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GNSS and moon 
exploration: a great 

opportunity for Europe !

Dr Javier Ventura - Traveset
Head of Galileo Science Office

European Space Agency
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TWO TOPICS

1. Quick update on GNSS, on Galileo and GNSS Science 20 min

2. GNSS and Galileo for Moon exploration :  25 min
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¿How many cars are in the world? ¿How many GNSS/Satellite Navigation 

receivers are in the world?
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Satellite Navigation: a major ñutilityò on 
planet Earth

About 6.4 Billion satellite navigation receivers 

are today estimated in the world . 

The current forecast is that we will reach 8 Billion

satellite navigation receivers in 2024 (Source : 

GNSS Market Report GSA, Oct 2019)

Note : Today it is estimated that there are about

1.2 Billion cars worldwide and that the figure 

could reach 2 Billion in 2035 .
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GNSS RECEIVERS IN OUR DAILY LIFE

http://www.google.es/url?url=http://www.gpssmartsole.com/pre-order.php&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBgQwW4wAWoVChMIlI7j8dSXyAIVQbQaCh3B9Q1S&usg=AFQjCNHxkfr6DM0c_N1mQvMVlmqJi6hR1w
http://www.google.es/url?url=http://kncifm.cbslocal.com/2014/07/25/gps-smart-shoes-coming-to-your-feet/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CDoQwW4wEWoVChMIx_bY_9SXyAIVSzkaCh0ovA3Q&usg=AFQjCNGt02naMx4-1xovTbAIxWsaY1tHig
http://www.google.es/url?url=http://www.telovation.com/articles/gps-keyring-keeps-track-your-car.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CCQQwW4wBmoVChMIwPXp7tWXyAIVwl0aCh1edgvk&usg=AFQjCNEHO_SleyexKvF0NdgjcE3ywxRtBQ
https://www.google.es/url?url=https://screen.yahoo.com/voice-controlled-gps-helmet-help-152642169.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CDYQwW4wEDgoahUKEwjM-OKW1pfIAhVE1hoKHbnWBnA&usg=AFQjCNE_wiPxeE3I7H3txwrdA8izfqy8sw
http://www.google.es/url?url=http://shop.gps-speedsurfing.com/p/62/gps-speedsurfing-t-shirt-short-arm&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CCIQwW4wBjg8ahUKEwiX-Y371pfIAhXIuhoKHQu3BkQ&usg=AFQjCNFysLYtvsJ-ZA8T2I8B3YMdTJWsww
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MulticonstellationGNSS chips
(GPS, Glonass, Galileo, Beidou)

< 1 cm
2

area   < 5 euroscost

http://www.gpsworld.com.cn/wp-content/uploads/2012/03/broadcom-bcm4752.jpg
http://m2mworldnews.com/WordPress/wp-content/uploads/2012/10/u-blox-max-7-neo-7-lea-7.jpg
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A countless number of applications é

http://www.tiendapcline.com/catalog/images/pda.jpg
http://images.google.es/imgres?imgurl=http://www.panoramio.com/photos/original/7882389.jpg&imgrefurl=http://www.panoramio.com/photo/7882389&usg=__3Zaqfwx5TmmE7bv1bwtqawqd1Ow=&h=740&w=494&sz=230&hl=es&start=126&tbnid=teiuXkMpTbAUPM:&tbnh=141&tbnw=94&prev=/images?q=dep%C3%B3sito+de+gas&start=120&ndsp=20&hl=es&sa=N
http://images.google.es/imgres?imgurl=http://www.region.com.ar/productos/semanario/archivo/853/imagenes/costa_magica.jpg&imgrefurl=http://www.region.com.ar/productos/semanario/archivo/853/costa-cruceros853.html&usg=__3jeU5D2B_8HO7fjPntW9GZyiaSs=&h=315&w=420&sz=21&hl=es&start=4&tbnid=mM3qnkTD2xbshM:&tbnh=94&tbnw=125&prev=/images?q=transatl%C3%A1nticos&hl=es&sa=X
http://images.google.es/imgres?imgurl=http://www.slipperybrick.com/wp-content/uploads/2006/12/lg-ke850-mobile-phone.jpg&imgrefurl=http://www.slipperybrick.com/2006/12/lg-ke850-touch-screen-mobile-phone/&usg=__0M2ofMCYVgOM2pFVabBckDhxiOA=&h=527&w=500&sz=104&hl=es&start=3&tbnid=ADXoirgTyvWbWM:&tbnh=132&tbnw=125&prev=/images?q=mobile+phone&hl=es&sa=X
http://intermediarybank.com/wp-content/uploads/2014/02/Intermediary-bank-fees.png
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SATELLITE NAVIGATION AND THE 
EUROPEAN ECONOMY

Accordingto data providedby the

European Commission, it isestimated

that 10% of the European GDP depends

today on the availability of Satellite

Navigationservices. 
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Four Global Navigation Systems 
Worldwide

All systems operational in 2020 ! 

GPS

Beidou

Glonass

Galileo
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Global Navigation Satellite Systems Today

GPS
6 orbital planes

24 satellites + spares
MEO

55 ° inclination
20,200 km altitude

GLONASS
3 orbital planes

21 satellites + spares
MEO

64.8 ° inclination
19,100 km altitude

Galileo
3 orbital planes

24 satellites + 6 spares
MEO

56 ° inclination
23,222 km altitude

BeiDou
6 orbital planes

35 satellites: 
5 GEO, 3 IGSO, 27 MEO

56 ° inclination 
(IGSO & MEO)

23,616 km altitude
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THE GALILEO EUROPEAN SYSTEM
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Walker 24/3/1 
+ 6 spare satellites

Altitude 23222 km
Period: 14h 4min 42 Secs

inclination 56 degrees

THE GALILEO CONSTELLATION

Galileo Constellation

Walker 24/3/1 constellation

plus 6 in-orbit spares

Semi-major axis

29600.318 km

Inclination 56 deg

Period: 14h 4m 42s

Ground track repeat cycle

10 days / 17 orbits
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Plane A             Plane B             Plane C

2 in testing (NAV P/L only)

1 unavailable (NAV P/L only)

26 satellites in orbit

Navigation (22 in service)

Search and Rescue (23 in service)

2 no SAR (by design)

1 spare

Galileo Constellation Status

26 Satellites in orbit !



ESA UNCLASSIFIED - For Official Use IGS Workshop 2017 | 03/07/2017 | Slide  16

Galileo Satellites

Mass at Launch
Power Consumption
Dimensions
Orbit Injection
Attitude Profile

700kg
1420W
2.7 x 1.6 x 14.5 m
Direct into MEO orbit 
Yaw Steered

S/C Prime Contractor  Astrium GmbH 

(now Airbus Defence & Space)

All 4 satellites in-orbit

Mass at Launch
Power Consumption
Dimensions
Orbit Injection
Attitude Profile

733kg
1900 W
2.5 x 1.1 x 14.7 m
Direct into MEO orbit 
Yaw Steered

S/C Prime Contractor  OHB Systems GmbH

P/L Prime Contractor  SSTL Ltd

All 22 satellites in-orbit 

IOV 

FOC 
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Galileo Launches 

2 4 6 8 10 12 14 18 22 26

IOV FOC

2011  2012   2013   2014            2015                 2016          2017        2018

17

4 IOV & 10 FOC 

satellites 

launched 

with Soyuz

12 FOC 

satellites 

launched 

with Ariane 5
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Galileo FOC -M8
SAT 23 -24 -25 -26

VA 244
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ARIANE 62 SOYUZ

Future Launch services
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Long - Term Constellation Deployment

20

FOC Batch 3 
(FOC FM23 - FM36)

L10 
( FOC FM19,20,21,22)

G2G 
Transition Batch

G2G Transition Satellites procurement
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22

Signal In Space Ranging Performance

Å Decreasing Ranging Error trend due to increasing number of Satellites and G/S improvements

Å Ranging accuracy 0.27m (95%) all satellites in August 2019 FNAV 

2

2
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Positioning Performance & Availability
Á 4 more satellites operational since February 2019

Á Satellites in operational constellation: 22

Á Availability of H. Accuracy <10 m 100% (Average User Location)

Á Global PDOP <=6 availability 99.99 % (Average User Location)

Á Availability for Timing Service 100 %

Availability of Horizontal Position Accuracy < 10 m 
for 22 satellites

1.84m 
(95%)

Measured PVT Acuracy (Source TGVF)



ESA UNCLASSIFIED - For Official Use IGS Workshop 2017 | 03/07/2017 | Slide  24

TEST #1 15-08-2018 

6-8 Galileo satellites in view during the test

Å Dual Frequency (DF) 

measurements along with GNSS 

chipset algorithmic enhancements 

enable a significant reduction of 

positioning error 

Xiaomi Mi-8 (DF)Samsung S8 (SF)

Galileo phones display excellent performance 
thanks to advanced Galileo signal features

GALILEO provides dual frequency services
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GALILEO will soon provide High 

Accuracy Services (decimetre)  
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GALILEO SPECIALLY SUITED FOR SCIENCE
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1. Highly stable PHM atomic clocks (10 -14 per day)

2. Robust modulation schemes, large BW and low noise

3. Laser Retro Reflectors present on all Galileo satellites; 

4. Galileo satellitesô revolution period avoids Earth rotation 
resonances: Stable Galileo orbits without manoeuvres;

5. Radiation monitors in a number of satellites; 

6. High Accuracy (cm level) Services available soon

7. Metada information publicly available for Galileo IOC and 
FOC satellites 

8. Two Galileo satellites placed in an eccentric orbit (fantastic 
opportunity for General Relativity tests)

GALILEO SPECIALLY SUITED FOR SCIENCE
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Earth Science:

E01 Geodesy / Precise positioning

E02 Geodynamics, geophysics and oceanography

E03 Global tectonics

E04 Reference frames

E05 Ionosphere / space weather

E06 Troposphere / climatology

E07 Disaster monitoring

E08 Gravity field

E09 GNSS remote sensing, GNSS reflectometry

Space - Time Metrology:

M01 Atomic clocks for space and ground -segment

M02 Galileo timing system

M03 Time scales and time transfer

M04 Inter -satellite links

M05 Precise orbit determination

M06 High -precision clocks in receivers

Fundamental Physics:

P01 Test of General Relativity and alternative theories

P02 Fundamental constants

P03 Relativistic reference frames

P04 Relativistic positioning

P05 Astrometry, VLBI, pulsar timing

P06 Quantum technologies for PNT

P07    Hunting for Dark matter

P08    Amplitude of Gravitational Waves

Other GNSS Scientific fields:

T07    Supporting moon exploration

N01 Signal processing

N04 Sensors, hybridization for science

N06 Animal tracking / Migrations

T01 GNSS Big Data for science

T04 Cubesats and UAVs for GNSS science

T05 Software receivers / low -cost SDR platforms

T06 GNSS science and education

Galileo/GNSS  Scientific opportunities
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GALILEO ECCENTRIC SATELLITES WITH ACTIVE PHM CLOCKS 

AND VERY PRECISE ORBITS

Most accurate measurement ever of the General Relativity 

Gravitational Red-shift (Best measurement ever, improving last 

best available reference from NASA GP-A, more than 40 years ago)
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Source: Wroclaw University ( Polland ) of Environmental and Life Science

Measurements of Post Newtonian orbit geometry 
deformations caused by general relativity
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Assessing the possibilities of GNSS  technologies to test Einsteinôs GR 
predicted Gravitomagnetic Clock Effect (GMC) around the Earth

ZARM-University of Bremen
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Observatoire de Paris, CNRS, Royal Belgium Observatory

Search for dark matter with atomic 
clocks on board Galileo

Á Some of the theories about Dark Matter 
suggest this could consists of ultra - light 
scalar fields, forming topological defects 
and producing space - time variation of 
fundamental constants.

Á The large network of atomic clocks 
and electromagnetic links from the 
Galileo constellation could act as a 
gigantic detector of 60000 km of 
aperture to search for DM .
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óPulChron ô 
generating a Pulsar 

pulsar - based 
timing system

PulChron aims to 
demonstrate the 
effectiveness of a 

pulsar -based timescale 
for the generation and 
monitoring of satellite 
navigation timing in 
general, and Galileo 

System Time in 
particular

Pulsar SXP 1062

LOVELL TELESCOPE IN UK

University of 
Manchester and 
ǘƘŜ ¦YΩǎ bŀǘƛƻƴŀƭ 
Physical 
Laboratory
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By equipping a number of Galileo satellites with 
light Gamma Ray Burst (GRBs) detectors we 
could identify the location on neutron mergin

stars event with 100 -1000 more precision (sub -
degree level) that with current existing 

technologies and seeing all -sky.

Supporting multi -
messenger Astronomy 

with Galileo

Study with Max Planck Institute of Extraterrestrial Physics &
University of Munich (Germany)


