24EC403-DIGITAL SIGNAL PROCESSING

DESIGNOF FIR FILTERS-SYMMETRIC AND ANTI-SYMMETRIC FIR FILTERS

Introduction:

e Adigital filter is just a filter that operates on the digital signals.
Types:

e FIR filter design

e |IR filter design

FIR filter:

The digital filter which designed.using finite number of response co-efficient is called as finite impulse
response filtersy (n) h (). e hes, (0)

Advantages:

1. FIR filters have exact linear phase:

2. FIR filters are always stable.

3. FIR filters can be realized in both recursive and non-recursive structure.

4. FIR filters with any.arbitrary magnitude response can be tackled using FIR ‘sequence.

Disadvantages:

1. For the same filter specification the order of the FIR filter design can be as highas’5 to 10 times  that
of an IIR filter.

2. Large storage requirement needed.

3. Powerful computational facilities required for the implementation.

Linear Phase (LP) FIR Filters:

______________________________________________________________ N

. Derive the condition for Linear Phase (LP) FIR Filters. [Nov/Dec-2009] :

The transfer function of a FIR causal filter.is given by
N-1
H(z) =) h(n)z ™"
n=0

Where h(n) is the impulse response of the filter.
The Fourier transform of h(n) is

N-1
H(e)=> h(ne ",
n=0
Which is periodic in frequency with period 2 7 .
H(e") =% H(e') fe "

Where H(e'”)is magnitude response and &( @) is phase response.
We define the phase delay and group delay of a filter as

-0 —de
T, = ﬂand;rg = () e >(1)
w dw
For FIR filters with linear phase we can define
O(w) = —aw,~r<w<7-- memeeeememmeemeeeneeeeeeee e >(2)

Where « is a constant phase delay in samples.
Substitute: equation 2 in 1, we have 7, = 7 4=« , which means that « is independent of frequency. We can
write,

=z

-1

h(n)e " =+ H ()| e ")

>
I
o

Which gives us,

=z
LN

) h(n)coswn =+| H (') | CoSO(@) =--mnnrmmmmmmmmmmmmmmmmmmmmee >(3)

>
I
o
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and

—gh(n)sin on =+ | H ()| sin O(@) -----=---=-==mmmmmmmmmmmeem e >(4)

By taking ratio of equation (3) to equation (4), we obtain

N-1
> _h(n)sinen
n=0
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h(n)cos wn

>
o

After simplifying equation (5) we have

And

gh(n)sin(a—n)a):o-- e LR SR EEEEEER R >(6)
Equation (6) will be zero when
h(n) = h(N —1-n)-- \ = B s — >(7)
N -1
a=— e A AP >(8)

Therefore, FIR filters will have constant phase and group delays when-the impulse response is symmetrical

N-1

about o = ——
2

The impulse response satisfying equation (7) & (8) for odd and even values of N. When N=7 the centre of

symmetry of the sequence occurs at third sample and when N=6, the filter delay Is 2% samples.

If only constant group delay is required, and not the phase delay we can write

0(w)= p-aw

Now we have H (e*’)==|H(e*)|e'#*
Equation (9) can be expressed as

N-1 4
D h(n)e " = £ H (M) e/ ) oot >(9)

n=0

which gives us

and

%h(n) coswn = £ | H(e!*){€0S(3— @) =======-=-z=mmmnmnmnnmmaav >(10)

- _lh(n)sin on=+|H(e*?)|sin(B — a@) -----------=--------------—- >(11)

n=0

By taking ratio of equation (11) to (10), we get

N-1
= h 1
nZ:(; (n)sin‘wn 4 2 20)
N=1 N
h(n)cos wn cos(f —aw)
n=0
From which we obtain
N-1
h(n)sin[ B = (& = N)@] = 0 =w=mmmemmmmeemm oo >(12)
n=0
If g =%, Equation (12) becomes,
N-1
> h(n)cos(a —n)w =0-- N >(13)
n=0
The equation 13 will be satisfied when h(n) =h(N —1-n)
And o = N-d
2

ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY




24EC403-DIGITAL SIGNAL PROCESSING

Therefore, FIR filters have constant group delay, z, and not constant phase delay when the impulse response

is anti-symmetrical about o = %
Example:
For N=6 o = % = % = Zé(centre of symmetry)

ﬂx
A
(centre of symmetry)

0 1 2 24 3 4 5
For N=+ >4
For N=7 o = % = % = 3(centre of symmetry)

centre of symmetry

0 1T S T >

Linear Phase FIR Filter:
An FIR filter has linearphase if its unit sample response satisfies the condition
h(n)=+h(M —1-— n)' n=0,1.2........ N-1

,______________________s ________________________________________________

1 Determine the frequency response of FIR filter with symmetric impulse response and the order |
: of the filter is “N is Odd”. |

The frequency response of impulse response can be written as,

(eJ“’) Zh(n)e J“’“Jrh[M 1) Jw(gﬂil)+ '\/lz_lh(n)e_j‘”n -------------------------- >(1)

n=N+l
Letn=M —1—n,where z = ej“"H (e)=H(z)]z=¢"

2

M-3 M -3

M —1 _ie(M-1) L :
(6’”) Zh(n)e - h( j 2N z h(M =1 i sy, >(2)
n=0
For a symmetrlcal |mpulse response, h(n) = h(M —1—n), substituting this relation in-.above equation (2)
M-1

joM-1)| —5 M-1 jo(M-1)

Hle')=e 2 Zzlh(n)e-(“LZh(n)e Zon +h(MT_1j

M-3

H(ej“’)ze_- 2 Zih(n)cosw(MT_lj—n +h(MT_1]

The polar formof H(e'”) can be expressed as
H(e™) = H(er Jeie”
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M -3
_ 2. _
h(M 1j+ 2> h(n) COSa)(M— nj
2 ra 2
—a)(MT_lj for‘H(ej”)‘ >0
(M
—

Case (ii) : Symmetric Impulse Response For —“N is EVEN”:

. Magnitude of H(e”)is givenas ‘H(e"”) _

Angle of H(e'”)is givenas ZHe! =
<0

_1j +, for ‘H(e iy

order of the filter N is Even.
Thé'NdgUevien fesponse of impulse response. can be written as,

[ Determine the frequency response of FIR filter with symmetric impulse response and the]

M 2 M -2
H(e™ )= Zh(n)e i Zh(n)e C . ] . - >(1)
Letn=M —1—n,wherez = e“‘"H () AEnir=e
M 2 M 2
H(e™ )= Zh(n)e e Zh(M - nye M-l g /. A\ >(2)
For a symmetrlcal |mpulse response, h(n) = h(M —1—n), substituting this relation in above equation (2)
M -1
o0 | | | _jw(M—l) 2 2
H(e)= > h(me +h(M2 1je 2y oMk 1 >(3)
n=0 n=0

M -2 M-2
joMD|{ T3 1z

HEe)=e 2 Zh(n)e””[5‘")+§2;h(n)e‘j”[2_"]

M-2
_joM-D | 5 _
H(elw):e 2 Zih(n)COSw(¥_nj
n=0
The polar formof H(e'”) can be expressed as H( ) ‘ (e‘“’}eil'*(e“”’
M -2
-, Magnitude|H(e )| = ZZh(n)cosw(—— )

—a)(MT_lj for [He )| > 0

o

Case (iii) : Antisymmetric for “N is ODD”:

P OO e e e e e e e e e e e S

Angle of H(e'”)is givenas ZH(e'®’ =

1} + 7, for‘H(ej”)‘ <0

Determine the frequency response of FIR filter with Antisymmetric impulse response and the order
of the filter N is Odd.

___________________________________________________________________________

For this type of sequence

e

- ————

~—————
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He ') = MZlh(n)e""“”

The frequency response of impulse response can be written as,
M-3 M-3

H(e )= Zh(n)e jon Zh(M _1—n)g-ieM--

for antlsymmetrlc lmpulse response, h(n) =—h(M —1—n)
M-3 M-3

. 2 . 2 .
HEe'™) = > h(n)e " — > h(n)e M=
n=0 n=0

= efjw[T_j Zzl h(n)e ja{Txnj = ZZ"h(n)ejw(z__nj

n=0

M-3
M-1

=ej‘"[2]j 23 h()sin w(MT‘l— nj

:efjm[ 2 ]ej% Zih(n)sin a)(MT_l—nj
n=0

M

3

H (ej“’): ejbm( 3 H 2% h(n)sin a)(MT_l— nj
Magnitude of H(e'") is givenas, ' |H(e') = Zih(n)sin a)(— y nj
——a)( jfor‘H(e"“’)‘>0

Angleof H(e!*)is givenas, ZH(e'2) =
37 M — w
—— ( 3 )for‘H(e )‘<0

Case (iv) : Antisymmetric For =“N-is EVEN”:
[ Determine the frequency response of FIR filter with Antisymmetric impulse response and }

the order of the filter N is Even.

The frequency response of impulse response can be written as,
M-2 M-2

H(e™)= Zh(n)e jon 4 Zh(M _1—n)g-ieM--n

for antlsymmetrlc lmpulse response, h(n) =—h(M —1—n)

m-2 M-2
He') = ih(n)e’j“’” — Zz“h(n)e"’(“(“”*l*“)
n:.o M-1 M ;:0
:efjm[ ]j 2 Zh(n)sm a)(MTl— nJ
n=0
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M-2

H (ej“’)zejm[M2 1je.72[ ZZh(n)sm a)[M

n=0

-1 n)
H (ej‘”)z ejb (M_lﬂ ZMZZh(n)sm a)(MTl— nj
=efjw[M IJJ {Zgh(n)sm a)( M2 ! nj}

M -2

e J'E‘@( Mz_lﬂ ZZZ:h(n)sin w(MT_l \ nj

N
( j or‘H(e“")

3?7[ o a)(MT_j for ‘H(e "“’)‘ <0

Magnitude of H(e'") is givenas, ~ |H(e*)[=2 z h(n)sin a)(

>0

Angleof H(e')is givenas, ZH(e?) =
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