 XY-measurements

When taking XY-measurements of e.g. deviations from a special target perhaps the radial devia​tion should be calculated. This is of course a simple task using the theorem of Pythagoras.

If the X- and Y-deviations are normally distributed with mean zero and a common standard devia​tion of sigma, then the radial deviation is Rayleigh distributed. The mean and the standard devia​tion of the Rayleigh-distribution are 1.254( and 0.655( respectively where ( is the common stan​dard deviation for X and Y. (This is reasonable: all measurements (radii) are positive therefore the mean is not zero anymore. The standard deviation is also smaller.) Below we simu​late this:

erase c1-c100                      # Erases the columns c1-c100.

let k1 = 10000                     # Number of deviations.

random k1 c1 c2;                   # Creates k1 values from N[0; 2].

normal 0 2.                        # (X- and Y-deviations.)

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

descr c1-c3                        # Describes the three columns.

The simulation will most likely give a mean and a standard deviation of 2.5 and 1.3 approximately.

One way to see the result is to use the macro %Disttest. Also, a Rayleigh distribution is a special case of the Weibull distribution (a Weibull distribution with the shape parameter = 2 is a Rayleigh distribution. If the shape parameter = 1, the Weibull distribution is called an exponential distri​bution see e.g. the macro %WeibArea. The exponential distribution is also a special case of the gamma distribution). The data can be investigated via the menus [Graph]>[Probability Plot…], see the graph below. See also the document 'Rayleigh on the radio', available on www.ing-stat.se.
It is also worthwhile to investigate the measurement further. For example is there any correlation between the X- and Y-measurements? This can be investigated using the macro %CorrTest. If the data is stored in time sequence the macro %Diagn might show changes in mean over time. ■
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The estimated shape parameter is very close to 2, i.e. the Rayleigh distribution.


(NB that this simulation includes 500 values.)





Note also that the left part of the X-axis has a different resolution; this is also true for the bottom part of the Y-axis. This means that dots seemingly miss the straight line more that the dots of the higher ends of the scales.
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