft navigation and to geolocate Earth observations. The generation of

¢ products relies on the Global Geodetic Observing System of geodetic ground
stations. NASA is making significant investments in upgrading the NASA Space Geodesy
Network and we were excited to learn about the proposed GE! S program that includes a
geodetic observatory for co-location of the geodetic techniques in space. We are interested in
exploring potential cooperation in this mission and how it can be used to improve the geodetic
products, particularly the International Terrestrial Reference Frame. Please keep us informed on
the development of this interesting program.

NASA GRITSS INSTRUMENT BLOCK DIAGRAM csri%)o

Benjamin Phillips
Lead, Earth Surface and Interior Focus Area
NASA Science Mission Directorate, Earth Science Division

Transponding GPS to VLBI users over S and X-bands

NASA Goddard Space Flight Center/Stephen Merkowitz

to e n h a n Ce G N S S/V LBI CO | Iocati O n tieS a CC u ra Cy NASA Office of Intenational and Interagency Relations/Peyton Blackstock
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GENESIS High Level Implementation Schedule et @oesa
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GENESIS SCIENCE WHITE PAPER

GENESIS-1

CoO-LOCATION OF GEODETIC TECHNIQUES IN SPACE

PB-NAV version: April 20th, 2022

" 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.”

A total of 75 specialised Scientists have contributed or explicitly
expressed their endorsement to this White paper
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