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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 6.15 Determine the filter coefficients 2(n) obtained by samping

Hy(ei) = e N-Dw/2 o< ju < X
= 0 5 <lwl <
f'Dr N — ?.
Solution

~ The ideal ma
n Fig.

gnitude response with samples for the given specification is shown
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Given N =7

- o aa

H(k) = Ha(’)| ., k=0,1,2,...6

Lr.i":'—"-'-ur

From Fig. 6.59 we have

|H(k)| =1 for k=0,1.6
=0 for k=2,345 (6.1

Using Eq.(6.126) we have

N -1
Hk _ —_— s 6
(k) [ N_)™R=-%7k for k=0,1,23

(N - 1)x — [‘I\Jﬁ_;r 1]

: 6 67
Th=@6r — 27 -,?—[7—— k) for k=423

{
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Now the freque UENCY responge of the line

ing Bq(6.140) and g 5 1, Ml Phase filter can be wirten by s

)inEq. (6.1,

H(k} = E"jﬁﬂﬁ:ﬁ k _ 0 l
0

odor f=9345
N S 4,

Sy
—
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=r coetiicients for 7/ i are oiv
The filter ¢« for NV odd are given by
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2

[\ “ ”1I‘

2|+

hin) = H(0) +2 )" Re [.H(a‘.:)f“ﬂ”k“-f?] po 2= Oyl v IV — 1

= ]

=
I

I

% {1 4 QRE(E"‘jﬁﬁf?ejﬂwknf?)}
» % {1+ 2Re(esr(n=3)/7))
= % {1 -+ 2(*_052;(?1 — 3}}
h{(0) = h(6) = (1 + 2 cos %{ = —0.11456
h(1) = h(5) = (1 + 2 cos %E) = (0.07928

h(2) = h(4) =

T T

(1 -+ 2 cos —2—;) =0.321

1
{3 = F(l + 2) = 0.42857
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Example 6.16 Determine the coefficients of a linear phase FIR filter of length M =
15 has a symmetric unit sample response and a frequency response thai satisfies the

conditions

Solution

2ak
' =1 &=0,2,2,3
= 2]

3 and 12<& < 14
11

?E-

IA 1A

i for 0O
0 for 4

(H (k)|

I

A IA

|H(k)]

& |

|
1]

_5 b ? z-: 91011 1213 14—k
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(k) =
=Wk bEke
15
and
14wk
g(k) = l4m — 5 for8< k< 14

H(k) = e 7147*/15  for k£ =0,1,2,3
= 0 for 4< k<11

— g~ Jl4n(k=15)/15 g5 12 < k< 14
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h(n) = % H(0)+2 )  Re (H(k)eﬂwnkﬂs)
L k=1 4
1 [ 7 =
: =" 1 42 Z Re (e—il4rkflsej2rnkf15)
5 |- k=1 |
=4 2. 27k(7 — n)
=15 "1.+2§cos 5
=t 4
' 15 1+ 2cos 15 -+ 2 cos )

15 +2cosm

R(0) = h(14) = —0.05: h(1) = h(3) = 0.041 Hh(4 e
’ - ) = h(10) = —p 107
7(2) = h(12) = 0.0666; A(3) = h(11) = —0.0365 h(5)(_ l : 0.107
h(6) = h(8) = 0.3188  h(7) = 0.466 = h(9) = 0.03
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Example 6.17 Usin ‘ - )
A g frequenc sampli . ' TUITTS
following specifications Y sampling method, design a bandpass filter wi J

sampling frequency F = 8000Hz
cut off frequencies fe1 = 1000HzZ

fe2 = 3000Hz

Determine the filte, coefficients for pv 7

Solution

Un =2, T < 2he _ 2m(1000)
F 8000
m

i

4
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Fig. 6.61 Ideal magnitude response with samples for example 6.17

We, = 2w fo, T = _er;f‘?_‘?. - 27 (3000)

2
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H(;") - Hd(ejw)‘ ').ﬂ;tk = 0,1, , 6
.
|H(k)| =0 fork=0,3
=1 fork =1,2
N -1 _
9(51):—[ 5 ]w for 0 < b < =
_ 2
6
==--??rk for0< k<3
H(k)=0 fork = 0,3

— g~ J6mk/T | fork=1,2
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The filter coefficients are given by

h(n) = ir H(0) + 2 Z Re(H (k)e?2mkn/N Yy
: k=1

3
{2 Z Re{ﬁ—jﬁww?eﬂﬂknf?}]

k=1

==

S L R e

2 4
[cos ,,; (3 — n) + cos —;(3 — n}]

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




h(0)

ASP / BME / SNSCT

oharan,

edical Signal Process

€
Q2
@
1
I
o
™
)
b
=)
o
i




Example 6. 13 (a) Use frequency sampling method to design a FIR |

with w, = 4, for N = 15. Plot the magnitude response. (b) Re
selecting an additional sample |H (k)| = ©.5 in transition band. Plot the
response.

Solution

(a) From Fig. 6.62 the frequency samples can be obtained as

[H(Ik)]

k=0
w k=1 v
) u-——T—- e

a3
ba
)
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a(k)

)

e
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/

b b i s Y e S

Fig. 6.62 |
deal Magnitude and phase re
S

H(k) = e~ilamp 15 Ponse of example 6.18.

=0 for &k = a1
=t f::——jlq-n“c_‘l-'}}’f]s fOl' 2 __<_ A: S 13
fork = 14
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N — 1
- -I- 2 g 2 fori
R(n) = = | HO) +2 > Re (H(k:)f:-’z " f"”)]
E=1
o ' ' ' 2 . ; /15 _J2mwkn/15
— E 1 —4— 2 2 Re(e*—” R "f ’ 5J )
= k=1
S B 2
= I35 _1 + 2 cos 1—5(? — n}]
h(0) = A(14) = —0.0637
(1) = A(13) = —0.0412
h({2) = h{12) = 0
F(3) = h({(11) = 0.05273
h{4) = A(10)} = 0.1078
fi(5) = A(9) = 0.156
h(6) = AR(8) = 0.188

0.2
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The frequency response is given by

N—1
=5
H(ev) = Z a(n) coswn
n=0
where
N-—-1
a(0) = h [——2—]

N -1 ]
ali) = 2k [ -
| =% '}'{(e;"w) — 0.2+ 0.376 cosw + 0.312 cos 2w + 0.2156 cos 3w
+ 0.10546 cos 4w — 0.0824 cos 6w — 0.1274 cos Tw
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w (in degrees) 0 15 60 TULITTS
H(e™) 0.999 1.083  0.8216 —0.1824
[11{e”*) s —0.0064  0.69 —1.7 —14
75 105 135 165 180
00504 —0.0854 00712 —0.025 0.07086
26 ~921.37 —23  —32.04 28

TRy
1 rg lenms Lo

O
— 10
—15

—20

—30
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=]
] 7
i:;,} (b) From Fig. 6.64

We can write for3 < <7
H(:IC) = e~ Jldnk/15
= 0.5¢™914rk/15 fork =g

=0 | fork:;-_g
for3 <<~
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h(n) = [H N
(0) + 2 Z? Re(H(kJejQ?rknf/N)J

H
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1.0

0.5

Fig. 6.64 Magnitude response of Example 6.18b with a transition sample

h(3) = h(11) = —0.0125

h(4) = h(10) = 0.054

h(5) = h(9) = 0.1489

h(6) = h(8) = 0.233

h(7) = 0.267
H(e’) = 0.267 + 0.466 cos w + 0.2978 cos 2w + 0.108 cos 3w — 0.025 cos 4w
— 0.0666 cos bw — 0.0512 cos 6w — 0.0057 cos Tw
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w 0 15 45 70 75
H(e/) 0.99  1.023 0.588  0.0127 —0.0179
IH(e’“)|qs | —0.0847 0.1986  —4.61 —36 —34.9
90 105 135 150 165 180
—0.0046 0.0112 —0.0042 0.0134 0.00157 —0.013
—46.74 ~39 —47 —837 —55 —87.6
HEe )y 10

L&}
—-10

=20

Y
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