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IS. ASTNAACT

The purpose of this work is to develop a means of estimating, in real
time, the average frequency of a random process, given only a tlme-limited
sample of that process. The averagc frequency of a random process is defined
in terms of the power spectral density. Previous estimators of average fre-
quency were mathematically based on estimating the power spectral dens.ity. In
this work, the average frequency is expressed in terms of the aujocorrelation
and cross-correlation functions, and a nev estimator is obtained which is bas
on estimates of these correlation functions. Two estimators presented in the
literature and the proposed estimator are compared, and expres31ons are obtai
ed for the power spectral density and autocorrelatiou function at each point
in the systems, exclusive of the outputs. Approximate expressions are obtains
for the bias and variance of the prLoosed estimator and one of the referenced
estimators. A lab. model of the proposed device wan constructed and tested
under several sets of operating condition3. It is f, und that, under typical
operating conditions, the proposed estimator perform.-s almost as well ac those
proposed earlier, and is simpler in form. For every short samples of the ran
dom process, however, the difference in variance becomes more noticeable.
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ABSTRACT

The purpose of this work is to develop a means of estimating, in
real time, the average frequency of a random process, given )nly a time-
limited sample of that process. Motivation for this study ia found in
the field of radar meteorology. In a rainstorm, the velocity of each
falling raindrop is a direct function of its size. If the rainstorm
is observed with a Doppler radar, the average frequency of the return
signal gives the meteorologist useful information about the sizes of the
raindrops present.

The average frequency of a random process is defined in terms of
the power spectral devsity. Previous estimators of average frenuency
were mathematic:ally based on estimating the power spectral density.
In this work, the average frequency is expressed in terms of the euto-
correlation and cross-correlation functions, and a new estimator is
obtained which is based on estimates of these correlation functions.

Two estimators presented in the literature and the proposed
estimator are compared, and expressions are obtained for the power
spectral density and autocorrelation function at each point in the
systems, exclusive of the outputs. Approximate expressions are
obtained for the bias and variance of the proposed estimator and
one of the referenced estimators.

A laboratory model of the proposed device was constructed and
tested under several sets of operating conditions. It is found that,
tnder typical operating conditions, the proposed estimator performs
almost as well as those proposed earlier, and is simpler In form.
For very short samples of the random process, however, the difference
in variance becomes more noticeable.

The following conclusions can be drawn:

While previous estimators of average frequency resulted from
estimates of the power spectral density, a new, simpler estimator can
be derived from estimates of autocorrelation and cross-correlation
functions.

In each estimator considered, the autocorrelation and cross-
correlation functions at each point exclusive of the output are
expressib..e in terms of these same functions at the input. For
the proposed estimator and a previous estimator, the bias and variance
"can be expressed, approximtely, in tcrrs of the input autocorrelation
function. For the two estimators, corresponding expressions contain
many similar terms.

For very long samples of the random process, all estimators
considered are asymptotically perfect.

The proposed estimator, while simpler and easier to construct
then previous oLes, has about the same variance as the others under
typical operating conditions, and should, therefore, find use in radar
meteorology.
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