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Abstract

Advances in sensor technologies are enabling us to observe a phenomenon of in-

terest using several low-cost, compact, energy-efficient sensors. The low-resolution

observations from these sensors are then utilized to reconstruct the phenomenon at

high resolution. This reconstruction problem is challenging and the aim is to obtain

the phenomenon as accurately as possible with low implementation cost. In this

work, we address this problem to better reconstruct a signal from multirate observa-

tions resulting in several significant contributions. We model the observations as the

output of an analysis bank and carry out time-domain analysis to design an optimal

FIR synthesis bank. We pose this as minimizing the mean-square problem and prove

that at least one optimal solution is always possible. A parametric form for all opti-

mal solutions is obtained for a non-maximally decimated filter bank. The necessary

and sufficient conditions for an optimal solution that results in perfect reconstruc-

tion (PR) are derived as time-domain pseudocirculant conditions. This derivation is

a novel theoretical contribution to the multirate filter bank theory. We explore PR in

a more general setting which results in the ability to design a synthesis bank with a

particular delay in the reconstruction. Using this delay, one can achieve PR in cases

where it might not have been possible otherwise. Further, we extend the design and

analysis to observations having noise and non-uniform rates.

We next develop a recursive formulation for the reconstruction of a signal from

multirate observations. For that, we derive a new expression for the computation

of a synthesis filter bank for a given length. One can use the expression to obtain a

solution either directly or recursively from any smaller length solution, not neces-

sarily the solution corresponding to the previous length. Further, recursion can be

performed with arbitrary step size. The recursive formulation helps in studying the

properties of the solutions with variation in filter length. We derive the incremental

change in the mean-square error (MSE) with a unit increase in the filter length. The

case with zero MSE, resulting in PR, is also studied in the recursive framework. A

variant of the time-domain PR condition is derived to obtain recursive PR solutions

with respect to filter length. The uniqueness of PR solutions with changes in filter

length is also studied. Experimental results are presented to justify the advantage of

recursive solutions developed.
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We next carry out optimization of delay to reduce error in reconstructing a signal

from multirate observations. The desired signal in our framework is modeled as a

delayed version of the input signal because a suitable choice of delay can achieve

better reconstruction error. For that, we analyze the effect of change in delay on re-

construction error and synthesis bank solutions. Using this analysis, we develop an

optimization procedure leading to reduction in computation cost by a factor of deci-

mation rate. We derive an upper limit on optimum delay value, effectively reducing

the search space for optimization. Further, we present a result about the effect of

change in filter length on delay range under PR.

Lastly, we attempt an adaptive reconstruction of a signal from multirate subband

components. For that, we begin our analysis with the steepest-descent algorithm.

We highlight few unique characteristics of the algorithm when applied to the ma-

trix adaptive filter. For a given analysis filter bank, an infinite number of optimum

synthesis bank solutions are possible. We like to know the solution to which the

steepest-descent method will converge out of these infinite solutions. We theoreti-

cally answer this and obtain the steady-state solution for an arbitrary initial weight

value. We then analyze the least-mean-square (LMS) algorithm and find that three

update mechanisms are possible under the algorithm. We experimentally test these

update equations to compare their computational efficiency. For the normalized

LMS (NLMS) algorithm, we experimentally determine a better scheme for normal-

ization of the step-size. As the LMS/NLMS algorithm has slow convergence, we

explore alternative algorithms having good convergence. Finally, experimental re-

sults are presented to show the utility of our work.
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