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Abstract vii

Abstract

A phenomenon is observed by a multirate sensor array, constituting sensors each op-
erating at its own sampling rate. From the low resolution observations of the sensor
array, one has to estimate the signal of interest at a higher resolution. To achieve this
we develop a digital system model for the sensor array. Studying various issues in
modeling the sensor array as a nonuniform filter bank (NUFB), analysis results are
presented. We then develop equivalent uniform filter bank (UFB) representation of
this NUFB model. A generalisation of pseudocirculants, giving the necessary and suf-
ficient conditions for the alias reduction are derived. Thus, showing that these results
are useful in simplifying the LPTV systems. We further present the extension of the
generalised pseudocirculants for the analysis of general linear shift invariant (LSIV)
systems and cyclostationary signals. In course of our theoretical developments, the
generalised polyphase identity is obtained. We show how these results are useful in
understanding the behaviour of the re-sampled 2-D periodic signals.

Statistical analysis of multirate systems is considered later. We show that TFR
combined with blocking is a simple yet efficient tool for such analysis. Using the
standard polyphase decompositions we also show how this analysis fits naturally in a
framework of multirate systems.

Finally, the problem of data-fusion of the sensor array is addressed for two specific
scenarios. In the first scenario the analysis stage of NUFB is used as the model.
In the second scenario, to handle the sensor array with fractional delays, we use a
hybrid NUFB model. We design, the system using the minimax optimisation. Using
the general LSIV systems, we reduce the NUFB design problem to that of a UFB,
thereby removing the structural dependencies in the synthesis stage. As a part of
this analysis, the design relations developed for efficient realisations of the synthesis
systems are also presented.

The contribution of this thesis can be viewed as the development of techniques
that aid in the study and analysis of multirate sensor array processing. The specific
contributions of this thesis can be divided into the broad areas of:

(i) multirate signal processing theory
(ii) data-fusion algorithms.

e Our work first presents an analysis of an existing model for the multirate sen-
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sor array. We then present the generalisation of the pseudocirculants and the
polyphase identity. Showing that time frequency representation (TFR) is a
natural choice for statistical analysis of the multirate systems is also discussed.

e For the design of the data-fusion system, we use the H-optimisation where
the worst case error norm is minimised. This design technique is extended to
handle the more general scenario of fusing the data from the sensor array with

fractional delays.
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