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ABSTRACT

FIR (Finite impulse response) digital filters are known to have some very desirable properties such as
linear phase, stability, and absence of limit cycle. However their applications generally require more
computation. In this paper we consider the simple method to design a multiplier-less narrowband FIR
filter. The method is based on well known IFIR (Interpolated FIR) structure. The novelty of the
proposed approach is the new structure, where the interpolation filter is the cascade of comb filters
and the wideband compensators. The comb filters and compensators are multiplier-less filters. The
model filter is rounded to the nearest integers, which can be implemented with the adders and shifts.
Consequently, the overall structure exhibits a low complexity and does not require the multipliers.
Keywords: FIR filter, comb filter, IFIR filter.

1. INTRODUCTION

Infinite impulse response (IIR) filters and finite impulse response (FIR) filters are two types of digital
filters. In many applications it is often advantageous to employ FIR filters, since they can be designed
with exact linear phase and they exhibit no stability problems. However, FIR filters are
computationally more complex than IIR filters with equivalent magnitude responses, [1].

During the past several years, many design methods have been proposed to reduce the complexity of
the FIR filters, specifically by reducing the number of multipliers, or using multiplier-free design,
where the coefficients are reduced to simple integers or to simple combinations of powers of two, [2-
4]. In this paper we propose simple technique based on the well known IFIR (Interpolated FIR)
structure [2]. The coefficients of the model filter are rounded to nearest integers, which can be
implemented with the adders and shifts. The images introduced by expansion of the model filter are
eliminated by comb filter of the length equal to the model filter expansion factor. Additionally,
another comb filter is applied in order to improve the image attenuations, where the first zero of that
comb is approximately in the desired stopband frequency. The rest of the paper is organized in the
following way. Section 2 briefly introduces IFIR structure and comb filters. The compensators are
shown in Section 3. The proposed design is given in Section 4 and illustrated with one example.

2. REVIEW OF IFIR STRUCTURE AND COMB FILTERS

The basic idea of an IFIR structure is to design a FIR filter as a cascade of two less order filter
sections. One section is the expanded model filter G(z*) and another one is the interpolator I(z). The
filter G(z*'), where M is the interpolation factor, is obtained by introducing M-1 zeros between each
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sample of the unit sample response of G(z). The function of the interpolator filter /(z) is to eliminate
images introduced by G(z"). The IFIR structure is shown in Fig.1.

—>  G(Y) P 1(2) —>

Figure 1. IFIR structure.

For a given passpand and stopband frequencies, w, and w,, of the prototype filter, the specification of
the model filter is given in the following equation,

g, =Moo, =Mao,. nH
In that way the complexity of the model filter is approximatelly M times less than that of the prototype
filter.
We proposed here to use the comb filters as the interpolators.The transfer function and the magnitude
characteristic of the comb filter of the length M are given as,

e
H = = . 2
mmb(z) M;Z M 1_271 ( )
. sin(Mw/2
|H,,,.,(e")|= sinMw/2)) 3)
M sin(w/2)

As an example Fig.2 shows the magnitude characteristic of the comb filter for M=10.
The comb filter has some favorable characteristics like:

e Comb is multiplierless filter.

e It has zeros at multiple of 27/M.
Therefore the comb filter of the length M can be used to attenuate the images of the expanded model
filter.To further attenuate the images we propose to use another comb filter of the length M, , where
M, is defined by the stopband frequency of the prototype filter,

M=round(2 /w,), 4
where round(x) means the rounding of x to the nearest integer.

3. COMPENSATORS

The magnitude characteristic of the comb filter exhibits a high passband droop which should be
compensated. We adopt the wideband multiplier-less compensator from [S] given by the following
transfer function,

G(z")=S[Bz™ + Az + Bz7"], 5)

where S is the scaling factor and 4 and B are integer coefficients.
Table I shows the values for S, 4 and B for different values of K, where K is the number of the
cascaded comb filters. More details can be found in [5].

4. PROPOSED METHOD

The proposed design procedure is described in the following steps:

Step 1: The model filter is designed using the specification from (1). Next, the impulse response g,,(n)
is rounded as

guAm)=r round(g,,(n) /r), (6)

where 7 is the rounding constant, =2
Step 2: The rounded impulse response g,,(n) of the model filter is expanded by M.
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Step 3: The comb filters of lengths M and M, are designed where M, is defined in (4).

Step 4: Comb filters are cascaded with the expanded rounded model filter.

Step 5: The numbers of the cascaded comb filters K and K; are increased until the stopband
specification is satisfied.

Step 6: For given K and K|, the compensators are designed using Table 1.

, __ Combfiker:M=10 Table 1. The values of parameters.
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Figure 2. Comb filter.

The overall transfer function is:

H(z)=G,, (z")H%,, (DH%:, ,(2)G(")G("), 7

omb,1

where K, and K, are the numbers of the cascaded comb filters H .1 and H oo, respectively, and
H,,(z) is the transfer function of the rounded model filter. The method is illustrated in the following
example.

Example 1: We design the multiplier-less lowpass FIR filter with the normalized edge frequencies
0.01 and 0.1, passband ripple 0.1 dB and the minimum stopband attenuation of 60 dB.

The classical design using Remez algorithm requires 30 multipliers.

Step 1. The model filter is designed and rounded using the rounding constant =2 The transfer
function of the rounded model filter is,

Gul2)=-143 21 +17 22426 2+ 17 243 22 S, (8)

Step 2. The model filter is expanded by M=8.

Step 3: From (4) it follows M;=20. The comb filters of lengths /=8 and M,=20, are designed.

Step 4: The comb filters are cascaded with the expanded model filter. Figure 3a shows the expanded
model filter and comb filters.

Step.5: We need K1=K,=2 to satisfy stopband specification.

Step.6: The compensator filters are designed with the parameters from the second row of Table 1.
(K1:K2:2).

The transfer function is

11-z3]T 1 1-227
H(z)= Gm,(z%{8 - } [20 — } G(2HG(=™), ©)

where

G =27z + (2 +2)z7" +—z], GE")=27[-z"+(2*+2)z* +-z"]. (10

The magnitude characteristic of the designed filter is shown in Fig 3b along with the passband zoom,
to show that the passband specification is satisfied. We can note that the stopband specification is also
satisfied.
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Figure 3. Expanded model filter and comb filters.
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Figure 4. Overall magnitude response and passband zoom.

CONCLUDING REMARKS

This paper presents novel method for multiplierless lowpass FIR filter design. The method is based on
IFIR structure where the coefficients of the impulse response of the model filter are rounded to the
nearest integers, which can be implemented by adders and shifts. The cascaded compensated comb
filters are used to eliminate images introduced by expanding the rounded model filter. The method is
suitable for the narrowband filters, where ©,<0.1 w,, and ©,<0.3.The model filter is designed using
the Remez algorithm. All filters are designed using MATLAB.
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