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Filter Design with Comb and Resonator Cascade:

Comb and resonator filters have simple structures and are implemented with relative ease.
Interestingly, they also facilitate filter design. While a frequency-sampling structure can approximate any
given filter (as we saw in the previous sections), it is particularly simple when designing specific lowpass,
highpass or bandpass filters. Basically, given a comb filter, we select an appropriate cascade of resonators
to construct the type of filter we desire. In the sequel, we shall see how to construct a simple bandpass
filter using only comb and resonator filters.

Example A: (Bandpass filter) Given a comb filter with N = 16, so that
1_2—16 l_e_jW16
H.(2)=
c(2) e
Hence, there are 16 lobes in the magnitude response, and 16 zeros located at k2n/N, k=0,..,15 (see Fig.

1(a) below). The idea is to perform zero cancellation with a pole, using a resonator. Let us use a resonator
with k=4, and a gain G,=200,

= H. (") =

G
He,(2)= l_ej27r(é)1/l6z—l
Hence, the pole or resonating frequency is at k2n/N (see Fig. 1(b)). Now, cascading it with the previous

comb

H,(2)= HC(Z)HRA(Z)
results in Fig. 1(c). Observe that the peak is precisely where the pole-zero cancellation occurs, and that
basically this has “fused” two adjacent lobes (in the original comb filter) to create a new passband. Hence,
using a -3dB bandwidth criterion, the passband of the cascade is approximately the bandwidth of the
original lobe = 27/N. Also, verify that the peak gain of the cascade is in fact Gy.

Next, recalling the property of the FT, we still need a conjugate passband, which is easily achieved by a
conjugate resonator

1-z7' 200 200
H,(z)= Hc(z)(H ra(2)+ HR,N—4(Z)): 16 (l_ejzﬁmézl + l_ej27r12/1621j

Refer to Fig. 1(d,e) for the resulting magnitude responses.

In the above design, the parameter N controls not only the bandwidth, but also how accurately we can
select the passband resolution. The larger N is the more zeros and lobes there are, so that there are more
candidates for passbands. In fact, we can even select multiple passbands quite easily, as demonstrated in
the next example.

Example B: (Filter with 2 passbands) We construct a more complex filter, with 2 different passbands
each with a different peak gain, by using only a single comb filter and 2 pairs of resonators. Note that
peak gains for the passbands can be selected independently, because they occur at the zeros of the comb
filter.

Suppose we use a comb filter with N=32, and resonators at k=7, 32-7, 15, 32-15, with gains 100 and 400.
Then Fig. 2 shows the resulting magnitude responses. As an exercise, see if you can write the expressions
for the frequency responses for this example.

Note: Also, think about how you can realize lowpass and high-pass with the above procedure (we actually
have solved the more challenging bandpass case). You can experiment with these designs quite easily in
MATLAB, by trying different combinations of the parameters N, k.



(a) Magnitude Response of Comb filter with N =16
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5 (b) TRUMCATED Magnitude Response of Resonator filter with k =4
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{c) Comb + Resonator Cascade with [N k] = [16 4]
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(d) Comb + Conjugate Resonator Cascade
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Figure 1 - Example A. Bandpass Filter
(a) Magnitude Response of Comb filter with N =32
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Figure 2 - Example B. Filter with 2 passbands
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