
1

ESA’s Initiatives on Support to 
GNSS Navigation for cis-Lunar 

Missions and GNSS Science

Werner Enderle

Javier Ventura-Traveset

Daniel Blonski 

05 Nov 2018, Xi’An, China 



2

ESA Activities related to 
Interoperable GNSS SSV  

•

ID Activity Objectives 

1 GNSS Space Service Volume Extension 
– Phase 1

Impact analysis and 
identification of technology and 
operational  drivers 

2 GNSS Space Service Volume Extension 
– Phase 2

Detailed Req identification and 
development of new POD 
concepts  for GNSS SSV and cis-
Lunar Missions

3 Next Generation of Space Receiver –
AGGA5

Identification of new 
Requirements 

4 NAVISP Study – Earth-Moon GNSS-
based System study and Receiver 
development

Activity related to the use of 
GNSS Signals for Moon missions 
and identification of potential 
Augmentation of GNSS 
Infrastructure on the Moon
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ESA Activities related to Interoperable GNSS 
SSV 

•

• Activity

• GNSS Space Service Volume Extension

• Main Objectives

1. Analyzing the impact of the GNSS SSV extension on 

- existing GNSS POD concepts for satellite missions in LEO, MEO, 

GEO, GTO, HEO, Moon and beyond

- existing GNSS software designs for space users 

- existing operational concepts for space users

- ground operations

taking full advantage of the extension of the GNSS signal 

availability for the before mentioned orbit types. 
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•

2. Identification of drivers for

- potential new POD concepts for satellite missions in LEO, 

MEO, GEO, GTO, HEO, Moon and beyond

- potential new operational concepts for space users that will 

perform OD, POD based on GNSS and/or users that will 

have GNSS receivers as an integral part of the AOCS, 

- communication demands between the ground and the 

space segment 

- potential changes of ground segment operations 

considering the GNSS SSV extension. 

ESA Activities related to Interoperable GNSS SSV 
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Some Conclusions

•

• Interoperable GNSS Space Service Volume is considered by 

ESA as an enabler for many new missions, ranging from 

science to fully commercial applications

• Interoperable GNSS Space Service Volume will drive 

developments of technology, new navigations concepts and 

algorithms for space users for LEO, GEO, HEO, Moon and 

beyond

• Interoperable GNSS Space Service Volume will have a 

significant impact on spacecraft design and operations 

concepts
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Some of the key challenges

▪ very low signal levels of GNSS signals; 

▪ kinematics of the receiver (e.g. high 

Doppler rates and Doppler shifts); 

▪ reduced visibility of satellites; 

▪ no access to navigation data 

▪ need of augmentations

Extending GNSS services to Cis-lunar Stduy

1) Earth-Moon and Moon-Earth transfer orbits

2) Lunar Orbit

3) Descent/Landing and Moon Surface Operations

Earth-Moon GNSS-based system study
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1. to perform a dedicated System study on the use of multi-

constellation GNSS for Earth-Moon missions: a) consolidating the 

necessary PNT User Requirements; b) assessing in detail all 

previous studies; and c) identifying a preliminary architecture with 

possible enhancements/augmentation to existing GNSS 

constellations, assessing its feasibility and associated 

performances (9 months study)

2. to develop and test a high-sensitivity GNSS space-borne 

receiver (target TRL5) that might be used in future demonstrations 

missions to gather data and support further system activities. The 

unit develop in this activity might be considered for a short In-Orbit 

Demonstration (IOD) mission (18 months development).

Proposals expected end of this year 2018. Activity planned to Be 

kicked-off in Feb 2019. First results available for ICG-14 in 2019.

Earth-Moon GNSS-based system study
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ESPRIT Potential European Contribution 
to Gateway Cis-lunar space station

ESA ESPRIT Module contribution
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FOSTERING GNSS SCIENTIFIC 
ACTIVITIES
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GALILEO SPECIALLY SUITED FOR SCIENCE



11

- Two on-boad two clock technologies, including Highly stable PHM atomic clocks

- New signals, robust modulation schemes with lower noise (e.g. E5-AltBOC); 

- Laser Retro Reflectors present on all Galileo satellites; 

- Metada public information available for Galileo IOC and FOC satellites 

- Geometry and material/optical properties 

- Satellite Group Delay

- Mass and Centre-of-Mass provision and Laser Retroreflector Location

- Absolute calibration of Galileo satellite antennas; 

- Accurate attitude law of Galileo satellites during eclipse.

- Galileo satellites’ revolution period avoids Earth rotation resonances: Stable Galileo 

orbits without manoeuvres;

- Radiation monitors in a number of satellites; 

- Galileo disseminates Galileo System Time (GST) and UTC information;

- Compatibility / interoperability with other GNSS systems;

- Two Galileo satellites placed in an eccentric orbit (e.g. Fundamental Physics tests).

GALILEO SPECIALLY SUITED FOR SCIENCE
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• 2 Galileo eccentric Satellites with 
8500 km in height difference per 
orbit

• Very accurate PHM clock 
on-board

• Very accurate orbit determination

• Continuous and long-term 
observation

• Possibility of laser ranging 
measurements

GALILEO and GENERAL RELATIVITY

Most accurate measurement ever of  Einstein’s predicted  

Gravitational Redshift. Improving GP-A tests from 1976

GENERAL RELATIVITY TESTS FULLY SUCCESSFULL 
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Two parallel Physical review Letters 
accepted – to appear this November 2018

Led by SYRTE/ Obsevatoire de Paris Led by ZARM/ Univ. of Bremen
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Galileo Science Support Centre 
(GSSC) portal opens this week

gssc.esa.int

The GNSS Science Support Centre (GSSC) is and initiative of ESA to foster GNSS 

scientific research and cooperation. It aims at integrating information and processing 

assets from all different GNSS scientific domains into a single virtual archive. 
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ESA GSSC Facilities 
at ESAC, Madrid (Spain)

Located at European Space Astronomy Center - ESAC

Towards a worldwide reference GNSS Science Exploitation 
and Preservation Platform
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Towards the provision of a GNSS 
spaceborne data repository for scientific 

Research

• ESA intends to provide via ESA’s GSSC 

portal single-entry point availability of 

public GNSS data observables from 

ESA/EU Earth Observation satellite 

missions.

• First natural candidates ESA Earth 

Explorers and EU Copernicus ESA 

Sentinel satellites (GOCE and SWARM 

data already included)

• Interest for scientific purposes and in 

support to future GNSS SSV activities.

• Interest for international cooperation. 

Proposed for discussion at WG-B.

GOCE, altitude: 268 km

SWARM, altitude: 450-530 km



SENTINEL 

SATELLITES



ESA/EUTMETSAT MetOp – C launch on Nov 7, 2018 

with GNSS Radio oculation (GRAS instrument)
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STUDIES PLANNED BY ESA IN SUPPORT TO PNT SCIENCE 
(Part of ESA NAVISP and EU H2020 programs 2018-2019)

1. Weather Monitoring based on GNSS and 

Crowdsourcing  (IoT and GNSS Science)

2. GNSS science exploiting commercial aircrafts

3. Space weather and GNSS (nowcasting &    

forecasting) 

4. Pulsar time-scale demonstration

5. Space-based  relativistic PNT system

6. PNT using Neutrino Particles 

7. GNSS and Dark matter

8. GNSS Big Data processing in support to science

9. Dedicated Cubesat GNSS Science program

10. GNSS performance at Polar & Antarctic latitudes



20

Fostering Science with GNSS 

Supporting GNSS Scientific Cubesats with 
Universities

Astrocast – ETH Zürich

Launch planned 19th Nov 2018.It includes several GNSS scientific tests (e.g. POD, 

air density estimation, radio occultation, etc).  First GNSS receiver in space 

tracking 5 GNSS Systems (GPS, Galileo, Glonass, Beidou and QZSS)
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Measuring Galileo performance in the 

Antarctica and performing several scientific 

tests (e.g. ionosphere, scintillation, etc)

Windsled expedition planned from 

Dec 2018 to Feb 2019

First ever measurement of Galileo 

perfromances  in Antarctica with the 

nominal Galileo constellation
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WindSled expedition 
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7th International Colloquium

Organised by ESA and ETH University, Zurich in 2019

7th GNSS / GALILEO Scientific Colloquium, 2019

This  bi-annual  colloquium brings together members of the International scientific involved 

in the use of Galileo and other GNSS in their research. The various possibilities to use 

GNSS satellites for scientific purposes are reviewed in detail during 3 days. 
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Thank you !


