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Introduction

• RUAG Space changed its name to Beyond Gravity in May 2022

− We built the GRAS-1 instruments for ESA/EUMETSAT

− We are currently building the GRAS-2 instruments for ESA/EUMETSAT

− We have initiated a project to launch a commercial RO system based on the GRAS-2 

instrument
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GRAS-1

• The GRAS-1 instrument is present on the MetOp A/B/C satellites

− MetOp-A launched 2006, deorbited 2021

− MetOp-B launched 2012

− MetOp-C launched 2018

• GRAS-1 performance

− L1(C/A), L2(Y)

− 0.5 urad BA accuracy

− With 3 operating instruments ~2000 occs/day

− Data availability exceeding 99.9% since 2007

− Continuous Reliable and Stable on-orbit performance. 

GRAS-1A life > 15 years, designed for 5.5 years.

− GRAS-1: More occultations than any other 

RO mission, close to 7Mocc and still ticking

− Transition from 50 to 1000 Hz at low altitudes: 

use care in overlap region, 1000 Hz should be used for 

BA as much as possible
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GRAS-2 instrument

• MetOp-SG will be 6 satellites flying in three pairs:

− First pair launch 2024/2025

− Second pair launch 2031/2032

− Third pair launch 2038/2039

• GRAS-2 will be on all satellites

• Will track Galileo, GPS and BeiDou: L1 and L5

• Designed life time 7.5 years nominal, 9.5 extended
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GRAS-2 instrument
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Sat-A Sat-B



Beyond Gravity Sweden AB

GRAS-2 instrument
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Performance Remark

Number of 

occultations:

1900-2100/day with 27-30 satellites per GNSS 

constellation (Galileo, GPS, Beidou)

Bending angle 

accuracy:

<0.5 urad >35 km altitude

SLTA coverage: -300 km to 

600 km

Adjustable

Sample rate: 200-250 Hz
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GRAS-2 performance test results

• Root-mean-square (RMS) accuracy of the post-

processed neutral bending angle 

measurements is 0.3-0.4 µrad (typical value) in 

the upper atmosphere

• EUMETSAT requirement is <0.5 µrad

• Test set-up includes a signal generator capable 

of simulating three GNSS constellations 

(Galileo, GPS, BeiDou) and modulation from a 

representative set of atmospheric profiles

• Instrument output is provided to a Ground 

Processor Prototype which produces the 

neutral bending angle profiles
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GRAS-2 development status

• RO Proto Flight Model (PFM) was delivered to ADS-Toulouse in 2020

• Satellite level RO testing on Sat-A PFM is ongoing

• Flight Model 2 (FM2) was delivered to ADS-Friedrichshafen in 2021

• FM3 and FM4 including BeiDou have been successfully tested at Beyond Gravity and are 

being prepared for delivery

• FM5 and FM6 are under integration at Beyond Gravity 

8



Beyond Gravity Sweden AB

RO integrated on Sat-A PFM (1 of 3)
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Source: Airbus Defence and Space SAS/GmbH.

Notes: MetOp-SG is a collaborative programme between ESA and EUMETSAT. Airbus Defence and Space is Prime contractor, 

under ESA, for the two Satellites series contracts. Picture shows satellite in assembly phase and not in its final configuration
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RO integrated on Sat-A PFM (2 of 3)
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Source: Airbus Defence and Space SAS/GmbH.

Notes: MetOp-SG is a collaborative programme between ESA and EUMETSAT. Airbus Defence and Space is Prime contractor, 

under ESA, for the two Satellites series contracts. Picture shows satellite in assembly phase and not in its final configuration
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RO integrated on Sat-A PFM (3 of 3)
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Source: Airbus Defence and Space SAS/GmbH.

Notes: MetOp-SG is a collaborative programme between ESA and EUMETSAT. Airbus Defence and Space is Prime contractor, 

under ESA, for the two Satellites series contracts. Picture shows satellite in assembly phase and not in its final configuration
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Commercial RO with GRAS-2

• Sell RO data on commercial basis (NWP, Climate, Space 

Weather etc.) 

• Teaming partner with qualified LEO satellite platform

• Launcher provider and satellite operation bought service

• RO data distribution and processing in the cloud
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Commercial RO with GRAS-2; ESA 
InCubed
• Our project aims to fly the GRAS-2 instrument on 

small dedicated satellites from 2024

• We aim to achieve this with the help of the ESA InCubed program

• ESA InCubed – Incubed stands for “Investing in Industrial Innovation” and is a Public 

Private Partnership co-funding programme run by the ESA ϕ-lab

• The aim of InCubed projects is that ESA co-funds the 

project with 50% until it reaches commercial viability

• Our application is currently under review by ESA
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