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Frequencv Samplinq Method:

Generally, FIR filter can be specified by giving impulse response coefficients h(n) (or) DFT coefficients
H(K).

h(n) = Z H (k)ejz';an ------------------------------- > (1)
H(K) = Zh(n)e L >(2)
H(k)= DFT samples
H(k)= H(Z)|Z:e’2N’*" -------------------------------------- >(3)
and H(z) = Nih(n)z B 2 e ¥ 7 TR >(4)
Put (1)in (4) H(z)= NZ{ ZH (k)ejznkn}z
If z=¢” HEe'?)=H(2)
271K :
w, = (W) where o, ——> sampling frequency.

General steps to design FIR filter using frequency sampling method [type-I design]:
Step 1: Draw the filter graph, as in FIR design using window function.
Step 2: Draw the unit circle and mark the points, if k-0,1...N-1.

360°

6= 00 i
N
0

ifk=1; 6 =00
N

Step 3: To find H(K), replace @ by % is the.given equation.

. el 0<w<
Hyq (e Jw) = 9 a)c
0 for otherwise

(Or)

_J(N-1)ak
Hk)=J¢ " . fork=0passband values
0 for k =stop band values.

Note: In type — Il design replace w = %(k + %)
Step 4: Find h(n)

If "N'=odd
N-1
1 Ty j27kn
h(n):W H(0)+ > 2 Re[H(k)e N J S HO) =1
k=1
If "N'=Even:

N

h(n) :% H (0) +22 Re[H (K)e JZ@MJ

k=1

Step 5: Find H(2):
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H(z) =) _h(n)z™
n=0

—_——— e ———

15]

e O0<w<Z E
H,(eh) = 2 |
0 Z<w<nr :
2 /l
el D<o<Z
Given: H, (") = 2
0 YA
2
Step 1: From a unit circle, mark points from
0, = 360 K
N
0, =51.42°
0, =102.8°
0, =154.26°
04 =205.68°
0, = 257.1°
0, = 308.52°
Step 2:
N 1
H (k) = fork =0,1,6
for otherwise
H (k) = e fork =0,1,6
0 fork =2,3,4,5
N-1
1 28 j27kn
h(n) = N H(0) + 22 Re(H (k)e N J - H(0) =1
1 3 67zk jZ/zkn
—{ +>2 Re(e T e J}
7 =
jzk (2n-6)
_1h e 7
7
h(n):l{ 7zk(2n 6)}
7
h(n) = %{n 2| cos ”(2” 6)D} fork = 1.

h(0) = —0.114; h(l) =0.079;h(2) = 0.321;h(3) = 0.4286; h(4) = h(2); h(5) = h(1); h(6) = h(0)
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Find coefficient of LP FIR with N=15 and it has symmetric unit sample response. It satisfies the following condition.

Solution:
Step 1:

(N-1
1.e7’(7j”k K=0123

()
Hk)=4{04e ‘N k=4
0 k=567

147k

le ' 5 k=0423

147k

H(k)=4{04e 5 K=4
0 k=567
Step 2:
N-1
1 o j27kn
h(n):W H(0)+22Re(H(k)e N J ed YR T
k=1

jl47k j1l47k j27kn
h(n)_15 1+22Re([e W0, 4c \ 18 Je 19 j
k=1
1 3 JZﬂk(n 7) & (n-7)
1+ 2Re Z +2(04)Ze 15
k=1

= i 1+ 2| cos 2z(n=4} +COS 4iz(n_7)+cos Fd, KD, +0.8cos P
15 15 15 15 15

h(0) = —0.0141; h(1) = —0.0195;h(2) = 0.04: h(3) = 0.0122
h(4) = —0.0913; h(5) = —0.01809: h(6) = 0.313; h(7) = 0.52.

Determine the coefficients {h (n)} of a linear phase FIR filter of length M =15 has a symmetric unit sample response and a frequency
27k 1fork=0,1,2,3
15 0 fork =4,5,6,7

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

(May/June-13) (April/May-11)(Nov/Dec-09)

—_———————

response that satisfies the condition H r (

Solution:
H(k)|=1 for0<k<3and 12 <k <14
=0 for4<k <11
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O(k) = —(NT‘l)yz K

=-14/15 7k 0<Kk<7
and
«9(k):147z-% for8<k<14
15
H (k) = e~ 1147K/15 for k=0;1:2,3
=0 for4<k<11
=~ M4z for 12 <k <14
N-1 |

h(n):% H (0) +2 ki Re(H (K) e 127k/15)
=1

7 . :
% 142 Z RE(e_Jl47[k/15eJZ7mk/15:|
_ k=1

3 N
-1 1+2) cos R
15 ] 15

= 1114 2005 A TP gt T T
15 15 15 15

*h(0) = h(14) = -0.05; 'h(1) = h(3) = 0.041: h(4) = h(10)=—0.1078
h(2) = h(12) = 0.0666; h(3)=h(L1) = ~0.0365; h(5) = h(9) = 0.034
e h(BL=h(®)=0.3188: h(T\ =046 e

Using frequency sampling method, design BPF with the following specifications. [May/June-2016]
Sampling frequency F=8000Hz

Cut off frequencies fc;=1000Hz

Cut off frequencies fcc=3000Hz Determine the filter coefficients for N=7.

~

~——— - ——

\

Solution: ~ T T
27f
o, =2 T = e _27(1000) 7
e F 8000 4
27
: : F 8000 4

H(K)=H, (") ., k=0,1,..6

7




H(k] B 0 fork=0,3
| |1 fork=172
(k) Z_(NT_lj” for 0<k<N 1
6
:—77zk for 0<k<3
0 fory —
IH(k) :{—M =03
e 7 fork:].,z

The filter coefficients are given by
N-1

1 2 dzan
h(n) =N H(0)+ > 2.Re| H(k).e M }

k=1

== c0527”(3— n)+ 00547”(3—n)}

h(0) = h(6) = —0.07928.
h(l) = h(5) = -0.321
h(2) = h(4) = -0.11456
h(3) =0.57
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