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Motivation 
• RPS – a fully relativistic 

positioning system 

• High accuracy with no 
corrections 

• Autonomy – no ground 
tracking required 

• Enables measurements 
of gravitational field 

GNSS – Global navigation 
satellite system 

GPS, 
GLONASS, 
GALILEO, 
BEIDOU 



Timing corrections 
• Proper time( ): time indicated by an on-board clock 
• Coordinate time (t): time indicated by a clock very far 

away from any mass 

• Requirement: to determine the time of flight of light rays 
through curved spacetime 

•  Time transfer and Synge world function relationship 



Time transfer function 

•  Post Minkowskian metric 

•  Quasi Minkowskian light rays 

•  Time transfer function 



Time transfer function 
• Solving for dt 

• Expanded terms 

•  Time transfer function 
Linet & 
Teyssandier, 2014 



Time transfer function 
•  The time transfer function 

Shapiro, 1964 

Linet & Teyssandier, 2014 



Synge world function 

for light 



Synge world function 
• Proper time 



Simulating null coordinates 
•  Post Minkowskian to Schwarzschild •  Schwarzschild circular orbit 

•  Baby test 

Delva & Olympio 2011 

•  Results 



Simulating null coordinates 
•  Three satellites 

• Results 



Solving inverse problem 
• Expand everything! 



Solving the inverse problem 
•  3 Satellites 



Solving the inverse problem 
•  Inclined orbits – 4 satellites 



Solving the inverse problem 
• Elliptic orbits – equations of motion 



Solving the inverse problem 
• Elliptic orbits – 3 satellites 



Still to come 
•  Time transfer method applied to inclined eccentric orbits in 

solving the inverse problem 
• Use Synge world function to produce null coordinates for 

eccentric orbits 
• Determine whether Synge world function is applicable to 

the inverse problem 
• Develop ABC system with these semi-analytic solutions 
• Determine whether applicable to real world systems, e.g. 

the metric used in Andreja Gomboc’s talk 
• Compare with Andreja and Uros’s numerical method 
• Read off gravitational parameters 
• Applications in relativistic astrophysics??? 


