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Abstract

In the context of Global Navigation Satellite Systems (GNSS), a modern approach is that of
relativistic positioning. In Minkowski space-time, a relativistic positioning system (RPS) can be
thought of as a set of at least four emitters A (A = 1, 2, 3, 4) of world-lines γA(τA), broadcasting
their respective proper times τA by means of electromagnetic signals. In a RPS, the basic observable
is the set of four proper times {τA} received at an event x by the user. These are the user’s emission
coordinates.

Suppose the four world-lines γA(τA) are known in an inertial coordinate system {xα}3α=0, then
the location problem consists in finding the transformation between the user’s emission coordinates
and its inertial coordinates in that coordinate system, by solving the following algebraic system
of four non-linear equations: (x − γA)2 = 0, (A = 1, 2, 3, 4), where x is the sought user’s position
four-vector with respect to {xα}. The solution to these equations, mapping the user’s emission
coordinates to its inertial coordinates, is what we may call the RPS coordinate transformation or
the RPS solution [1].

The purpose of this communication is to bring the (non-relativistic) theoretical foundations of
current GNSSs closer to the RPS approach, by recovering from the RPS coordinate transformation
equation one of the classical solutions to the problem which is still in use today: Bancroft’s closed-
form solution (with four emitters) [2].
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