
European GNSS Evolution Programme 
 

ECOLE NATIONALE DE L'AVIATION CIVILE 

International Technical Symposium on Navigation and Timing ω мрǘƘ November 2016 

 



ÅContext  

 

ÅMethodology 

 

ÅR&D Directions and Instruments 

 

ÅDecision Roadmap 

 

 

2 

PRESENTATION CONTENT 
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Å Ordering final batch of GALILEO satellites 

 

Å Selection of a service OPERATOR 

 

Å Galileo Service VALIDATION Campaign + Initial SERVICES 

 

Å Adoptions of SPACE STRATEGY for Europe 

 

Å EGNOS Modernization launched 

 

Å Prepare strategic goals for Galileo 2nd GENERATION 

 

 

 

 

2016  HIGHLIGHTS 



EVOLUTION DEFINITION PROCESS  

Å EC's approach towards evolution of Galileo is to: 
ïCapture the strategic objectives and priorities of Member 

States (top-down analysis) 
ïUnderstand the changing GNSS environment (bottom-up 

entries) 
Åmarkets 
Ålessons learnt 
Åinternational scene 
Åuser changing habits 
Åtechnological capabilities 
Åsignals and frequencies trends 

 

Å Approach largely supported by consultations: 
ïMember States, in multi- and bi-lateral format 
ïEC's internal services for sectorial inputs 
ïESA, GSA and JRC 
ï Industry 
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GNSS TOMORROW 

Å At least 4 global constellations in Medium Earth Orbit  
ï > 120 satellites broadcasting signals 
 

Å Use of positioning and timing information (PNT) generalized 
ï The 5th utility (after water, electricity, gas, phone/internet) 
 

Å Emerging new requirement from user communities 
ï e.g. authentication , for applications requiring trusted position and 

timing information  
ïKey feature to enable new types of commercial applications such as 

"Pay As You Drive" (PAYD), "Road User Charging" (RUC), access to 
mobile content, etc.  
 

Å New technologies could compete with GNSS 
ï Terrestrial technologies (e.g. miniaturized sensors, mobile networks used 

for positioning) 
ïNew concepts for satellite-based positioning (e.g. mega constellations 

of small-size satellites)  
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CRASH COURSE 
 HOME DESIGN 



CURRENT SITUATION 
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THE ACTORS 

 
ïYour wife 

 

ïArchitect 

 

ïBuilding company 

 

ïBanker 8 



THE ACTORS - REPLAY 
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WHERE TO GO ? 
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Fancy 

Modern & Open 

Bigger 

Stronger 



EU MEMBER STATES - GUIDING PRINCIPLES  

 

Å Users are at the center of the evolutions: 
ï User-driven evolutions 

ï Quality of the service  

ï Backward compatibility 

ï Timeliness of introduction 

 

Å Positionning wrt  competitive environment 

 

Å A system optimized for service delivery 

 

Å Costs of development, deployment and 
operation shall be minimized: 
ï Cost-effectiveness 

ï Low complexity 
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WHERE TO GO ? USER NEEDS ς STARTING POINT 
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WHERE TO GO ? USER NEEDS ς MAIN DRIVERS FOR EVOLUTION 
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COMPETITIVE OR COMPLEMENTARY ? 

ÅSATELLITE BASED  

 

 

 

ÅGROUND BASED 
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ARGOS 



EVOLVING ENVIRONMENT 

ÅUse Cases 
ïUrban 

ï Indoor 
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ÅUnintentional 
Interference (testing, 
repeaters) 

ÅMultipath 
 

 

ÅMore hostile environment 
ïJammers 

ïSpoofers 

ïCyber attacks 

 

 



HOW ? SELECT YOUR TOOLS 

ÅBulldozer 
ïHeavy duty 

ïPossible restart from scratch 

ïRisk of collateral damages 

 

ÅHammer 
ïSerious remodelling 

ïTargeted impacts 

ïNot questioning basic  foundations 

 

ÅFine brush 
ïLocal improvements 

ïBorderline to cosmetics 
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TECHNOLOGY 
 R&D 



TECHNOLOGY 
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TECHNOLOGY ς WHAT DOES IT BRING ? 
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Lighter 

Stronger 

Energy Saver 

More reliable 

More precise 

Cheaper 



TECHNOLOGY ς WHAT ? 

ÅTechnical 
ï Investigate new technological solutions 

ï Improve existing solutions (performance) 

ïwŜŘǳŎŜ ǘŜŎƘƴƛŎŀƭ Ǌƛǎƪǎ όŦŀƛƭǳǊŜǎΣ ŜȄǘŜƴŘŜŘ ƭƛŦŜǘƛƳŜΧύ 

ÅEconomic 
ïReinforce the EU industrial and commercial competitiveness in 

GNSS 

ïCost effectiveness of retained solutions 

ÅStrategic 
ïEnsure independence of key elements of the supply chain 

 

 

20 



R&D INSTRUMENTS  

Å Important R&D actions have been launched by ESA in the context of 
EGEP. This is an important stepping stone towards the definition of 
G2G. 

Å The study of the evolution of Galileo at mission and system levels is 
supported by a strong R&D programme under the Horizon 2020 
envelope.  

ïTechnological and system level studies for a possible use in Galileo;  

ÅBudget is delegated to ESA 

 

ïR&D on mission and service evolution by EC, with the aim to assess the 
viability of new mission concepts or of new services.  

ÅGSA is also conducting specific R&D on applications and receiver 
technology: 

ïReceivers (fundamental elements) 

ïApplications 
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FRAMEWORK TO EVOLUTION R&D 

FUNDAMENTAL ELEMENTS 



MISSION & SERVICESς R&D TOPICS 

 

o EGNSS Robust Timing Services 
o Space Service Volume 
o ARAIM -> coming back to serving SoL communities 
o Emergency Warning Services 
o Commercial Service Evolutions 
o Search And Rescue ς Innovative serviced based on the 

return link 
o Galileo Regional Service (Cities, High Latitudes, Niche 

markets) 

o Ionosphere Prediction Service 

o SBAS Authentication 
o Signals Evolution 

 
 

 



MISSION & SERVICES  - THE EXAMPLE OF ARAIM 

ÅAdvanced RAIM is a natural evolution of RAIM 
ïUse redundancy to detect failures 

ïCope with multiple failures given the increasing number of satellites 

ÅCollaborative approach to share the implementation burden 
of SoL service: 
ïConstellation providers to commit on baseline performance 

ïAviation Community to baseline algorithms 

ïAir Navigation Providers to supervise commitments and elaborate 
integrity support messages 

ïReceiver -> burden of real  time detection 

ÅLong term cooperation EU-US to refine the concept 

ÅGPS and Galileo both addressing implementation steps for the 
future (gradual introduction of features) 

ÅStandard development to start soon 
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TECHNOLOGYς R&D TOPICS (1) 

Å Navigation Payload  (Signal Generation Unit) 
ïNew signals 

ï Flexibility to accommodate evolving needs 

ïSelf-compensating capability (thermal variations, config changes) 

Å Amplifiers 
ïMore efficiency 

Å Clocks 
ïMore reliable 

ïComplementary solutions (PHM, Rubidium, Caesium + Clock 
Ensemble for robustness)  

ï Less bulky 

Å Antennas 

Å Receivers 
ïOptimize signal processing 
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TECHNOLOGYς R&D TOPICS (2) 

ÅElectrical propulsion 
ïFlexibility for constellation maintenance 

ïCheaper launcher options 

 
 MANY TRADE-OFFS OPEN 

 

Å Inter-satellite links 
ïLess dependency on ground segment 

ïFaster information relay 

ï Improved ODTS  

(sub-meter-> enabler of carrier phase-based position) 

 

MANY TRADE-OFFS OPEN 
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