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Example 6.32 Design a high pass filter using window, with a cut-off frequency « v
1.2 radians/sec and N = 9.

AU e
Solution Given

{1 = 1.2 radians/sec
If T=1sec

We = N1 = 1.2 radians
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apt!
¥ _ ‘ilnwcn
ha(n) = In| >0
=1~ —£ forn = (
we = 1.2
1.2
—sinl.2
ha(=1) = hg(1) =
—sin2.4
—8in3.6
'_3 - h 3 —
hq(—3) = ha(3) T
—sind.8
hd(_4) = hd(4) = -

ynming window for —4 < n < 41is

'LUH(TL) =
™
= 0.54 4+ 0.46 cos —

4
wyg(0) =1

wg(~1) = wg(1) = 0.865

wy(—2) = wy(2) = 0.54

= 0.0469

= 0.0719

se 1espOnSE of a highpass filter with a cut off frequency w,

= —0.2¢66

= —0.1075

sai 2
0.54+0.46cos—7;—n for —4<n<4

wy(-3) = wy(3) = 0.215
wy(—4) = wy(4) =0.08
h(n) = ha(n)wn(n)
h(0) = (0.618)(1) = 0.618
h(—1) = h(1) = (—0.2066)(0.865) = —0.256
h(-2) = h(2) = —0.058
h(-3) = h(3) = 0.01
e, h(~4) = h(4) = 0.0057
o flter coefficients are
h(O) h(8) = 0.0057
h(l) wr =001
(oY~ h(6)==0.058 -
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Example 6.33 A bandpass FIR filter of length 7 is required. 1t jg (0 hy
fod wpper cat-off frequcnéics of 3 kHz respectively and is intendeq ¢, be Ve Loy,

| ; - . Useq , .
a sampling frequency of 24 kHz. Determine the filter coefficients Using :;: Vit
window. Consider the filter to be causal. Al jnzr'(’;}%
U7
Solution
Given N =7
f=24kHz
fa=3kHz, fo=06FkHz
_ 2m(3000) _
Yel = Tos000 4
_ 2m(6000) ~
“e2 = To4000 2
We2 — Wel
ha(0) = ——
hq(n) = nLvr [sinwean — sin(wan)]; |n| >0
For N =7
T_
hq(0) = 2—4 = 0.25
7r
1. = .
- ha(—1) = hg(1) = - [smi — sin Z] = 0.093
1
ha(—2) = hyg(2) = — [sin'ir — sin Zr-] = —0.159
27 2
1 3 3m
ha(~3) = hg(3) = — |sin 2% — sin 2% | = —0.181
a(—3) d(3) 37 [sm 5 sin , J 0.1
ForN =7

The Hamming window sequence is

wy(n) = 0.54 + 0.46 cos 2—271 for —3<n<3
wy(0) =1
wh(~1) = wh (1) = 0.77
wh(~2) = wy(2) = 0.31
wr(~3) = wy(3) = 0.08
h(n) = ha(n)wg(n) for ~3<n<3
h(0) = 0.25
h(-1) = h(1) = 0.093(0.77) = 0.07161
h(~2) = h(2) = ~0.159(0.31) = —0.049

h(-3) = h(3) = —0.181(0.08) = —0.0145 ,
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mple 6.37 Design I.i bandpass and pass filter to paSs frequencies in the range
,d/sec using Hamming window N = 5. May’05 (set 1)

iU ion
: we1 = lrad|sec  wey = 2radians|sec
rad/sec, we get the cut off frequencies as radian and 2 radians
Hy (e"") =1forl <|w| <2
=0for 0< w|€land2< |w| <7

example 6.7 we have

-hd (n) = ;r'l;z_ [sin 2n — sin n)

1

ha(0) == = 0.3183
sin2 —sinl
hg (__1) = hg (1) = ﬂ_ = 0.0216
-sin4 — sin 2

ing window for N=15

omm o — (N - 1) (N-1)
wm (n) = 0.5 +0.508 77 for 5 S

Z’.2f‘- for —2<n<2

WHn (n) = 0.5+ 0.5cos
whn (0) =1 |
Wi (—1) = WHn (1) =05
wiyn (—2) = WHn (2) = 0
D¢ filter coefficients are
| 1 (0) = 0.3183
h(-1) = h(1) =0.0108
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Example 6.38 Design a low pass filter using rectangular v

of w(n) and with cut-off frequency of 1.2 rad/sec oW by takiny ., ¢

Solution " 8
we = 1.2 rad/sec
If T=1sec
The cutoff frequency w¢ = 1.2 rad _
. A
Hy(e¥) =1 for |w] <1.2 Hie

=0 for 1.2< |w| <7

™
-1 : : :
he(n) = o /Hd (e7) 7™ dw
-

1.2 42 6 B
= [ gy ;;3
2T .
-1.2 ‘
_sin(1.2n)
ForN=17 s

hq (0) = _1}_:_2_ = 0.387

ha (—1) = hy (1) = 0.2967
hy (“‘"2) = hg (2) = 0.1075

hq (""3) = hg (3) = ..-0,0469/”;3
- ] A1t

; ; o 1445,
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oAl Design a high pass filter using hamming window with a cutoff}re-

aple . "
WP 2 radlaﬂS/SeC and N = 9. Nov’05

) of

mﬁﬂﬂ

Genwe = 1.2 rad/sec

e coefficients of high pass filter
W

he(0) =1 — —;r‘-’- — 0.618

—sinw

ha(n) = Z5 2 n| >0

| ™
—sin1.2
o (=1) = hg (1) = Sl:: — —0.2966

_sin2.4
hg (—2) = ha (2) = _-%I;—r—-— ~ ~0.1075

_sin3.6
hg(=3) = ha (3) = -“S'%"" — —0.04695

_sind.8
ha (—4) = ha (4) = ..__-S%r——— — 0.07927

I :
Ting window

wyg (n) = 0.54 + .46 cos -J-V%% for .|n| < N; s
wy (1) = wy (1) = 0.54 + 0.46 cos %—r— =0.869
wy (—2) = wy (2) = 0.54 +0.46 cos -g— = 0.54

ST 0.2147

——
—— p—

Wh (—3) = wy (3) = 0.54 +0.46 cos
WH (~4) = wy (4) = 0.54 +0.46 cos 7 = 0.08
wy (0).=1 | -

Scanned with CamScanner



W o B S WF u'nc‘:a’--, e

The causal filter coefficients are
hg (4) = 0.618
hq (3) = hg (5) = —0.256
hg (2) = hq (6) = —0.058
ha(1) = hq (7) = 0.01
hg (0) = hq (8) = 0.00634
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