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•• International colloquium on fundamental aspects and scientific International colloquium on fundamental aspects and scientific 
applications of Galileo and GNSS has been held in Toulouse on applications of Galileo and GNSS has been held in Toulouse on 
11--4 October 20074 October 2007. ANAE (. ANAE (AcadAcadéémie Nationalemie Nationale dede ll’’AirAir et deet de
ll’’EspaceEspace), Bureau des Longitudes,), Bureau des Longitudes, AcadAcadéémiemie de Marine and ESA de Marine and ESA 
(European Space Agency), are the main instigators of this (European Space Agency), are the main instigators of this 
colloquium meant to contribute to the 50th anniversary colloquium meant to contribute to the 50th anniversary 
celebrations of the launch of Sputnik.celebrations of the launch of Sputnik.

•• Scientific Program Committee ChairmanScientific Program Committee Chairman:: Jean Francois Minster Jean Francois Minster 

•• Venue: Venue: ToulouseToulouse, Cite de, Cite de ll’’EspaceEspace
•• Ca. 140 participantsCa. 140 participants
•• 95 papers95 papers



The colloquium addressThe colloquium addresseded three major issues:three major issues:

•• The fundamental aspects of navigation by satellites and Galileo:The fundamental aspects of navigation by satellites and Galileo:
geodetic and temporal reference frames, relativistic frame, on geodetic and temporal reference frames, relativistic frame, on 
board and ground clocks, orbits, board and ground clocks, orbits, radiativeradiative environment in orbit, environment in orbit, 
intersatelliteintersatellite links, fundamental aspects of propagation, links, fundamental aspects of propagation, 
tropospherictropospheric and and ionosphericionospheric corrections, calibration and corrections, calibration and 
validation, relations with international organisations (BIPM, validation, relations with international organisations (BIPM, 
IGS).IGS).

•• Scientific applications in meteorology, geodesy, geophysics, Scientific applications in meteorology, geodesy, geophysics, 
space physics, oceanography, land surface and ecosystem studies,space physics, oceanography, land surface and ecosystem studies,
using either normal or reflected signals, differential using either normal or reflected signals, differential 
measurements, phase measurements, measurements, phase measurements, occultations occultations using receivers using receivers 
placed on the ground, in airplanes or in scientific satellites.placed on the ground, in airplanes or in scientific satellites.

•• Scientific developments in physics and dealing with future Scientific developments in physics and dealing with future 
systems, particularly in testing fundamental laws, in astronomy,systems, particularly in testing fundamental laws, in astronomy,
in quantum communication, and in developing clocks or in quantum communication, and in developing clocks or 
experiments based on GNSS.experiments based on GNSS.



3 3 invitedinvited talkstalks

•• ImpactImpact ofof GlobalGlobal NavigationNavigation SatelliteSatellite
SystemsSystems on on GeodesyGeodesy andand GeophysicsGeophysics --
Gerhard Gerhard BeutlerBeutler, , UniversityUniversity ofof Bern, Bern, SwitzerlandSwitzerland

•• ColdCold Atom Atom SpaceSpace ClocksClocks andand FundamentalFundamental
TestsTests -- ChristopheChristophe Salomon, LKB, Salomon, LKB, ParisParis, , 

•• SoilSoil MoistureMoisture MonitorizationMonitorization UsingUsing GNSS GNSS 
ReflectedReflected SignalsSignals -- GiulioGiulio RuffiniRuffini et al., et al., 
StarlabStarlab, , SpainSpain



EarthEarth SciencesSciences

•• E01 E01 -- GeodesyGeodesy andand GeodynamicsGeodynamics
•• E02 E02 -- GeodynamicsGeodynamics
•• E03 E03 -- GlobalGlobal TectonicsTectonics
•• E04 E04 -- ReferenceReference FramesFrames
•• E05 E05 -- IonosphereIonosphere andand SpaceSpace WeatherWeather
•• E06 E06 -- TroposphereTroposphere
•• E07 E07 -- AtmosphericAtmospheric tomographytomography
•• E08 E08 -- EarthquakesEarthquakes
•• E09 E09 -- GravityGravity fieldfield
•• E10 E10 -- RemoteRemote sensingsensing ofof EarthEarth / Ocean/ Ocean
•• E11 E11 -- GNSS GNSS reflectometryreflectometry



E04 E04 –– ReferenceReference FramesFrames

•• TheThe GlobalGlobal GeodeticGeodetic ObservingObserving System System andand Galileo;Galileo;
RothacherRothacher, M. et al., M. et al.

•• TheThe InternationalInternational TerrestrialTerrestrial ReferenceReference System, Galileo System, Galileo 
andand otherother GlobalGlobal NavigationNavigation SatelliteSatellite SystemsSystems; ; BoucherBoucher, , 
CC et al.et al.

•• GGSP GGSP -- RealisationRealisation andand MaintenanceMaintenance ofof thethe Galileo Galileo 
TerrestrialTerrestrial ReferenceReference FrameFrame; ; GendtGendt, G. et al., G. et al.

•• TheThe International TerrestrialInternational Terrestrial ReferenceReference FrameFrame: : 
ITRF2005 ITRF2005 andand FutureFuture DevelopmentsDevelopments; ; AltamimiAltamimi, Z., Z.

•• TheThe TransformationTransformation betweenbetween thethe TerrestrialTerrestrial andand
CelestialCelestial ReferenceReference SystemsSystems: : NeedsNeeds andand PotentialPotential ofof
GPS GPS andand Galileo; Galileo; CapitaineCapitaine, N., N. et al.et al.



MetrologyMetrology

•• M01 M01 -- AtomicAtomic ClocksClocks ((OpticalOptical andand Maser)Maser)
•• M02 M02 -- Galileo timing systemGalileo timing system
•• M03 M03 -- TimeTime scalesscales andand offsetsoffsets
•• M04 M04 -- InterInter--satellitesatellite linkslinks
•• M05 M05 -- PrecisePrecise Orbit Orbit determinationdetermination
•• M06 M06 -- SignalSignal propagationpropagation aspectsaspects



PhysicsPhysics

•• P01 P01 -- SpaceSpace--TimeTime symmetriessymmetries
•• P02 P02 -- FundamentalFundamental constantsconstants
•• P03 P03 -- RelativisticRelativistic referencereference framesframes
•• P04 P04 -- EquivalenceEquivalence PrinciplePrinciple
•• P05 P05 -- GeneralGeneral RelativityRelativity
•• P06 P06 -- Astrometry, VLBI, Pulsar TimingAstrometry, VLBI, Pulsar Timing
•• P07 P07 -- AtomicAtomic physicsphysics for for clocksclocks
•• P08 P08 -- AstronomyAstronomy andand GNSSGNSS
•• P09 P09 -- Quantum Quantum nonnon--localitylocality andand decoherencedecoherence



P05 P05 -- GeneralGeneral RelativityRelativity

•• The ChronoThe Chrono--geometricalgeometrical StructureStructure ofof GeneralGeneral RelativityRelativity
andand ClockClock SynchronizationSynchronization; ; LusannaLusanna, L., L.

•• A A RelativisticRelativistic FrameworkFramework for for PositioningPositioning SystemsSystems;;
PascualPascual--SSááncheznchez, J., J.--F.F.

•• WhatWhat Galileo Galileo cancan LearnLearn fromfrom thethe ScientificScientific
InvestigationsInvestigations andand SomeSome ofof thethe ControversiesControversies on GPS on GPS 
andand RelativityRelativity; ; SpallicciSpallicci, A., A.

•• Possible Detection of the Gravity Field Disturbance Possible Detection of the Gravity Field Disturbance 
with Help of Gradiometerwith Help of Gradiometer onon thethe Galileo OrbitGalileo Orbit and and 
HigherHigher; ; Zielinski, J.B.,Zielinski, J.B., GalazkaGalazka, R.R., Peron, R., R.R., Peron, R.



P09 P09 -- Quantum Quantum PhysicsPhysics

•• EngineeringEngineering thethe Spectrum Spectrum ofof PhotonsPhotons for Quantum for Quantum 
MetrologyMetrology ApplicationsApplications; ; ValenciaValencia, A. et al., A. et al.

•• TheThe UtilizationUtilization ofof thethe Galileo Timing Galileo Timing SignalsSignals for for 
Quantum Quantum CommunicationsCommunications; ; CapraroCapraro, I, I et. al.et. al.

•• Quantum Quantum EnhancementEnhancement ofof TimeTime Transfer Transfer betweenbetween
RemoteRemote ClocksClocks LamineLamine, B., B. et al.et al.

•• PolarizationPolarization TransformationsTransformations on on QubitsQubits inin a a EarthEarth--toto--
SpaceSpace Quantum Quantum CommunicationCommunication System System InvolvingInvolving
Galileo Galileo SatellitesSatellites; ; BonatoBonato, C., C. et al.et al.

•• Quantum Quantum InformationInformation andand Quantum Quantum PhysicsPhysics inin SpaceSpace;;
UrsinUrsin, R. et al. , R. et al. 



ConclusionsConclusions
•• Establish an independent and committed scientific team Establish an independent and committed scientific team 

in support of Galileoin support of Galileo GNSS GNSS SSciencecience AAdvisorydvisory CommitteeCommittee
•• Elaborate a Elaborate a Scientific Opportunity Document for GalileoScientific Opportunity Document for Galileo
•• Facilitate access to data to scientists, including non Facilitate access to data to scientists, including non 

processed data.processed data.
•• Organize a second colloquium on the scientific and Organize a second colloquium on the scientific and 

fundamental aspects of Galileo fundamental aspects of Galileo PadovaPadova, , 1414--16 16 OctOct.. 20092009
•• Offer to the scientific community regular opportunities to Offer to the scientific community regular opportunities to 

embark secondary payloads onboard Galileo through embark secondary payloads onboard Galileo through 
open call for opportunities.open call for opportunities.

•• Encourage research based on Galileo signal through Encourage research based on Galileo signal through 
grants and support to workshops.grants and support to workshops.

•• Organise the cooperation between the system and signal Organise the cooperation between the system and signal 
providers, i.e. industries, operators, ESA and the providers, i.e. industries, operators, ESA and the 
scientific communities using the system.scientific communities using the system.



GNSS GNSS SSciencecience AAdvisorydvisory Committee Committee 
sscope:cope:

Support the preparation of announcements of opportunity Support the preparation of announcements of opportunity 
(AO) for science studies within the European GNSS (AO) for science studies within the European GNSS 
Evolution Program.Evolution Program.
Support ESA in evaluating the proposals in reply to the Support ESA in evaluating the proposals in reply to the 
AO.AO.
Recommend improvements to Galileo and EGNOS for Recommend improvements to Galileo and EGNOS for 
scientific applicationsscientific applications
Advise on secondary payloads for Galileo satellitesAdvise on secondary payloads for Galileo satellites
Report activities and progress to Report activities and progress to ESAESA’’ss High Level Science High Level Science 
Policy Advisory CommitteePolicy Advisory Committee



ScienSciencece Opportunity Document Opportunity Document scopescope::

•• TTechnicalechnical information as well as a summary of information as well as a summary of 
possible scientific activitiespossible scientific activities

•• 3 3 main parts  have been designatedmain parts  have been designated
1.1.Earth sciencesEarth sciences
2.2.MetrologyMetrology
3.3.Fundamental physicsFundamental physics



ProceedingsProceedings CDCD--ROM ROM cancan be be 
requestedrequested atat::

•• ESA ESA ConferenceConference BureauBureau
P.O. P.O. BoxBox 299299
2200 AG 2200 AG NoordwijkNoordwijk
TheThe NetherlandsNetherlands
Phone:+31 71 565 5005Phone:+31 71 565 5005

•• Fax:+31 71 565 5658Fax:+31 71 565 5658
•• Mail   Mail   esaesa..conferenceconference..bureaubureau@@esaesa..intint




