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1 ABSTRACT

The purvose of this work is to develop a means of estimating, in
real time, the average frequeancy of a random process, given >nly a time-
limited sample of that process. Motivation for this study i3 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 obserwved with a Doppler radar, the average frequency of the return

signal gives the meteorologist useful information about the sizes of the
raindrops present.

R TR T YT 47T T

The average frequency of a random process is defined in terms of
the power spectral dersity. Previous estimators of average frenuency
3 were mathematiscally based on estimating the power spectral density.

1 In this work, the average frequeacy is expressed in terms o the esuto-
1 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 expressicns are
obtained for the bias and varisnce of the proposed estimator and
one nt the referenced estimators.

A laboratory model of the proposed device was constructed and
tested under several sets of operating conditioms. It is found that,
under typical operating conditions, the proposed estimator performs
almost as well as those proposed earlier, and i{s simpler ia form.

- For very short saaples of the random process, however, the difference
3 in variance becomes more noticeable.

st it Mo s B oL O b AR A

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 autocorrelatfion and cross-
correlation functions at each point exclusive of the output are
expressible in terms of these same functions at the input, PFor
the proposed eatimator and a previous estimator, the bias and variance
can be expressed, approximztely, in terxs of the imput autocorrelation

function. For the two estimators, corresponding expressions contain
many similar terms.

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

The proposed estimator, while simpler and easier to construct
then previocus oves, has about the same variance as the others under

tvpical operating conditions, and sdould, therefore, find use in radar
meteorology.
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3 FOREWORD

Tihis report is a reprint of the Pa.D. dissertation of John J. Herro

who received his Ph.D. degrce in Electrical Engineering from Illinois

Lal g ) LA

Institute of Techmology in May 1973. This is the fourth Ph.D. topic

i

at 1IT which has originated from the association between the University
of Chicago and Illinois Institute of Technology in their joint operation

of the Laboratory for Atmospheric Frobing.

Dt i TER ALl e U

The work presented here provides further imsight to the wean

frequency estimation problem, a problem fimmdamental to radar meteorology

it gty

ard one which has assumed increased importance due to recent advances

in real time multigate digital processing. Herro's work adds to our

(4t LA L
v

unaerstanding of the operation of such devices and as such is a valuable

"

contribution to the rapidly advancing field of Dopp Radar Meteovology.

9’ e
Lester C. Peach
Associate Director
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Ramesh C. Srivastava
Acting Director

Laboratory for Atmospheric Probing
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Fig. 16. Patch Panel of EAT Model TR~-20 Analog Computer
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