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This project has accomplished research

work for the development of the theory and

system structure of FIR quadrature mirror

NSC 92-2219-E-002-014
HiFHL:92E282 1p3

93 & T4 31p

FEACETBIEST R
B i - P i S R

filter (QMF) banks with linear phase and low

group delay Utilizing an

approximation

response.
scheme and an iterative
algorithm, we have developed a method to
design a two-channel QMF bank with
continuous coefficients in the sense of
absolute value of reconstruction error and
least-squares stopband response criteria for
analysis filters. It is shown that the optimal
filter coefficients can be obtained by solving
only linear equations. In conjunction with an
iterative algorithm, a method is then
presented to obtain the desired design result.
The effectiveness of the proposed design
several

technique is demonstrated by

simulation examples.
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Due to the fact that multimedia

information becomes a necessary part of
modern life, processing the audio or video

signals of multimedia information has been



viewed as an important research work. To
deal with the difficulty of large data capacity
required for transmitting multimedia signals,
one of the possible remedies is to develop
advanced  digital

signal ~ processing

technology for reducing the required
information regarding the audio and video
signals. In other words, the techniques of
bandwidth compression and decompression,
coding and decoding should be considered.
Using subband filter banks has been
recognized as an efficient approach for
achieving the above purposes. Most of
conventional design techniques consider the
design of quadrature mirror filter (QMF)
banks using finite impulse response (FIR)

filters with some kind of symmetry in filter

coefficients to keep the linear phase response.

However, the system delay of the designed
QMF bank is determined by the lengths of
the FIR filters used; hence, the long overall
system delay of a QMF bank with
linear-phase FIR analysis filters may prohibit
practical  applications for  processing
multimedia signals. Therefore, it is worth
investigating the design of FIR QMF banks
with low group delay. In this three-year
research project, we will focus on the
development of design theory for subband
filter bank with low group delay. Based on
several useful optimization criteria, we will
develop efficient techniques for designing
the subband filter banks to achieve the goals
of minimizing magnitude and group delay

errors for processing audio and video signals

of multimedia data
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First, the QMF banks with a low group
delay response for realization is developed °

Then, a method is developed based on an
scheme for

QMF bank with

approximation designing a
continuous-coefficient
optimal  reconstruction  response  and
stopband response for its linear-phase (LP)
FIR analysis and synthesis filters in the
absolute value (L) and the least-squares (L;)
sense. This method is further incorporated
with an iterative algorithm to optimally
design QMF banks with L; reconstruction
response and L, stopband response for
analysis and synthesis filters. It has been
shown that the design method can achieve

satisfactory design results.
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Here, we present simulation results of
designing two-channel FIR QMF banks for
illustration and comparison. To perform the
design process using the proposed technique
for all design examples, the spacing for two
adjacent frequency points in [0, ] is set to
1/299. i.e., the number of grid points taken in
[0, w] is 300. The performance for the
designed QMF bank is evaluated in terms of
the peak stopband ripple (PSR) in dB, the
maximum variation of passband group delay
(MVPGD) of the analysis filter in samples,

peak reconstruction error (PRE) in dB, the



maximum variation of the group delay
(MVGD) the designed QMF bank in samples,
and the maximum variation of the QMF bank
response (MVFBR). They are defined as
follows:

PRE = max{ |20 logio| T(w;) || }(dB), for
wr€ [0, /2]

PSR=-2010g10( max |H,(e™ )D (dB),
, €l ,7]

MVPGD = Il’[lng] |GD {Ho(a)l)}-gd/2 |
(samples),
MVGD = max |GD{T(w)}-g4| (samples),

MVFBRIEZM]maX | T(w))-¢”%*" | (dB),
O1efo,n/2]

where T(w;) denotes the frequency response
of the designed QMF bank, Hy(w;) the
frequency response of the designed analysis
lowpsss filter, GD{x} the group delay of x,
and o, the passband edge frequency of the
analysis lowpass filter Hy(w).

For the first design example, the order
and the stopband cutoff frequency ws of the
required analysis filter are 24 and 0.6m,
respectively. Moreover, the group delay of
the QMF bank is 11. For the second design
example, the order and the stopband cutoff
frequency s of the required analysis filter
are 29 and 0.6m, respectively. Moreover, the
group delay of the QMF bank is 19. For
comparison, the design results of using the
technique of [17] to design the same example
based on the least-squares criteria (L,) are
also presented. Table 1 lists the significant
design results for the first example, while

Table 2 shows the significant design results

for the second example. From the presented
design results, we note that the developed
technique  provides more satisfactory
performance as compared to the technique of
[17].

In this project, we have developed a
technique for the optimal design of
two-channel QMF banks with linear-phase
FIR filters and low group delay response.
First, we formulate the design problem with
continuous coefficients for the optimal
criteria, namely, the absolute reconstruction
response and the least-squares filter stopband
response. An approximation scheme has been
utilized to achieve the design of optimal
response behavior. In conjunction with an
iterative algorithm, an efficient method to
obtain an optimal design with low group
delay response has been presented. The

effectiveness of the proposed technique has

been demonstrated by several design
examples.
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