
Last Time : Polyphase Representations of PREBs

Analysis bank polyphase representation :

[
Ho(z)

JH, (2)
= (p(z) [-]

Synthesis bark polyphase representation :

[Fo(z) Fill] : [E"DEplEY)

G ive a PR filter bank

[
we have the equivalent system
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By the Noble identifies
,
this system is

equivalent to

T]-
E #Lat

polyphase representation of

the two-chancel filter bamb

If Ep(z) (p(z) = z-
*
I
, identity matric

then y[n] = XXn-23, where L = 2 N+ 1.

PR

Alternatively , if Ep(z) #p(z) = z-
*

[]
then
,
PR isguaranteed .



First we will ignee z-F-

We have the system :

TAL↳
LED A

=TEtag
t #
LID

ED Noble

identity
Las

= TIATA
E

*At



E-EF-T- =E

The fore
,
if Ep(z) #p(z) = z-r[0],

-Lethecus
when

-

Ho(z) = Fo(z)= (+zt)

H, (z)= (1 - z -)

F
,
(z) =( - 1 + z-)

Ho(z)

11 ·E)i]]H , (E)

·



&S:p(z) is independent of z

·IJ is a retation matrix[
Fo(z) = z -Ho(z-)

E F
,
(z) = z-H, (2)

If He is min-place, theFo is max-phase
and Vice-versa .

If Hole has all its zees inside the

unit circle
,
the Holz-) will flip

ten all to be outside
,
and vice-versa.

In general , for 1st-order systems , the analysis
bank takes He form
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Obs : In the Haar case
,
Co= Po:-

&

&b : H
, (z) = - z"Ho)-z-)

In quenal , for 1st-order systems, the synthesis
bank takes the form

T
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[EO(E) F11z] =Eli []
= [z- 1 [C]
= [So + z"co - co +zso]

&: Fo(z) = z-Holz-

E F
,
(z) = z-H, (2)

&call : Po(z) = Fo(E)HolE) is a half-band filtr

= (So + z "co) (C + E"Sol

lattice
= So Co +E* + So Coz-2

Structio
Type I linear-phase

r - and half-band

Remark : This is the gleal Rowe ofIstwordn
-

orthogonal filter bark :

&: from Ho you know everything (HFo, Fi).



#High-ordersystems

&: Is this a higher-order filth bank ?

IDTI
A No. A cascade of two retation is still

a retation.

Self : Add some delays .
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= Yes 7
= coc + "Soc-zsod

, z-Cos ,&Cos
,
++ 202 , + 22 soci -z-3coc]

8)b : H, (z) : - z -3 Hrl-z = )

For the Synthesis bark, we have

D
(Fo(z) Fin] =

Cr1(co-g
= [SotCoz co - 3oz +

]]]
~ (So +

1Etco-sozt][Y



= [Cos , -z"Sol,z Soc, zt 204
- Co + E"Sof So S, +zicS

,]
&b

: Fo(E) = z ->Ho(z-)E F , (z) = z - 3 H
, (E

= 1)

Remark : For or thogonal filter barks, you-

onlyrea to design Ho.

In guer
,
you can get high-order systems

from lowen-order systems by cascading more
Ro blocks with delays.
(Proof is by induction
For orthogonal systems :

#p(z) :[c]R[[] Ro

Exercise : write down Eplt).-



&day : Given Pe
,
1 = Y ..., K ,

find Hoghy, For F,

Next the : Give Hel, Fo, E , that specify-

an othegora & Ho bark, find

Pe
,
l=1-E.

Exercise: Suppose H, (z) : Hol-z)
,

Ho is FIR.

Find all PR systems.


