
Last Time : Orthogonal Filter Banks

Exercise: Suppose that H, (E) = Hol-z)
,
where

Ho is FIR · Find all PR systems.

* Haar wavelet/FB

Ho(z): (Hz)
Hi(z) = =(1 - z-)

-> at least one solution exists

Solf : Use the polyphase representation.-

Ho (E) : Eo (EY) + z - /E
,
(er)

even add

polyphase polyphase

H, (z) = Hol-z) = Eo(z) - z+E , (EY

Ho(z)

I # , (2):)
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The problem has been reduced to inverting ApCE).
i.e
, finding Ep(E).

Synthesis Bank:
-

Tecere that

[ii] · [i - 13 : [i]

th↳

-
Ep(z)

Ep(z)=[E] -1)



[Fo(t) Fi() : <z" 13 :/
I

- It"D

.
= [Ete+z

Es(zr)

- Fzy3
Remark : So far

,
we have not assumed

-

anything about the filters ,

& What if we want FIR files ?

1 Polyphase components must be delays .



:ey Es (z) =92-to ,
E
,
17) =be-t,

The queal FIR solution takes the form:

Hr(z) = EolzY + z"E
,
(Y)

=az-280 + bz
-120

, + 1)

& For Haar warlets
,
10 = 0

,
12 = 0,

a
=16=

· For FIR soluters
,
the are infinite possibilities.

· For Causal & Stable IIR solution
,

Es & E
,
must be min-place,

Lzzes of Es & E
, are

inside unit circle

=> poles of & I and in side
unit circle (



Orthogonal Filter Banks

A(z) = [ ]
Lastfire we saw that

,
for ansuthogonal FB,

Hp(z) = _ (-1) Rv 1(z) Rn-, A 1) --- 1(z) Ro
,

wher

Re = [Re SaI is a rot , matrix.

(w+ 1) parameters vs. (1 + 2) for a

gueal factorization.
Lattice structure reduces the of parametes .--

&

--
-

Re = os[i]&-
- 1

I=in



AnalysisBank: I " (t) Ft

D
order2+ Ho & H

orde 25-1

(FO][]]
· L,

888: Given Fot"(z), ** (2)
,
& B we can find

F (e) &(2)
·

love ender -> higher order



& What a bout the verse ?

Given Hotz) & FF1z)
,
can we find

O*11
,
& E (2) ?

Ob: If we can do this
,
we have show

that the structure above can implement
all orthogonal filth barts.

↑
A- 1D: [2 + 13 = Sh , [2k-1]

impulse I highestFor
a

response
ofIs

② [23 =
S* [25-2

③ 10] =
c *"[o3 loust-order

&↓13 =c S terms



Recall: For ethogonal filth banks
1

H(z) = z-EN
-D+

(z) &

·Cr[IN3 = - *"[o]-&

-D
·Moz-

S
tan &N

&F = tan-1[LAI



-w - 1
· A

,
22-23 = not [13-

=
↑
k - 1

· no dis:-

Ever

tamPy =-
On = tan(



&: Is

-
Alternatively , is

&TLCNC]Go[] = 0 ?

for orthogonal systems ?

#Int: Po(z) = Fo(E) Holz)

Since the system isorthogonal,

Fo(z) = z
-(2+ 1)

Ho(z-)
=> Po(z) = z- 12w+ 1) Ho (E-) Ho(z)

is half-band.
*

Cain: A implies &



Note: he = Go
, -

Hr(z) : hodes holit hoses --- hodzed hoteating
i

z-(2n+ :) Holt") : holveig hol hol)- .. h9ls holoy

z : ho[o] hoLLE] + hoCBhoCeNt] = D ~
half
band

& This only works because the system is

Orthogonal & Po is half-band.

At this point we have Ow , Which allows

us to construct I & Fry



Exercise : H, (2) = Hol-z)
.

-

If Holz) is Type I linear-phase , are

Fo & F
, causal & Stable ? No .

Set : Causal & stable for & F,

= E & E
,
are min-phase ,

E holn] : a b c d ba

202n3 : a c ca

e , any : I d b

polyphase components of typet linear-phase
System are linear-phase.

linear-phase systemsnot be min-phase.

& What if Ho is type I line-phase ?
No

.



Ethong : a b c d)d a b a

2022 : a c d b

e , any : bd < a

polyphase components of type

line-phase system are flips of each other.

E
,
(E) = z- Eo(z-1)

If one at the is min-phase , the
Oth is mar-phase.


