Window type Window sequence
w(n) for —(N —1)/2 <n < (N - 1)/2

Rectangular 1
Triangular window ,  2nl
© . g N -1
Raised cosine window ‘ o+ (1 - a)cos; \‘;"nnl

a = 0.5 for Hanning window
a = 0.54 for Hamming window
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Window type

~ Window sequ;;)‘é;ew
w(b) for —(N - 1)/2<n<(N-1)/2

Blackman window

Kaiser window

wi(n) =
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6.46 Digital Signal Processing
cample 6.6 usin

he eX
Example 6.9 Repeat L e K
window /”J'J) = | &V / <, <
& ¢ :
‘ (%)
Solution 20 @"{ / ,< /q
(a) Hanning window
2 g —(N-DESRS(V -1
) 05405 =T |
0 otherwise a
For N =11
™ S
™ _5<n<d
WHn (TI) =05+ 0.5c08 5
_ 0 otherwise

WHn
WHn(Q) =
an(3) = 'an(—?’)

'an(

an(S) =

The filter coefficients can be obtained from the example 6.6, 1.€-,

sin7n — sin %n

(1) = win(~1) =05+ 050
M~ 0.655
an(—2)—O5+05cos : 0.
3
— 0.5+ 0.5 cos —575 —0.345

' 4
4) = win(—4) =0.5+0.5c0s = = 0.0945
= an(f5) =05405cosm =0

g (a) Hanning window (b) Hamming

s T —0.9045
5
o

hy(n) =
nmw »
ha(0) = lim [S””m o Z"J _1-i-o7
n—0 ™™ 4
ha(=1) = hg(1) = S2TSDE _ g 905
} 7[' .
] —gin X
ha(=2) = hy(2) = sin 27 — sin 3 0159
2T
37'r !
ha(~3) = hd(3) =i 3“3 ST _ _0.075
- ,

sindmw —sin

=0

hd(—4) = hd( Y=

Sin dm —

47

51r
s o = 0.045

ha(=5) = hy(5) =

\\

\

57r-
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¢ cocfficients using Hanning window arc

Theﬁltc
nn) = hd(n)t,un,-,,(n) for -5<n<s5 '
= 0 othcrwise
1(0) = ha(0)wnn(0) = (0.75)(1) = 0.75
n(=1) = h(1) = ha(L)win (1) = (~0.225)(0.905) = ~0.204 >
h(-2) = h(2) = ha(2)wpn(2) = (—-0.159)(0.655) = —0.104
h(=3) = h(3) = ha(3)wirn(3) = (~0.075)(0.345) = ~0.026
h(—4) = h(4) = ha(4)wnn(4) = (0)(0.8145) = 0
h(-5) = h(5) = ha(3)wpn(5) = (0.045)(0) = 0

The transfer function of the filter is given by

)+ Z h(n) 4+ z"] »

n=1 , . :
=0.75 - 0.204 (z + z7) — 0.104 (22 + 272) = 0.026 (z° +27°)
The :transfer function of the realizable filter is
H'(2) =2z7%H(2) .
_0.0262~2 — 0.1042=3 — 0. 204z 1+ 0.7525 — 0.20427°
—0.1042"7 — 0.02628
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(b) Hamming window
" The Hamming window sequence is given by

| 2
~ wy(n) = 0.54 + 0.46 cos ern

for —(N-1)/2<n<(N-1)/2

= 0 otherwise

The window sequence for N = 11 is given by

wH(n)=0.54+0.46cos£573 for —5<n<5

~—

= 0 otherwise
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wig(0) = 0.54+0.46 = 1

o
Cwp(-1) = wyr(1) = 0.54 + 0.46 cos v = 0.912

2
o (~2) = wir(2) = 0.54 +0.46 cos - = 0.682

J

' 3
71)1{(“—3) = 'U}H(B) = 054 +- 0.46 COS ‘—g‘ = ().398

* 4
wi(—4) = wy(4) = 0.54 + 0.46 cos —;i —0.1678

t

wi(=5) = wpy(5) = 0.54 + 0.46 cosm = 0.08

The filter coefficients using Hamming window sequence are

h(n) = hg(n)wg (n) for 5<n<5
= -0 ~ otherwise
h(0) = ha(0)wrn(0) = (1)(0.75) = 0.75

h(=1) = h(1) = ha(Dwg,(1) = (~0.225)(0.912) = —0.2052
h(=2) = h(2) = ha(2)wan(2) = (-0.159)(0.682) = —0.1084
h(=3) = h(3) = ha(3)wwn(3) = (—0.075)(0.398) = —0.03
h(-4) = h(4) = haq(4)wpn(4) = (0)(0.1678) =0
h(=5) = h(5) = hq(5)wpn(5) = (—0.045)(0.08) = 0.0036

The transfer function of the filter is given by

H(z)

= h(0) + Z [h(n) (27" + ™))
n=1

=0.75 - 0.2052 (7 + 2) — 0.1084 (272 + 22) — 0.03 (=% + =%)
+0.0036 (275 + 2°)

\!

The transfer function of the realizable filter is

M) = -5
_‘4 w_,..,z -

12 -2 _.1084z7% 0. 2050r4 +0.752 78
= 0.0036 — 0.03z7° = 0.

02052278 ~ 0. 1084277 ~ 0.0327% 4 0.00362 10
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0 Design a filter with

A
E(ﬂmple6
Hy(e™) = ¢33 ;43 <w< L
=00 2 4
4 < lw' <
it d Hamming Window with N =7 (AU EEE'07)
golution

—j3w
Given Ha(¢") = €7 N-1
The frequency responsc is having a term-e /(N =1)/2 yhicp gives h(n) symmet-
aoutn = 2= = 3, i.e., we get a causal sequence.

rical
We have
1 % e
hq(n) = —-—/ e” e M dw
211'. ::;_r, :
= eIn=3w gy
21 J=x
4
_ sinF(n —3)
w(n—23) -

For N = 7 we have

ha(0) = ha(6) = 0.075

ha(1) = hg(5) = 0.159

ha(2) = hq(4) =022
hg(3) =025 |

The non-causal window sequence is

Whn(n) = 0.5 + 0.5 cos ;W_n for —(N—-1)/2<n<(N- 1)/2
| = 0 otherwise

FOI’N =7
win(n) = 0.5 4 0.5 cos ]—Vz—?-r% for —3<n<3
0

4 5 oti.erwise
win(0) =054+ 05 =

win(~1) = Wia(l) = 0.5 4., Eoca T 5 =075 ’
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6.52 Digital Signal Processing
. = 27
wipn(=2) = wyn(2) = 0.5 4+ 0.5 cos 5 = 0.95

wyn(—3) =0.5+0.5cosm =0

The causal window sequence can be obtained by shifting the sequenc
to right by 3 samples, i.¢.,

© Wt ) 8

wen(0) = Wan(6) = 0; win(1) = win(5) = 0.25
win(2) = wyn(4) = 0.75 & wi,(3) =1

The filter coefficients using Hanning window are

h(n) = hg(n)wgn(n) for 0< n <6

h(0) = h(6) = ha(0)wyn(0) = (0.075)(0) =0

h(1) = h(5) = ha(1)wrn(1) = (0.159)(0.25) = 0.03975
h(2) = h(4) = ha(2Jwrn(2) = (0.22)(0.75) = 0.165
A(3) = ha(3)wrn(3) = (0.25)(1) = 0.25
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PR —
: E ample 6.8 Design an Ldea] bandrejeCt filter Wlth a des:red freth
© Ex

~
—~

jw > &7

—

(er) = 1 for IuJI S and |w

P
J

: 'ooH-,

=0 otherw1se

Find the value of A (n) for N = 11 Flnd H (z) Plot the magnitude respons.
~ Solution

The desired frequency fespbrisé is shown in Fig. 6.14.

Hy(e®?) . -

B 1.0
- |
I3 A A s
Fig' 6.14 F,requencv resnnonca Af DawAdo.:~ s filkar nf example b

Scanned with CamScanner



rinite impuise Kesponse Filters ¢

We know

: | Y A S
ha(n) E/ Hy(e7) el du

1 —2m/3 /3 , -
= % / _ ejwndw 3 / e]u{ndw + / ejwndw
e =n/3. & 2m/3

1 —327n/3 — 37T DY o .
— 27rj77 [e —e J’m_ 4 62J7rn/3 e e—an/B 4L ej?Tn _ 8j27rn/3]
1. . T . 27 | A
o _Sln7rn+sm_§n—_sm_3_n » —c0<n< o
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