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L.4.2 Locating an object through trilateration using time difference of arrival 

L.4.2.1 Overview of trilateration 

A transmitter (tag) sends a signal that is received by readers in at (at least) three different locations. Each 
reader notes the signal’s time-of-arrival (TOA). The difference in arrival times at any pair of readers 
implies that the transmitter was located somewhere on a known hyperbola. Using two reader pairs (one 
reader may be common between these pairs) implies that the tag resided at the intersection of two different 
hyperbolas. Figure L.4 illustrates this situation.  

 

Figure L.4—Locating a tag through trilateration 
 

Figure L.4 and the equations to follow all pertain to a two-dimensional (i.e. x, y) problem. If the tag is 
known to reside on some surface (e.g. in a pane or on a geoid) the equations can be readily modified to 
incorporate tag and reader elevation (z), without increasing the dimensionality of the solution. However, if 
tag elevation is unknown and to be evaluated, the equations must be altered to include z as a free variable 
and four readers will be required to produce a solution. 

L.4.2.2 Mathematical location solution 

Let tx denote the time when the tag transmitted from location (x, y). The kth reader, at location (xk, yk), will 
detect the signal at time toak = tx+ pk where pk denotes the time required for the signal to propagate from the 
tag to the reader. This propagation time is equal to the tag-to-reader separation divided by the speed of light 
c as indicated in the equation below:  
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