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Abstract:
The basic problem considered in this thesis is how to discretize a random process observed at one end,
and after transmission, to reconstruct the desired signal from the discretized data received at the other
end. The discretizing process consists of sampling, quantization and a presampling operation. The
system under consideration in this work can either be regarded as a data communication or a data
processing system.

The main purposes of this work are: 1. To solve for the optimal realizable pre-transmission filter
(prefilter) at one end, and the optimal realizable reconstruction filter (postfilter) at the other end using a
state-space representation and the innovations approach.

2. To investigate the functions of the optimal realizable pre- and postfilters in comparison with that of
the optimal unrealizable filters. 3. To investigate the smoothing problem as a function of allowable
delay.

The major contributions of this work are: 1. The state-space and innovations approach has been
successfully applied to derive the optimal realizable zero-lag pre-and postfilters. The initial step in the
procedure is to find the optimal post (pre) filter with a given pre (post) filter. Joint optimization then is
carried out for the special case in which the quantization noise and channel additive noise are absent.
The optimal filters are specified as solutions to differential equations in the state variables. 2. In the
absence of the optimal prefilter, the optimal finite-lag postfilter has been found. An error-reduction
factor and a delay-efficiency factor have been defined in order to study the effect of introducing delay
on reducing the error between the output of the system and the desired signal. 3. Numerical examples
of the performances of various systems have been worked out, and interpretations are given. 
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