
stTime : Linear-Phase Systems

Type I : center of Symmetry LEX
Type I : center of Symmetry L-* EL
Type
# : center of antisymmetry LEX

Type #
: Center of antisymmetry 2-LEX

&

call : The frequency response of a

linear-phase system looks like

Hein)=w+

B)(w)
Phase magnitude

&

those Response: (w) = - La +B linear

GroupDelay : Delay of each frequency by hing .
Mathematically expressedby - O(c)
For linear-phase systems :

- p'(m) = L center of hin]

&: Linear-phase systems have constant
-

group delay
.



Ex: consider a squae wave :

#
Approximate it by the first 3 nonzer

terms in its Fourier series ·

A linear-phase system will delay each

pure frequery the same amount leaving
the of Insignointact.apf



On the other hand
,
a nonlinear-phase

system will shift each frequency a
different amount

, resulting in the

loss at the wave form shape :-

Side-by-side comparison :



Linear-Phase = Constant Group Delay
= Ware form-preserving
.

Hamps (w) Lt L--
SymmetricE=>acnscescue bCn3cs ((n+) a)B = 0

n =0
n=0

· No "real"
constraints =addto e

· "universal"
& No high-pass

-symm.

h[n] = hGL -n] I
zessGa

I
#. o zerseso

B= [c(n] Sin Inw) (3 Sin (n+(a)
n=g n =g

h[n] = - h[zL-n] add # of odd # of

1 only band-pass · No low-pass

LastTime : High-pass filters cannot be TypeI
IHceiu) / Proof :
-

71
cas ((n +1) ) =0 Ent
I



Os: When designing filters , if there
is any doubt

,
Choose Type I .

RemarN : ManyAnravelet Fitters are linear-phase.-

Q : What happens when you cascade-

two Type I filters ?

Ex: Heir) has to zeroes of H.

- what type is this ?

H(z) = (1 + z -( = H + 2z" + z
-2

h[n]

-> Tue

H(z) = Ho(z) Ho(z)
,
Holzy = It z-

holus Type
(

Cascade- is Type



Claim : The cascade of two linear-
-

phase systems of the same

type is days Type I .

&roof : Consider the cascade

# Lein) = H
,
Lein) Hlein)

with

Hlein)-eil-h +B) Hampla),
⑳or =12 .

Then,
j) - (4 +()m + 19 +B2)) FlampsH(ein) = e

j i(( , +4)w)e(p, +Br) =1) =C Hamp (a)
Since the convolution of two even length
filters is add and the convolution of
-

two odd length filters is ed , this is
Type I . E
-



&call : For Type I and # fildes

h[n3 = h[2L- as

Take z-transform of both sides :

-24
H(z) = z H(z-)

delay flip

& How are the zerds related ?

A: Supposezo is a zero.

8 = H(z0)= H(Ed)
There fol zo" isalso a 2000.

- H(z) = (1 - E") (2 +z)

2/4
=-+-z

h[n]- Type I



&everal : Four situations for the

(E
,
zo) zero pair

Donezodor-1 & (r,t) < VER

*
#

③ (eir
, e-ip) @ (retired

I ·
zest

zej
Trick :
-

H(z) : (l-reitz) complex zero add in complexI 8 zo = resp

H2(z) : frei
P

+ z") complex zero Conj . So that the
& zo = r

= 1e-iP coefficients all
f lip the seffs

.

real
--



Exercise :
-

Given a complex zere & rest
&

determine HCz) so that it is

a Linear-phase system with

real cefficients ·



#-PassSystems

Left : Given Hleir)
,
the system

is calledpass if

IH(ein) 1 = 1

&: What's the point of all-pass
systems ?

A : To manipulate the phase response
-

· Minimum-phase systems
· Maximum-phase systems

EX: · H(z) = 1 identity/do nothing
=> h[nz = @[n3

· H(z) = z-N delay
=> h[nz = &[n-N]



IHews/

Iy
The pole "pusss" you with

"Strength" proportional to distance
from the pole .

: This system is not all pass -

&: How do we make it all-pass ?
1: Add a zero to "counteract" the pole.

Ex: IHein)/

- DA#↓ I I
w

T

Allpass systems

have polera



#(cort).·

H(z)=
Hein)=

&
=> /Hein)) = 1

complex
Cnj. pairs

-H(z)=flip coff and takecomplex conj - of denominator
to get numera for.

=ercise : Where is the zero ?

Freir


