DESIGN OF FIR FILTERS USING FOURIER SERIES METHOD

STEPS TO DESIGN FIR FILTER USING FOURIER SERIES METHOD:
If | Ha( @)= {1 0< || <w.

={0  otherwise 1s given specification.

Step-1: Draw the graph for given specification.
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Step-2: Find «
N-— .
a=— If frequency response of w, is given

2
a =hy(e/®) coefficient
Step-3: Find hg(n)
ha(n) = — [* Hg(el®)eodo

Filter coefficient hd(n) for different type of filters

LPF- hg(n) = G)T': for n=a
hg(n) = Soc =9 for n=q
d - n(h—a)
HPF- hqym) =1- mf for n=a
__ sin(n—a)r—sinoc(n—a) _
hq(n) = B for n=a
o —
BPF- hy(n) =——< forn=a
I
__ sinocy(n—a)—sinog; (n—a) -
hg(n) = B for n=a
BSF- hg(n) =1 - mcz% for n=o
hd (I]) _ sineey (N—a)—sinees (n—o)+sinn(n—c) for n—a

n(n—a)



Step-4: Find h(n)
h(n) =hy(n) for —oc<n<w

=0 otherwise

Step-5: Find H(z) transfer function
N-1
Hz=Y >, h(n) [z +z"]+h(a) ifo=0
=h(a) + ¥h—a h(n) z™ ifa+0
Step-6: Find the transfer function of the realizable filter is

—-N-1

H(z)=z z H(z)
Step-7: Find magnitude of H(z).

1. Design a FIR LPF with cut-off frequency of 1 kHz and sampling frequency of 4 kHz with
11 samples using Fourier series method:

Given
fe=1khz
f=4khz
N=11
0, =0.T= {:—: = % = 0.5t rad/sec

The desired frequency response Ha(e’®) of low pass filter is
Hd(ejm) =1 for o, < 0 < +o,
=0 for-tr<o<-o.ando, <o0<n

The desired impulse response hy(n) of the LPF 1s

1 (" Lo
hg(n) = EJ‘ Hy(e!®)e“"do
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The impulse response h(n) of FIR filter,

sinm-n N—1 N—1
Hg(n) = —= for n=— — to —
= for n=0
T
N-—1 1i—1
N=1 = =5
2 2

Hence, calculate h(n) for n=-5 to +5

When n=0:

0.5

h(o)=? ——=0.5

When n=1:

h(1)= “2“ —““fzj"* D-03183

When n=2:

h(2)= sil;mncn _sin(zimz}_o




When n=3;

h(?)): sir:;:lrcn _sin(z:i.rm?,}_ 0.1061

When n=4;

h(4)= sinocn _sin([).Smd.-}_O
nn x4

When n=5;

h(S): sir:;:lrcn _Sin(g;iﬂ*S}_0.063?

Whenn=1; h(-1)=h(1)=0.3183
n=2: h(-2)=h(2)=0
n=-3: h(-3)=h(3)=-0.1061
n—4;  h(-4)=h(4)=0
n=>5;  h(-5)=h(5)=0.0637
The transfer function H(z) of the digital LPF is given by.

H(z)=z" % z{h(n))

=z 2 Z h(n)z™

=z Ya——sh(m)z™

=z"°[h(—5)z° + h(—4)z* + h(—3)z®* + h(—=2)z? + h(—1)z! + h(0)z° + h(1)z™* +
h(2)z72 + h(3)z 3+h@) z=* + h(5)z~°]



Using symmetry condition h(n)=h(-n)

=z"°Th(5)z® + h(4)z* + h(3)z® + h(2)z? + h(1)z* + h(0)z° + h(1)z™* + h(2)z ™% +
h(3)z 3+h(4)z™* + h(5)z°

=z 5Th(0) + h(D)[z+z ' +hQ@)[z2 +z 2+ h(3) [z +z 3] + h(D)[z* +z7*] + h(B) [z ° + z75]

H(z)=[h(0)z*+h(D[z*+z¢]+hQQ)[z 3 +z 7+ h(3)[z 2 +z ]+ h(D)[z"* +z79] +
h(5)[z° + z719]]

H(z)=0.5z7° + 0.3183[z* + z7°] — 0.1061[z 2 + z~%] + 0.0637[z° + z~1°]]
Y(2)=0.5z27°x(z) + 0.3183[z* + z7°]x(z) — 0.1061[z 2 + z®]x(z) + 0.0637[z° + z 1%]x(2)]
LINEAR PHASE STRUCTURE OF FIR LPF:

X(z) -t zX(2)

0.5

0.5 °X(z)
Y D o2 »Y(2)

Find the magnitude of H(z):

N->odd. symmetric

N-1

Tz
|[H(¢™®)| =h(0) + ) 2h(n)coson
=h(0) + ¥5_, 2h(n)cosmn
=h(0)+ 2h(1)cos® + 2h(2)cosw2 + 2h(3)cos®3 + 2h(4)cosw4 + 2h(5)cosm5

=0.5+2 = 0.3183cos® + 2 = 0(cos®2) + 2 * (—0.1061)cos®3 + 2 * Ocosm4d + 2 =
0.0367cos®5

|H(e¥*)|=0.5+ 0.6366c0s0 — 0.2122c0s®3 + 0.1274cos®5



2. A LPFis required to be designed with the desired frequency response.

Hy(w) = {e712® — 0251 < w < 0.25™

={0
Where N=5

Stepl: Draw the graph

025n<w=<mn
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Step2: Find «

Step3:Find hy(n)

—e 25T o251 [Fa]
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hgq(n) = Ef Hq(e*)e*?dw
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ig(“—zl_ ]'%[ﬂ—zl .
hy(n) = T[(n 3 l = \ = sm:(n —2)
1 1!
hd(n}:msmz(n — 2) for n = 2
=1/4 for n=2
hy(0) = “(f ; —=—=10.1591
hy(1) = )sm T (—1)=—"2 = 0.2550

Step4: Find h(n)

StepS: Find H(z)

hg(2) =i=0.25
hy(3) = sm (1) =0.2250

hy(4) = SlI]. (2)—— = 0.1591

h(n)=hq(n)

H(z)=h(c) + ¥N-2h(n) z"
=h(2) + X% _,h(n)z"
H(z)=h(2)+h(0) z° + h(1)z* + h(2)z* + h(3)z* + h(4)z*

H(z)=0.25+0.1591+0.2250z*+0.25z* + 0.2550z% + 0.1591z*



H(z) = 0.25[1 + z2] + 0.1591[1 + z*] + 0.2550[z* + z3]0.1591z*
Step6: Find H'(z)
H'(z)=z"?H(z)
H(z) =2z72(0.25[1 + z?] + 0.1591[1 + z*] + 0.2550[z* + z3])

H(z) = 0.2527%2 + 0.25 + 0.1591[z% + 2] + 0.2550[z* + z']

Step7:Find the magnitude of H(z)

N-3

H(w)=h (?) + Z[ZHT;{; h(n)cos(w (? — n))]
=h(2)+2[}.L_, h(n)cos w(2 — n)]
=h(2)+2[h(0)cos2 w + h(1)cosw]

H(w) =0.25+0.3182c0s2 w + 0.45cosw



