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This project has accomplished research

work for the development of the theory and

system structure of FIR nonuniform division
filter (NDF) banks with +1,0,-1 coefficients.
Utilizing an approximation scheme and a
WLS algorithm, we have developed a method
to design a two-channel NDF bank with
continuous coefficients under each of two
design  criteria, namely, least-squares
reconstruction error and stopband response
filters and

for  analysis equiripple

reconstruction error and least-squares
stopband response for analysis filters. It is
shown that the optimal filter coefficients can
be obtained by solving only linear equations.
In conjunction with a proposed filter structure,
a method is then presented to obtain the
desired design result with filter coefficients
—-1,0,+1 The

constrained  to only.

effectiveness of the proposed design

technique is demonstrated by several

simulation examples.
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Due to the fact that multimedia
information becomes a necessary part of
modern life, processing the speech or audio
signals of multimedia information has been
viewed as an important work. However,
uniform subband decomposition is not an
appropriate  scheme to  match the
requirements for the subband coding of
speech and audio signals. The most
appropriate decomposition must consider the
critical bands of the ear. It has been shown
that these critical bands have nonuniform
bandwidths and cannot be easily constructed
by conventional tree structure based on
two-channel QMF banks.

Hardware implementation for an NDF
bank generally requires large and complicated
digital circuits because NDF banks are
designed with real or complex coefficients.
To achieve circuit complexity reduction or to
speed up filtering operation besides concern
for the overall performance, it is preferable to
design a NDF bank with coefficients
restricted to —1,0,+1 only. Therefore, it is
worth exploiting the design problem of
two-channel NDF banks whose FIR analysis
have coefficients

and synthesis filters

restricted to —1,0,+1 only.
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First, the NDF banks with a proposed
for realization is

new filter structure

developed - Then, a method is developed

based on an approximation scheme for

designing a continuous-coefficient NDF bank
with optimal reconstruction response and
stopband response for its linear-phase (LP)
FIR analysis and synthesis filters in the
least-squares (L;) sense. This method is
further incorporated with the WLS algorithm
to optimally design NDF banks with minimax

(L) retonstruction response and L, stopband

response for analysis and synthesis filters. It

has been To obtain a design with —1,0,+1

coefficients, which achieves the optimal
performance, we propose a new filter
structure for realization. The
coefficients -1,0,+1 are wused in the
oversampled domain;, and the design

procedure leads to finely quantized

coefficients.
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In this project, we have developed a new
structure for implementing an NDF bénk and
a technique for the optimal design of
two-channel NDF banks with linear-phase
FIR filters having —1,0,+1 coefficients only.
First, we formulate the design problem with
continuous coefficients for each of two
optimal criteria, namely, least-squares
reconstruction response and filter stopband
response and equiripple reconstruction
response and least-squares filter stopband
response. The WLS algorithm has been
utilized to achieve the design of equiripple
reconstruction behavior. In conjunction with

a new filter structure for realization the



analysis and synthesis filters, an efficient

method to obtain an optimal design with

coefficients restricted to —1,0,+1 only has

been presented. The effectiveness of the

proposed technique has been demonstrated by

several design examples.
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