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ABSTRACT

This paper presents the method to decompose an FIR (Finite impulse response) filter, with non-linear
phase, into the linear-phase sections. In that way the original problem of the overall nonlinear phase
filter design is decomposed into less complex designs. The main idea is to describe an FIR filter of the
order Nintermsof linear-phase FIR sub filters of the order m, m=1, 2, 3, 4. The method isillustrated
with one example.
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1. INTRODUCTION

It is well known that the decomposition of the original problem into less complex sub-problems, can
reduce the complexity of the overall FIR (Finite impulse response) design. The main goal of this paper
is to describe a nonlinear phase FIR filter of the order N, in the form of the linear-phase sub-filters of
the desired order, and thus generalize the idea presented in [1].

The FIR filter of the length N, which isthe order of the filter, has the following transfer function,

H(z=>hz", @

where h, are the filter coefficients. If the filter has alinear phase, then the coefficients of the filter h,
have one of the fourth type of symmetry, [2]. Type-1, and type-3 filters have an N odd, while the type-
2, and 4 filters have an N even. As an example Fig.1 shows first and second type of symmetry filters.
The symmetry of the filter coefficients reduces the number of the multipliers approximately by half,
which depends on the type of the symmetry.

The rest of the paper is organized in the following way. Next section describes the decomposition of
the FIR filter into parallel sub-filters. Section 3 presents the decomposition of sub-filters into linear-
phase (LP) sub-filters. Finaly, last section presents the decomposition of the overal filter and is
illustrated with one example.

2. PARALLEL SUB-FILTERS

Here we consider the decomposition of the FIR filter of the order N into K parallels subfilters of the
order 5. Two cases are possible depending if N/5 isinteger or not an integer.
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First case: N/5isinteger.
From (1) we write
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Fi'gure 1. Impulse responses of linear-phase filter§

H(2)= Y 2%H,(2), @
k=0

where Hy,5(2) isthe k-th subfilter of the order 5,
5-1
Hk,S(Z) = z hsk+nzin . (3)
n=0

Example 1: Consider N=15, resulting in K=N/5=3.
From (1) we write

14
H(z) = Zhnz’” =hZ’+hz +hz?+hz3+hz*+
n=0

+ z’S[hsz0 +hz'+hz?+hz°%+ th"‘]+ @
+ Z’M[hloz0 +h,zt+h,z?+h,z%+h,z* ]: '

2
=Ho5(2)+ 2 H 5(D) +Z°H,5(2) =D 7 %H, 5(2)

k=0
Second case: N/5 is not integer.
In this case
N
K=|—|, 5
5 ®
where I_XJ means the integer part of x.
K-1
H(2) =) z%H,5(2)+Z*Hy (2. (6)
k=0
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The only difference relating to the First case is that the last K-th sub-section has an order m, where
m<5, as shown in the following example.

Example 2: We consider N=14, resulting in

_|14]_
K{SJ_z. @

From (1) we have
13
H(z=> hz"=hz’+hz'+hz?+hz°+hz*+
n=0
+ z‘s[hsz0 +hz'+hz?+hz°+ }‘52“‘]+
+ z’*"*z[hlozo +h,zt+h,z%+ hl32’3]=

1
= H0,5(Z) + Z75H1,5(Z) + 2710H2,4(Z) = z zZ%H k,5(z) +27H k,4(Z)

k=0

-(8)

3. DESCRIPTION OF FIR SUB-FILTERSIN THE FORM OF LP SUB-FILTERS
From (4) and (6) the general form of the sub-filtersis given as Hy,s. In this section we investigate how
describe the subfilter Hy,sin terms of linear-phase (LP) subfilters. To this end we rewrite Eq.(3),

5.1
Hs(2) = Zh;kmfn =h 2’ +hy 2t +hy 7%+ hy 20+ 9)
n=0

The equation (9) is rewritten in the following form.

Hes(2) =
=h, 2’ +h, 2 +hy 7%+ 0y 70 -h 70+ 7P e 7t - 7t by 2t =
=2 [hskzo +hy 2 +hy 7+ hy 70+ 274]"' (10

+ Zia[(hswa )2+ (s — Py ) Zfl]"‘
+ 2_4[(hSk+4 - hSk) - (hs1<+3 - h5k+l)]‘

Note that the sub-filters in the first and second rectangular brackets are L P filters of the order 5, and 2,
respectively. We denote the L P sub-filters as

H tz(z) = I’EKZO + r%kﬂz_l + h5k+22_2 + r‘%kﬂz_g + hsk Z—A' (11)
HIL_;(Z) = (h3k+3 - I’Ek*’l) ZO + (h’)k+3 - hf)k+1) Z_l' (12)

From (10)-(12) we arrive at
His(d=HE@+2°H5 (0 + Az, (13)

where A is the constant

A= (hs1<+4 - hEk) - (h5k+3 - h5k+1) : (14

4. OVERALL FILTER DESCRIPTION
From (2), (3) and (13) we get the following expression for the overall filter presentation in terms of LP
sub-filters.
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H(2) = Z Z%H, () = Z Z*HE@+ 2 HE (D + AZ?). (15)
k=0 k=0

The method isillustrated in the following example.
Example 3: Thetransfer function of the filter of order N=10, and K=2, isgiven as

H(2) =
=0.1+0.122"+0.952*+0.82°+0.94z * +0.9z2° +0.822° + 0.7z " + 0.832° + 0.82"°

From (15) we have

H2) =2 2 *H, o =M@ + 7M@) + Az | 2 HE @ + 2 °HE () + AZ )=

= [0.1(1+ z9+012(z '+ 23 +0952%2+07(z%+z ) + 0.162’4]+
+ 2’5[0.9(1+ z+082(z ' +z%)+0.7z22+0.01(z3+z ") - 0.092’4]

Note that the sub-filtersin brackets have the same structure.

5. CONCLUSION

This paper presented the generalization of the non-linear phase filter description in the terms of the
linear-phase sub-filters. We considered here the fifth-order LP sections. However using this procedure
one can choose any desired order of the LP sections. The method can be useful for the implementation
of non-linear phase filters like minimum-phase filters [3] and the polyphase components of LP FIR
filters[4].
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