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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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Example 6.21 Using a rectangular window technique design a lowpass filter with
passband gain of unity, cutoff frequency of 1000 Hz and working at a sampling fre-
quency of 5kHz. The length of the impulse response should be 7.

Solution

Given f. = 1000 Hz
F = 5000 Hz

The cutoff frequency we = 27 fr
~ 2m(1000) _ 2m

e—
p—

5000 5
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: ' in Fig. 6.66.
The desired frequency response of the LPF is shown g

The filter coefficients are given by

1 WL
ha(n) = 5- / el dw

|
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The rectangular window for N = 718 given by

wgr(n) =1 for - 3<n<3
- =1{ otherwise

-
: ' S1T1 “gn 2 i
Forn = 0;: h(0) = %EI&T = 5“ .
s 2r
sin —
n=1Lh(1) = h(-1) = —5- = 0.3027
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.27
ot B e
= 1; A(1) = h(—1) = W5 = 0.3027
. 4
sSiny ——
n=2h2) =h(-2) = — 5 — 0.0935
. bm
Sl ——
n=3;h(3) = h(—3) = w5— = —0.06236

The filter cocfficients of realizable filter are

h(0) = h(6) = —0.06236; h(1) = h(5) = 0.0935; I(2) = h(4) = 0.3027
h{(3) = 04
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Using a Hamming window with N = 7

Solution

Given Hy(e/¥) = ¢=jdw

The frequency Iesponse is havi

rical about n = N=1 Ing aterm ¢ ~7“(N=1)/2 which gives h(n) symmet-

=3, .., we get a causal sequence.
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]

hd (n)

E| E

e—j&xejwndw

|

el

i
2w =
1
25t

/ efin—3g,

-

= :
sin 7 (n — 3)

7(n — 3)

For N = 7 we have

ha(0) = hy(6) = 0.075

ha(1) = hq(5) = 0.159

ha(2) = hqa(4) = 0.22
h4(3) = 0.25
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The non-causal window sequence is

| 27T
a— pe— < i
— 0 ~ otherwise
For N =7
2mn '
win(n) = 0.9+ 0.5cosN__ - for —3<n<3
— 0 ) otherwise

m
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; shifting the sequ
al window sequence can be obtained by g quence an{m
The causal w1 .

to right by 3 samples, i.€.,
_ 0: wan(l) = wHn(5) =0.25
an(U) = wHﬂ(G) == 5 (3) T
il ] gy = OB & it

i z i ow arc
The filter coefficients using Hanning wind

n) = hg(n)wn(n) for 0<n<6
?ﬁ((ni = hié) )= ha(0)wen(0) = (0.075)(0) = 0 ]
h(1) = h(5) = ha(Dwan(1) = (0.159)(0.25) = 0.03975
h(2) = h(4) = hd(Q)wHﬂ,(2} = (022)(075) = 0).165
h(3) = ha(3)wan(3) = (0.25)(1) = 0.25
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