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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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Table 6.2 Filter c|gfﬁcients of FIR filters.

Coefficients of zero
phase filte ; i
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3. Bandpass filter with hg(0) = ”_13__“'_2’3

cutoff frequencies we, e ha(n) = Y2 = Wy
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hq(n) = o 5i0(wesn) — sin(we, n)]jn| > 0 = ;ﬁ{ﬂnuc’ (n~a) = sin e - o
- SR Wc; n— (2

4. Bandreject filter with Wey
he(0) =122 =
cutoff frﬁQuencresug, 0 L ha(n) =1 - Ze2 Ve forn=nqn
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6.6 Design of FIR filters using windows

The desired frequency response Hg(e/*) of a filter is periodic in frequency and can
be expanded in a Fourier series. The resultant series is given by

Hy(e’™) = > ha(n)e ™" (6.70)
where - . _
R Ly ziw /;,, H (7)™ dus . (6.71)

and known as Fourier coefficents having infinite length. One possible way of ob-
taining FIR filter is to truncate the infinite Fourier series at n = == [ N_—%k J . where

=
NN is the length of the desired sequence. But abrupt truncation of the Fourier series

results in oscillation in the passband and stopband. These oscillations are due to slow
convergence of the Fourier series and this effect is known as the Gibbs phenomenon.
To reduce these oscillations, the Fourier coefficients of the filter are modified by mul-
tiplying the infinite impulse response with a finite weighing sequence w(n) called a
window where

win) =w(—m) #0 for Inl< (F52)

—0 for |n|> [§2;1] (6.72)
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6.6.1 Rectangular window

The rectangular window sequence is given by

wr(n) =1 for — (N — 1)/2<n< (N — 1)/2
=0 otherwise

An example is shown in Fig. 6.17 for N = 25.
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6.64 Hanning window

The Hanning window sequence can be obtained by substituting o = 0.5 in Eq.(6.82)

win(n) = 0.5+ 0.5 cos2an/(N —1) for— (N - 1)/2 <n< (N —1)/2

{6.84)
= -0 otherwise
The frequency response of Hanning window is
i s 5sin Qgﬂ £ 0.2 sin.(wNﬂ - ':rN,/(:W' ~ 1))
Wan(e™) = 09750 sin(w/2 — 7/(N = 1))
sin{wN/2 + TN/(N 1)) (6.85)

sin(w/2 + 7/(N - 1))
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6.6.5 Hamming window

The equation for H

amming wj
Eq.(6.82) & Window can be Obtained by substituting o = 0

wH(n) = 0.54 4 0.46 cos (2“?1-/'1\5

- 0 - 1) for - (N —1)/2<n<(N-
- otherwise
e frequcncy response of Hamming window i
W is

W jw smwN,/z
H(e™) = oy +0.233WN/2 - wN /(N — 1))

Sin(w/2 - /(N 1))
+0.233(WN/2 4- 7 N/(N - 1))
Sin(w/2 + w/(N = 1))
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Design an ideal highpass filter with a frequency response Using Hanning and Hamming Window for

Hy(e) =1for = < w| £ 7

m
= 0 for |w| <€ 1
: i nse.
Find the values of h(n) for N = 11 Find H(z). Plot the magnitude respo
1

1.0

-4 n/4
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