
Last Time : Two-Channel PR Filter Banks

X[n] HolE) 22 ML Fo(z) + -y (n] = x(n-1]

J
H , (E) di ↑ 2 F , (E)

Y(ET = z X(E)

= [ XIzF0(z)Ho(z)+ F
, (2) HilEl]

Distortion

+ X-z) [Fo (z) Hol-z) + F, (E) H , (z)]
-

Aliasing

#Conditionsz = 2z-

· Fo(z) Hol-E) + Fi(z) H, l-z) = 0



Obs : The PR conditions are two equations-

with1 unknowns (Ho,H Fo Fi) ·

Ho(z)

FLI Hol-z) I 7
Given the analysis filters

,
we can find

the syntesis files by inverting
this Matrix .

[ 7FACE]
Synthesis

] AnalysisFiltersH
Filters

* (z) = Ho(z) H ,
(-z) - Hol-z)H, (z)



& Suppose that Ho &G are FIR
.

Are Fo & F
, FIR ?

1: Not necessarily .
The issue is (E).

Might not even have causal or stable

FIR to & F
, . .

.

#RPR Filte Bark Design

&: How do we forceFo & F,
to be FIR?

A Fou S(z) = 2zt => FIR solt
.

could put

any gain
and delay

2z
-

= Ho(z) Hil-z) - Hol-z) HilE)

Folz)-tz)Fol-E)
"product"

Po(z) Pol -z)



↓esignProcedure that satisfies How do

Po(z) - Pol-z) = 2z We do

this ?

[2 Factorize Polz) into Holz)· Folt)

&3 .
Denn H, (e) = Fol-z)

F , (t)
= - Hol-z)

~Directtebakwadee/
propera

-Pan-Podd2zt
-

add
only even = 2z12k+ 1)

power powers

=> L must be odd



Podd (EY = z-
2

=> Pood(E) = =
- A

delay
Obs: Poseen (E) is the design Choice even

Geff.

Poodd (E)must be a delay old

Geff
.

EX: Let
Is po[n] valid ? Yes

Po[n] I

↳
Presen [n] Po

,
add [wy = Gary

- -
O

k= 0 , = 1



Ex Let

P . [n] Is podr3 valid ?

Yes-Type I Linear-phase

- 14
- If&

Po
, even
[u3 Peoda [n] = 0[n-13

I

-
- y4 - 14

k = 1, L = 3

8 What kind of filter is this ?

* It is a(shifted) half-band filter

Po[2n-1] = @[n]



Def:: A filter polis of the form
-

Polin-13 = @Ca]

is called a half-band filth
-

-

centered at L.
-

obs : The length of the file is 21 + 1
·

-

Obs : We have now reduced the problem
-

to designing half-band (interpolation

filters .

-

#Half-BardFilter Design
If Po is a half-band filth centered

at L
,
fun

Po(z) - Pol-z) =zz
- L



& What do people typically do ?

A Assume PLE) is Type I Linear-Phase

Why notType I ? I isedd.

Plein) = eiLw Pampia) A↑ real function

Center of

symmetry
P( - z)

- iCca -+)

Pamps(a- +)Pleila-H) = e

= eih-ihw pamp , (w - +)

itw
= - C Pampl (w- +)



-imp (c)+
in
Pw =zei-

&m(a) + Pampl(a -+) = 2

Ex:
-WS

(a) & How do we
Pamph

2 (1
+- w
,

guarantee that

Pampi (w-H) these add to I ?

It
-WS = Cp

2 ! Cp +Ws =

Cs--up
M ↓ ↓ -ripples need to cancel out

Z

-

half-band



Ex : Ideal low-pass filter (L = 0)
-

Poleiv) = Holein) Folein)
2

-> guarantee
-PR
Holein) Flein)

2 In 2

-

I -

& Why the gain
factor of I ?

# to account for the magnitude
beingeked from down sampling.

Remark : You will explore this in MATLAB
-

in the homework.



& If Po isot length 26 + 1
,

how
many coefts do we have

to design ?

A: We only need to design Posen
,

which is itself symmetric.

L

I
#Geffs

11

-
A Type # Linear-Phase with

center of symmetry ?

* Poe (ein) = -JEN Pear
, amp
(a)



Putting every thing together,

Po(z) = Po
,ee
(22) + E "Pood (EY

Polein) : Poser leier) + eihw

By D and A
,

-im(a) Pem
, amp(2w) +e

in

Pampl (2) = Pever
, ampl

(2m) + 1

&mp (2) - 1 = Par
, amp (2a)



Ex:

Pampl(2) Pamp , even (22)
2

1-

It aws it 11
3 2π

S 02
+ 2

pass-band -stopted
freg feg Pampl

,en(a)
Type I u

linear-phase 11

W
#

zeo of en

one band filthr O

ripples will

automatically
carel by symmetry

mark: We've reduced the problem
to designing a type #
livea-phase filter .



Window-BasedDesign Method

Gal: Approximate an ideal low-pass

filter with an FIR filter.

Pideal (c) Pidenl [n] =

2 Lin
· IIR

2
⑧ ⑨

-3 3
· ⑲ &

·

-10 S -4- 2 & S

w[n]

-------
- S S

P
.

[n] = Pidea/[n3 wans 11-tap half-band
fiter

&

mark : There's a whole industry im

designing window functions.


