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Relativistic positioning and geometry

2

Light cone
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texture for a 
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Self-positioning for navigation
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Bottom up (Minkowski)

4
Matteo Luca Ruggiero, Angelo Tartaglia, Lorenzo Casalino, Geometric definition of emission coordinates, Advances 
in Space Research, 69(12), 4221-4227

Space 1

Space 2

Time

E

R1 R4R3

R2

E: orbiting emitter

Ri: ground based receiver
xi’s: known coordinates

i’s: measured proper times
(synchronous clocks)
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Future light cone of the emitter
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Basic equations
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Null geodesic between the emitter and the ith receiver (Cartesian coordinates, Earth centered
non rotating frame): 

51: i

Subtracting the first from the other equations ends up with 4 linear eq.s for the four unknowns: 

xi’s, yi’s, zi’s are given ti’s are measured tE, xE, yE, zE are to be calculated
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Analytical solution

7

 
 
 
 

 
 
 
  














































































2

1

2

5

2

5

2

1

2

2

1

2

4

2

4

2

1

2

2

1

2

3

2

3

2

1

2

2

1

2

2

2

2

2

1

2

51515115

2

41414114

2

31313113

2

21212112

2

:2::

rrttc

rrttc

rrttc

rrttc

N

zzyyxxttc

zzyyxxttc

zzyyxxttc

zzyyxxttc

C

z

y

x

t

E

E

E

E



𝐶 ∙  = 𝑁  = 𝐶−1 ∙ 𝑁

   
   















jjj

jjjj

jjjj

rrzz

trtryy

trtrxx







coscos

sinsinsinsin

cossincossin

111

1111

1111

Include Earth’s
rotation

2222

jjjj zyxr 



Gravitational effects
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Schwarzschild approximated symmetry

Radial null trajectory
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Rotation of receivers and proper times
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Uncertainties and errors
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Position of the receivers on the ground Systematic errors: xi,…

Arrival times measurement Measurement uncertainty: i

Then, of course, one has the propagation through the atmosphere

Numerical implementation is under way
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Thank you


