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Introduction to FIR

Linear phase FIR filter

FIR filter design using window method

Low Pass Filter

Frequency sampling method

Realization of FIR filter using direct form 1, Direct form 2
Realization of FIR filter using Cascade structures
Realization of FIR filter using parallel structures
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FIR Filter

* Finite impulse response (FIR) filters are digital filters that have
a finite impulse response. FIR filters operate only on current
and past input values and are the simplest filters to design.
FIR filters also are known as non recursive filters.

* FIR filters provide a linear phase response. |IR filters provide a
nonlinear phase response.

* FIR filters are always stable because they are implemented
using an all zero transfer function.

* FIR filters are used for applications that require linear phase
responses like high quality audio systems.
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Linear-phase filters

The ability to have an exactly linear phase response is the one
of the most important of FIR filters

H (w) = |H (w)| P where ¢ (w) = —wno

A general FIR filter does not have a linear phase response but
this property is satisfied when

h(in)=4+h(M-1—-—n), n=0,1,...,M — 1.

@ four linear phase filter types

Impulse response # coefs | H (w) Type
h(n)=h(M—-1—n) | Odd e—dw(M—1)/2 (h (ML) 4 2 M2y (ML _ k) cos (r_.;k)) 1
hin)=h(M —1—n) Even e Jw(M—1)/29 25\.“:;3’/2 h(& —%)cos (w(k—1%)) 2
h(n) = —h(M —1—mn) | Odd e—ilw(M—1)/2—n/2] (2 SMD/2 g (MoL k) sin (u.'k)) 3
h(n) = —h(M —1—n) | Even e—Ilw(M-1)/2—x/2g SHH"D/2 p (M _ k) sin (w (k — 4)) 4

19BMB302 - Biomedical Sighal Processing / Unit-2 / Dr. K. Manoharan, ASP / BME / SNSCT



Example 6.5 Design an ideal lowpass filter with a frequency responge

Hg(e’) = 1 for _E{w<§

Dfor%ﬁ[wiﬂw

Find the values of A(n) for W = 11. Find H (z). Plot the magnitude respon
se,
Solution

-
—t

The frequency response-™owpass filter with we =
Given

b1

is shown in Fig. ¢ 5

Hy(e?¥) = 1for - <w < =

=Uf0r%£|w}£-rr

A r Jm :
Hy{e )

1.0
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From the frequency response we can find that a = 0. Therefore, we get a non
causal filter coefficients symmetrical about n = 0, i.e., hg(n) = hg(—n). Thefik
coefficients can be obtained by using the formula given in table 6.27for zero phast

frequency response (or) we can proceed as follows.

We know
: 1 L ' )
ha(n) = e Hy(e?*)e!“ " dw :

—ar
2w _:ﬁu:
oL gl ,
2mwin —/2
_ 1 [ej,.r“fz . e—jrﬂfﬁ]
mn(2j7) (65
x
_sinfn < oo
mwn
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Truncating ha(m) to 11 samples, we have

()

[

—
——

For n = 0 Ea. (6.56) becomes

sin %n
sy for nj<s5
O otherwise

indeterminate. So

in & -
R(0) = lim e 2 e an 1 sin@ N
rr—+0 TTL . P gtacer _,.-_.i.,;._ i Bﬂ 2 —
s
2
(or) _ .
substitute 7= = 0 in Eq. (6.54) we get
o | a2 1 wi2 m 1
R(0) = hg(0) = — el SR TR -1
(0) (0) 2 L?;zdw 2 —a 2 2 2
Forn =1 sin =
h(1) = h(—1) = 2 — — — 0.3183.
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Similarly

B(2) = h(—2) = sin 7 '= o

R(3) = h(—3) =

|
|

[

l
o
5
@
#)

sin .
R(5) = h(—5) = 2z = — 0.06366.

The transfer function of the filter is given by
=1
: 2 w0
H(z) = h(0) + > . [r(n) (=

n=1>~1

— 0.5 + }i_: Rin) (™ + =]
n—1

i 2 —3) 4 0.06366 (z° + =~°).
— 0.5 4 0:3183 (2} 4 2z77) — 0,106 (=% + =77) (

The transfer function of the realizable filter is

Hr{z} - z—*{N-—l}g"EH{z}
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= =z—" [0.5

—+ O.

3183 (= + 2~ 1) — 0.1086 (=¥ + =27%) + 0.061366 (.-

o=

— 0.06366 — 0.106z~2 + 0.3183=z"% + 0.5z ° -+ 0.3183%—

 0.1062—2 4 0.06366=z°

[

From the above Eq. (6.57) the filter coefficients of causal filter are Biven |,

h(O)

{10y =
B{7T)

0.06366; Hh(1) =h(9) =0 A(2) =Ah(E@) = _4,

= 0O h{4) = h(6) = 0.3183; R(5) = 0.5

The frequency response is given by

5
H(e?) = Z a(n) cos wrn where
o=
a(0) = h [N—;l) = h(5) = 0.5
a{n]zz.’l[ _1—-1".-.]
a(l) = 2h(5 — 1) = 2h(4) — 0.6366
a(2) = 2h(b — 2) = 2AR(3) = 0
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a(3) = 2h(5 — 3) = 2h(2) = —0.212
a(4) = 2h(5 — 4) = 2A(1) = 0
a(5) = 2h(5 — 5) = 2A(0) — 0.127

H(e’™) = 0.5 4+ 0.6366 cos w — 0.212 cos 3w + 0.127 cos Hw i

The magnitude in dB is calculated b i 1
: : ¥y varying w from O to 7r and tabulated
The magnitude |H (e7%) |45 = 20 log | H (e7+)].

w(in degrees) O 10 20 30 40 50 60 70 80

jow -
IH{e. )Lm 0.4 021 -026-0517-021 042 077 021 -1.79

———
—

100 110 120 . 350 |
130 140 150 160 170 180

~14.56 -31.89 -20.6 26 .32 .24.7-30.55 -32 -26
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