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In sapplications concerning time-series analysis and
stochastic signal processing, one of the fundamental issues of
interest is that of modeling a given stochastic sequence. This
modeling essentially requires finite parameterization of the
infinite autocorfelation éequence of the given time series. The
autoregressive moving average (ARMA) models are an important
class of such parsimonious approximants. In the literature, which
is very rich, various techniques exist for the identification of
ARMA models from a given stochastic sequence. Most of these
techniques, however, suffer from certain drawbacks which either
make them infeasible innxa practical situation (due to the high
computational complexity involved) or render the resulting
solution suboptimal (due to the nonlinearity of the problem).

In the present work, an attempt has been made to
explore in depth the structure of ARMA processes starting from
first principles. By regarding the random variables as vectors in
‘a Hilbert space, some interesting and useful results have been
obtained concerning the nature of the multiple step sahead
predictors of = tiﬁe series. It is demonstrated +that the
predictor results obtained here, when used in conjunction with
the finite dimensional structure of the predictor space
associated with these processes, 1lead to an entirely new
representation for them. This representation, termed - here as the
! i ion" 3 and obtained by

exploiting some geometrical features of these processes, has a



number of useful and interesting properties. One of the major
applications of this representation is in' the ARMA parsmeter
estimation problem. Since the parameter space associated with the
ARMA problem is not a linear space, an order recursive solution
is usually not possible directly. With the help of the new PSR,
however, this problem can be decoupled into the estimation of two
sets of parameters whereby each of them has a linear parameter
space and therefore can be recursively updated.

With the new PSR at our dispossal, we seek a time as éell
as oréer recursive solution to the ABHA filtering and éarameter
estimation problems. We present a Hilbert space formalism for the
ARMA modeling problem fro? a given set of raw data. We, then,
derive a new projection opefator »updéte formula which is
pgrticularly{suited for the recursive solution of thé underlying
problem. Hithithe help of this projection operator update formula
and the Hilbért spacé formalism fo: the given data case, wWe
develop computationally efficient, exsct, recursive least squares
algorithm for the ARMA filtering problem. These recursions, we
observe, can.be put in the form of a filter structure.

The ARMA parameters, however, are not directly available
from the coefficients of the aforementioned structure. For this
purpose, two update relations are derived and used to obtain
recursive, exact least squareé algorithm for AR parameter
estimation from the coefficients of the structure. Whereas, an
efficient algorithm for the computation of the AR parameters
could then be developed, the derivation of similar efficient

schemes for MA parameter estimation has been somewhat illusive.



We, however, present two algorithms for MA parameter estimation,
one being exact (in the least squares sense) but computsationally
inefficient, and the other sapproximate but efficient. Some
numerical results are also presented to demonstrate the
feasibility of the proposed algorithms.

We also develop here a genéralized form of the predictor
space representation, for expressing the input-output
relationship of an arbitrary stochastic system in the .néw
framework, without constraining the input to be white. This helps
us to develop a new insight into the stochastic system
realization proBlem with arbitrary inputs.

Finally, we also asttempt here to present a unified view
of some related theories and results which have been developed in
other areas: such as design of digital filters using second order
statistics, the stochastic system realization problem etc. It is
_demonstraied that the new representation theory introduced in
this disse:tation provides some remarkably new interpretations of
several such results, sometimes even providing a physical picture

where it was not apparent before.
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