
IEEE SIGNAL PROCESSING LETTERS, VOL. 5, NO. 5, MAY 1998 121

Design of Two-Channel Linear
Phase Orthogonal Cyclic Filterbanks

Ravi Motwani and K. R. Ramakrishnan

Abstract—In this letter, we propose a method to design an
orthonormal two-channel cyclic filterbank (CFB) with real anal-
ysis and synthesis filters having linear phase. This is particularly
significant, since it is not possible to realize regular two-channel
linear phase orthogonal filterbanks (unless the filters are two-tap).
The lowpass filter of the FB is obtained as a spectral factor of
a zero phase Nyquist(2) filter, which is optimized. We show that
the CFB design is computationally less demanding as compared to
the noncyclic case, and it may be possible to get better filters. We
design the CFB for a particular case and show that this filterbank
is not a noncyclic orthogonal filterbank.

Index Terms— Cyclic filterbanks, paraunitary filterbanks,
transform coders.

I. INTRODUCTION

I N THIS letter we consider the design of two-channel
orthogonal cyclic filterbank (CFB) shown in Fig. 1. The

central problem in the design of this perfect reconstruction
(PR) system is to design the analysis filters under the constraint
that (Fig. 2) is paraunitary. With constrained to be
paraunitary we try to minimize the sum of stopband energies

where is the stopband of , by optimizing the parameters
characterizing . The passbands of automatically
turn out to be good as will be shown.

We assume throughout the letter that the input signal is
periodic with period , which is even, i.e., (pad a
zero if not).

II. PROPERTIES OFORTHOGONAL CFB

The CFB (Fig. 1) is said to be orthogonal if

(all arguments are to be interpreted modulo the periodicity of
the signal).
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Fig. 1. Cyclic filterbank.

Fig. 2. Equivalent representation.

Orthogonality of the CFB’s is equivalent to being
paraunitary [2]. The paraunitariness of is equivalent to

• and are spectral factors of Nyquist(2) filters
[1];

•
(this shows that if the stopband energies are minimized
the passbands also will turn out to be good);

• ;
• .

For an orthogonal CFB, PR is possible iff
, i.e., the synthesis filters are chosen as

.
If , and is selected as a

spectral factor of a Nyquist(2) filter, will turn out to be
paraunitary from the above equivalence.

III. FILTER DESIGN

From the above section, we know that if is selected
as above, then only remains to be designed, since all
the other filters are determined. The ideal filters would be

otherwise

otherwise.
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Fig. 3. Magnitude response of lowpass and highpass filters forN = 20.

But these filters are complex. To obtain real filters, we pose the
filter design problem as an optimization problem, by imposing
the constraint that the filter be real and try to minimize the
stopband energy. We know from Section II that minimizing
the stopband energy ensures a good passband. Since we obtain

as a spectral factor of a real Nyquist(2) filter, we design
a zero phase Nyquist(2) filter and optimize it to minimize its
stopband energy.

Let

denote the Nyquist(2) filter

Let

real

where is the largest odd integer less than.
Let

In this case, the set of points
constitutes the stopband. The problem now reduces to finding
a real vector such that the stopband energy of is

minimized.

where is a real symmetric, positive
definite matrix. Then the solution to above problem is the
eigenvector corresponding to the smallest eigenvalue of[1].

Define

Then

is the required lowpass filter.
Alternatively, we can also select ,

where can be selected, such that is real.
It can be shown that , and since is

real, the filter is real and symmetric, i.e., .
Advantages of Orthogonal CFB:In the design of noncyclic

FB, there is an additional computational overhead in arriving
at the spectral factor of the Nyquist filter. It involves the
computation of the cepstrum and its inversetransform,
whereas for CFB, we have to just perform the square root
operation. Furthermore, the computation of the matrixin the
previous section is easier for the cyclic case than the noncylic
case, which involves numerical integration. It can be shown
that all the filters are linear phase power symmetric filters,
something that is not possible to obtain in the noncyclic case.



MOTWANI AND RAMAKRISHNAN: TWO-CHANNEL ORTHOGONAL CYCLIC FILTERBANKS 123

Fig. 4. Magnitude response of lowpass and highpass filters forN = L.

IV. A D ESIGN EXAMPLE

We design an orthogonal system with real coefficient anal-
ysis and synthesis filters for . We first design a
zero phase Nyquist(2) filter , with the constraint that
the stopband energy is minimized. The lowpass filter is then
obtained as The other filters
are obtained from as discussed in the Section III.
Fig. 3 shows the magnitude responses of the lowpass and
the highpass filters, obtained by truncating the actual filters
obtained with a window of length , the window
function satisfying . As we increase the
window size, the response becomes better. Fig. 4 shows the
responses of the lowpass and the highpass filters with length of
the window . is a zerophase filter and all the other
filters are linear phase. It is easy to show that this orthogonal
CFB is not an orthogonal noncyclic FB. We know that in a
noncyclic two-channel orthogonal FB the following relation
holds [3]:

It can be shown that this relation does not hold for the above
FB.

V. CONCLUSIONS AND FUTURE SCOPE

In this letter, we design a two-channel linear phase orthogo-
nal CFB and show that it may give better filters for finite length
signals than noncylic orthogonal FB. This is particularly useful
for applications like image processing, where it is desirable to
use linear phase orthogonal FB’s. One can look for obtaining
a proper methodology for designing channel orthogonal
CFB for .
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