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CHAPTER V
CONCLUSIONS
 An analysis of the literature indicates that the
study of acceptable real time prbceésors that estimate
f, and/or B 'is.incdmplete.' The classical solutions in-
volvé complicatediequipment and, for'a.time limited meas-

urement, are difficult to use'in the case_of B. Bello's

“estimators (3) ére easy to lmplemerit. But, the lack of a
 statistical analysis of his results brings the value of

' these results into question. Therefore, this estimator .

requires further work,'-Although the system suggested by

- Ciclora (5) is shown to be statistically valid, it in-

volves analog filters which are difficult to synthesize
aééurately. Hénce,.in all.caséé the prﬁposed-real'timé
processor has éome_draﬁbécks. ) |

| Chapfer'll_introdﬁces-ahd develops the connection be-
twéenlBeilofs éstimators, which use the cOmpiex envelopé
és data for %a and B, and a classical approach, whieh usés_
the.periodogram as an estimator for the PSD._ The impor-
tance of this'result.deriVes-from the fact that 1t allows
a statistical anélysis of the classical estimators‘to be

applied to these direct parameter estimates. A second

- form of each of the eétimators is presehted. The latter

derivations utilize the instantaneous amplitude and in-
stantaneous frequency of the process as its data. This

polar form allows some additi¢n31 intuitive understanding
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of_thé quantilties being méaSured,:as well as providing a
second cholce for the implementatibn‘of each estimatdr,
The statistical analysis of Chapter III proves that
- the direct-estimatOrs are asympfotically unblased and
 have reasonable mean square errors.ﬁhich_ténd-to-zefo.
with order T°1, lAnothef result of interest arises f?om'-

~consideration of the mean square errors:

E(t,)

il

2=l P p2e2f e
(P°T) ff £75g(f + £,)af
e(8°) = (p°m)71 I (2 - B%)%E (e + £,)ar.
. . f . . 2
‘Both of these quantities arera'function.of the bandwidth
of $.(f). But, the'béndwidth'of S§(r)'is

va i) -

whére'Bg.is'the bandwidth of the spéctrum of the auxil-
iary wiﬁ@éw function that is employed. Therefdre, the
‘mean square error of }é_is minimiéed only‘in the qése of
a regtangular.window functlon. This result"for-}a is
reasonable. | |

This investigation has demonstrated the validitj of
two implementations_of‘feai tine estimatdrs for each of
the spectral parameters discussed. Since bofh implemen-
tafioﬁs vield equivalent fesults,Athe'choice of which im-
plementation to use may be left to the design engineer.'
The statistical analysis gives a measure of the relia=

bility of this instrumentation and can be used to deter-
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mine the length of timé_fequired to make the_measurément.
The magnitude of the RMS erfqr for an estimatof (%a or %).
1s k[B/T]l/e, where k_is-dependent on the estimator and
on the shape'of_thE'input spectrum. In Chapter IV 1t is
.seen.thét i1n the case of %a,.k ranges from 0.37 for a
gaussian shaped spectrum to a worst céSe of O.fl for a
spectrum consisting pf'twb 6-funetiohé 6f'equél welght.
In the c?ée of ﬁ; k'ranges from a best case of zero for
 two &-functions of equalsweight to O.29_for'the rectan-
gular Spectrum, it_should be noted thaf,_althdugh no
claim has been made that these estimators are opt imum
under the constraints giVen; no other estimatprs fbf :
thesé'quantities have been shown to have a smaller mean

square error.



