DESIGNOF FIR FILTERS-SYMMETRIC AND ANTI-SYMMETRIC FIR FILTERS

Introduction:

e A digital 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 filters.,, (4) h (n)......cc......... N )

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 high as 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:

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

__________________________________________

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

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

N-1
H(e™) =Y h(n)e /",
n=0
Which is periodic in frequency with period 27 .
H(e®) = £ | H(e’) | ™

Where H(e/®)is magnitude response and 0 ( @ ) is phase response.
We define the phase delay and group delay of a filter as

_(_)and’c :—(—de 0)) _______________________________ >(1)

p m
For FIR filters with linear phase we can deﬁne
0(®w)=—0m;—T <o <n >(2)
Where o is a constant phase delay in samples.
Substitute: equation 2 in 1, we have T , = T ;= , which means that a0 is independent of frequency. We can
write,

N-1
3 h(myeion =+ | H(e/)| e )

Which gives us,
N-1
D" h(n)coson =% | H (e’ )| cosd () >(3)

n=0




N-1

and —> " h(n)sinon =% | H(e/”)|sin6 (o) >(4)
n=0
By taking ratio of equat}]oln (3) to equation (4), we obtain
> h(n)sinwn SO
L ;[0 (0) =—00] >(5)
COSOL®
Zh(n) cosmn
n=0
After simplifying equa‘ggn (5) we have
D h(n)sin(a. —n)o =0 >(6)
n=0
Equation (6) will be zero when
h(n) = h(N —1—n) >(7)
N -1
And o= 3 >(8)
Therefore, FIR filters will have constant phase and group delays when the impulse response is symmetrical
about a = oL
2

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

1
symmetry of the sequence occurs at third sample and when N=6, the filter delay is 2 3 samples.

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

O(w)=p-aw
Now we have H(e/®)=+ | H(e/®)|e/® )

Equation (9) can be expressed as
N-1

Z h(l’l)e‘jwn =+ | H(ejm) | ej(B—am)

n=0

which gives us
N-1

Z h(n) coson = +| H(e’®) | cos(p —am)
n=0
N-1

>(9)

>(10)

and =Y h(n)sinon=+| H(e/*)|sin(B —ao)
n=0
By taking ratio of equatis)vr}l(l 1) to (10), we get
—Zzolh(n) sinon— . (B)=om)
Zh(n) cosmn *esem)
n=0

From which we obtain |

>(11)

>(12)

D h(m)sin[p — (o —n)®] =0
n=0
Ifp _T , Equation (12) becomes,
2

>(13)

Ni:l h(n)cos(ot —n)® =0

The equation 13 will be satisfied when #4(n) = A(N —1—n)

And o = N

2




Therefore, FIR filters have constant group delay,t, and not constant phase delay when the impulse response
. . . -1
is anti-symmetrical abouto = .

2
Example:
-1 6-1 1
For N=6 o = = =2 _(centre Of symmeﬂy)
2 2 2
A
A
(certre of symmetry)
0 1 2 2.5 3 4 5
For N=7 >4
-1 -1
ForN=7 a = NT = 77 = 3(centre of symmetry)

centre of symmetry

0 ) B4 3 4 n>
Linear Phase FIR Filter:
An FIR filter has linear phase if its unit sample response satisfies the condition
h(n)=xh(M —1—n); n=012..... N-1

Case (i): Symmetric impulse response for “N is ODD”:

,

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

N o o

The frequency response of impulse response can be written as,

‘ ' [M=1) jom-1 M-l
He® = hme ™ +H e 2 1 > hmye o >(1)
n=0 \ 2 ) n:M
Letn=M —1—n, where z = e/® |H(ef°°) = H(z)‘z =e/®
2
() &= RN gy | 12
He” = Lh(n)e‘-/"’” + Al le 2 & Lh(M -1-n) (O g >(2)
n=0 2 n=0
For a symmetrical impulse  response, h(n) = h(M — 1 —n), substituting this relation in aboveequation(2)
" joM-pl (M=1) M- Jo (1)
H\e™ )=e | <& A(m)e i > |+ 2 h(n) e- L M=
2 | N J N 2-n h| |
4
n=0 n=0 K 2 ) ’
| # I
_sewen!l wa o _ ] j
rn\e’ - j=e I 7 M\ ) CUSW n'+tn

2 =
|m_ n=0
The polar formof H(e/®) can be expressed as

H(e )=|H(e? )




(M-1_ 1

+ 2—h(n) Ccos® —n

e

for H(ef“’) >0

.. Magnitude of H(e’®)is givenas H(ef“)) ( -1

| L

Angle of H(e™)is givenas AH(efw)“i t or, for H(JM <0

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

Determine the frequency response of FIR filter with symmetric impulse response and the
order of the filter N is Even. [Nov/Dec-2013]

The frequency response of impulse response can be written as,

M2
H(ef“’) 2 h(n)e /*" + Zh(n)e Jom >(1)
n=0
Letn=M —1—n, where z = /® ’H(e-/‘”) = H(z)‘z =e/®
M2 M2
H(ef“’) 2 h(n)e 7o + Zh(M -1-n)e ~jo(M-1-n) >(2)
n=0
Fora symmetrlcalzzmpulse response, h(n) = h(M — I — n), substituting this relation in aboveequation(2)
( ) M3 (M -1\ jew- #
H e = ) h(n)e /" +h ey ¢ EEZzan) e f )
n=0 2 } n=0
Jo(M-1 sz (M=1 \ M2 (M-1 \—|
_ Jjol -n | 2 —jo -n
H(ew)=e > hme 2 .3 hn)e 27
\» =0 n=0 U
, - M2 M -1
H(ef"J )= e @1 p(n) cosw( - n\ ﬂ

||L; = J{J

The polar formof H(e’®) can be expressed as H (efOJ ): ﬁ( (efw )%JZH "
)

, _ M —1
.. Magnitude H(e’®) = 2#!1(11) CcosSM —n

Z .
< L(_i){M —Jl\ , for H(e’®) >0

. |
Angle of H(e’*)is givenas LH(ef"’):{L(D M2—1 v for Hel™) <0
=)

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

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

pm——————

/

N o o

For this type of sequence
}TM - zj =

v 2 )




H(e’™®) = Z_: h(n)e /"

The frequency response of impulse response can be written as,
M3 M3

H(ej‘” )= 2 h(n)e 7" + ZZ: WM —1— n)e /*M-1
n=0 n=0

for antisymmetric impulse response, h(n) =—h(M —1—n)

u3 u3
2 o
Hie/) = 2h(n)e—fwn =3 hmye o)
n=0
,W(M 1 |M,3 OETRTE R
J

} > h(me 2
(-1 F A ]

:e*jml\ g '22 h(n)sm® —  —n"'

n=0

[\
N——

» [ A‘l_jh(n)sm(x) - -n X

L n=0
H(ej‘”) [ﬁ Pl 1Wl“tfh(n)smco(M ! \—||

|L n=0

Magnitude of I1(e’” ) 1S gIven as, H(e’” ) = z—_ﬂw JRIv gty —n

g b

f or H(e/®) >0

Angleof H(e®)is givenas, 2rem={3s L( M0 H(efw|) <0

|2 LTJ

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. [Nov/Dec-2013]

The frequency response of impulse response can be written as,
M2 M2

H(ejm )= 2 h(n)e 7" + ZZ: WM —1— n)e /M1
0 0

for antisymmetric impulse response, h(n) =—h(M —1—n)
M2 M2
2 .
H(e®) = 3 hnye-son — 3 hme 0
n=0 n=0
(uny | ME ]
—e Jﬁ)| ‘ '22 h(n)sin® —  —n"'
o

o L 2 J[

J

IL




Hie™ )=e (Mj)eﬂ | “Fhmysine =——n "'
' Lo Jh
H(em)=e" PM ”"'r %h(n)smw Il
2
| { [
] 2LWZ h(n) 1
—e- jwl L n)simw — —n"'
N J | B L ) J’
HT JT
:6[5 wPMz-lﬂ th( Jsi n(D ]'
IL L : ‘ |
magniiuae oy ri(e’ ) Ls given as, ’u(e./w )= Zﬁn\n) S w —nJ
e
— 2
(ﬁ— (M ! for H(e/‘”)‘>0
Angleof H(e’®)is given as, ZH(e®)= 32 (]\/% i

- for H(e’®) <0

2 =
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