 A statistical thinking – something about radial deviations
In a scientific radio program (3rd of May 2000) they said that the average error in the GPS (Global Position System) now is 9 meter (earlier 64 m) as an added distortion had been removed.

How can you sharpen your statistical thinking using this information? Maybe according to the following reasoning: the error is the radial distance to the correct position and this distance is distri​buted according to a so-called Rayleigh distribution if the X and Y-deviations are normally distributed as N[0, ]. The radial distance is calculated using the theorem of Pythagoras.

How large is then  for these deviations? In the following formula  is the mean of the Rayleigh distribution but  is the standard deviation in X and Y. (The expression for the standard deviation of the Rayleigh distribution is not given here to avoid confusion). This means that if we know the  of the X and Y we can easily calculate  of the Rayleigh distribution:

 = 1.254(              and with the values above we get                 9 = 1.254(
which gives that ( for the X- and Y-deviation is ( = 7.2 meters, respectively.

Radial deviations, and thereby the Rayleigh-distribution, are very important in the manufacturing of electronic devices as there are many holes to be drilled and many components to be placed in the XY-plane. 

Note also that the Rayleigh-distribution really is a Weibull-distribution when the ’a’-parameter (the so-called shape parameter) is 2. See e.g. the macro %WeibArea. This can easily be veri​fied by a simple simulation using Minitab:

Random 1000 c1 c2;                # Creates 1000 X- and Y-deviations

normal 0 7.2.                     # with ’mu’ = 0, ’sigma’ = 7.2.

let c3 = sqrt(c1**2 + c2**2)      # Calculates radial deviation.

describe c3                       # Gives mean value approx 9.

Then use the menus [Graph]>[Probability Plot…] and chose column c3 and make sure that ’Weibull’ is chosen. This gives a graph where the estimated value of the shape parameter is approximately 2, i.e. a Rayleigh-distribution. Use also the %Disttest macro.

Test also a simulation of other values of (. The shape parameter is still approximately 2 (although the so-called scale parameter is of course different).

Another suggestion.  The following commands plot the X-deviations against the Y-deviations:
plot c1*c2;                       # Plots c1 against c2.

aspect 1 1;                       # Makes the plot square.

scale 1;

max 25;                           # The following four rows create the 

min -25;                          # same scale on the two axis.

scale 2;

max 25;                           # Scale 1 is the X-axis, 2 is the Y-axis.

min -25.

Concluding remarks.  The reasoning above is based on the assumption that the message on the radio just meant the average radial deviation. It is unlikely that they meant a (systematical) average deviation in the X- or Y-direction. The engineers would most probably be able to correct such a systematic deviation by some magic with the electronics (a displacement of the average is, at least sometimes, easy to perform). 

The average deviation in the radial direction consists of the standard deviation inherent in the system and is the result of many small sources of variation.

As always it is necessary to express oneself rather unambiguous!!  ■
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