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Linear Systems with Generalized Linear Phase

Causal GLP Systems

* Causal FIR systems have generalized linear phase if they have IR length
(M+1) and satisfy either Eq. (5) or Eq. (6)

If
_(h[M —n],0<n<M
hin] = {0, otherwise (7)
then | | |
H(e/?) = A, (e/®)eI®M/2
where

Ae(ef “’) is an even function of w
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Linear Systems with Generalized Linear Phase

Causal GLP Systems
If
_(=h[M —n], 0<n<M
hin] _{ 0, otherwise (8)
then
wM ]11'

H(e/?) = jA,(e/®)e /oM/2 = 4 (e/®)e™ 2 T2

where

A, (ej “’) is an odd function of w
* In both the cases, the length of the IR is (M + 1) samples.
* Eq. (7) and Eq. (8), are sufficient to guarantee a causal system with GLP.

Dr. Shadan Khattak
Department of Electrical Engineering
CIIT - Abbottabad




Linear Systems with Generalized Linear Phase

Causal GLP Systems

Based on the (even/odd) nature of M and the (even/odd) symmetry of
type of symmetry of the IR, four different types of FIR LPS have been
defined:
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Linear Systems with Generalized Linear Phase

Causal GLP Systems
TYPE I

IR: Even Symmetric M: Even Example (M=2): hfn]={1,2,1}
h[n] = h[M —n], 0<n<M

Since M is an even integer, the delay M/2 is an integer.
The FR is

M
H(e/®) = h[n]e~/«n
( )jwMZn:%
H(ef"’) =e 2 (Z 2 a[k]coswk)
k=0

-1
alk] =2n|(%¥) - k|. k=12,
B in Eq. (3)iseitherOor

Where
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Linear Systems with Generalized Linear Phase

Causal GLP Systems
TYPE 11
IR: Even Symmetric M: Odd Example (M=3): hfn]= {1,2,2,1}

hin]| = h|M —n],0<n <M

- wteof(-3))

. _j(UM A
H(ef“’) =e 2 Z b[k] cos
(M+1)

k=1

blk] = 2n |2 — k|, k=12,..,
f m Eq. (3)1s either O or
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Causal GLP Systems
TYPE II1

IR: Odd Symmetric M: Even  Example (M=2): h[n]={1,0,-1}
h[n] = —h[M — n], 0<n<M

| _joM [
H(ef“’) = je 2 Z clk] sin wk
k=1
c[k] = 2h [% _ k], k=12,..,%
T 31T

f 1 Eq. (3) 1s either ~or —
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Linear Systems with Generalized Linear Phase

Causal GLP Systems
TYPE IV

IR: Odd Symmetric M: Odd Example (M=3): h[n]={1,-2,2,-1}
hln| = —h|M — n], 0<n<<M

jwM 1(M+1) 1
H(ej“’) =je 2 Zkzzl d|k] sin [w (k — E)]
d[k] :Zh[(M;—l)—k], k = 1,2,...,(M;1)

. L T 31
f 1n Eq. (3) 1s either 5 0f =
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Causal GLP Systems

'r‘/scyf::::t?;
1 l 1 ,r"’fsfg.e::t:a.:t?;
I N R B
M M = n M A A A
v : ° l " Figure 5.36 Examples of FIR
(a) 5 linear-phase systems. (a) Type |, M
Center of © Even, h[”] = h[M - n]‘ {h} TYPE "1- M
" symmetry - Center of odd, A[n] = h[M — n). (c) Type Hli, M
| E 'I " symmetry even, h[n] = —h[M — n]. (d) Type IV,
LRI ol o Modd, hlag = —h{m )
0 M M=5 n 0| I n
(b) ° @
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Linear Systems with Generalized Linear Phase

Causal GLP Systems

Type | Impulse response symmetry | Impulse response length
| symmetric M + 1 odd (order is even)
I symmetric M + 1 even (order is odd)
1l antisymmetric M + 1 odd (order is even)
A antisymmetric M + 1 even (order is odd)
Type | LPF | HPF | BPF | BSF | Comment
I Y Y Y Y Most versatile.
I Y N Y N Zero at z = —1.
[l N N Y N Zeros at z = +1.
IV N Y Y N Lero at z = 1.
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