
estTime : Multivate Operations

Downsampling by factor 2

vin3-tuns

· Ulein) = V(e52n)
· ucas = - (x(n3 + ( -1 x (23)
=> Ulein) = +(x(eiw) + X(ei(m-)))

=> Vein) = (X(ei) +Ne)



spirat,a
Has

How do we generalize : (2)

nCn3: (HDXC43 + (-1)
*xCrs)

O: 11 arehe 2nd roofs of unity

#
Llaim : 3rd roots of unity
j

-
=> nans: (xcn] + eithe + e



· Ulein)= Xeiw)

· Vlein) = Visa)

#e)=X

Remark: Before down sampling by factor 3,-

band limit signal to [-]
to avoid aliasing .



#Hownsampleby factor M

↓n-v[n3 = x[Ma]

=ei)
M v = 0

#
Exercise : Compare

v*
keeps every Mth identity
coeff , and sets

the rest to 0 .



Evans
X(eir)

i
Vlei)ei

S
↳-f

aliasing
All

togetheValidarodicare valid

N=2

⑭
-ut -our-ho #3 S GH



-oble Identities
a

4 sp is hand because
-

operations don't commute.

· up down sampling isfime-varying
Noble Identifies help to

quickly
analyze multivate systems.

①

②-

ExioM=3
,
L= & v

③ If gcdEM, 23 : · M =2
,
L=+ X

-

Proof : Do it at home (Ch . 3 , sec. 4) ·



Exercise:
-

rans Eltop - yeas

Klein) What is Y(ein) in

It terms of X (ein) ?

⑳ : Don't do it with brute force !

X-E-Z-X(E)annoyingtoa

By B :-

By D :ent

ByD:et

ByBycuseven-1]
&
v2n]



vCn]-EH]-VCn3
&
U[n]

V(z)=Xzi

V(z)=X(ze-
Vlein)=X

Y(ein)-ibwX(e
Exer: Try difent orders of the

Noble identifies
.



likeswil ↳
V= 2

A
- Lit - 24

8bS : severe aliasing ?
-

& How could we see this bene ?

1 InputOT band limited

to [-I, #3 and we

immediately downsample by 3.



Hein) ideal
Exercise: low-pass· we
as Yin]

xlein) What is Y(esin)

#M in tens of xei. .

Solf :
-

-HHHHD
- -

identify identity

x3-ELyns

Inans
Ulen) = (Xlim) +Ye

--)



Uleim) Yein)
Neilm-i)#

↓# -I
Hein)

Hi-
-π T

I

Yein)

& X-- #-



~
~PolyphaseRepresentation

Recall:

Ef This is only
for thery . Extrendy

-
wasteful in practice.
-

Tthought Experiment :

Imagine L = M = 1024.

· F is processing a lot of tos

- Expensive

· Throwing away most
of the

computations after H
.

& Can we filter before upsampling ?

&Can we filter after downsampling ?



# H(z = 1 + 2z" +3z+ &23

= (1 + 3z
-2) + (2z" + 4z-)

even power add powes

= (1+ 3z -2) + z" (2 + 4z-)

= Heren (2) + z"Hodd (er),
where

Heren (E) = (1+3)

Hand (z) = (2+ +z-)
These are the ever/edd polyphases.

Here t
filtering /
at high rate E1z]
= Slow



Since downsampling is linear:

t-
LFddley-Eit

ByD

x(n) TE filting atO⑰ ↓ low rate

↳
As

Series-to-parallel
buffer Remark:This is how
-

every multivate
& Why is this useysyste is impleated.



Exercis

- Slow

F(E) = Far (2) + z "Food (EY)

-D
Ele

-L Both are

LTI

they commute
.



Since upsampling is
linear :

T
Eit

LI-Tes)-

·
By D :

⑧ (comes out

deubred

Easter)

multiplexing
parallel-to-serialsuffer

Remark : Polyphase representations efficiently-

implevent multivate operations.



Obs : for FIR files its very clear.
-

& What about FIR filters ?

Exercises
-H(z)= #
What areHe even andodd

poly phases ?

H(z)=
-
=(Fz)+ z

+))&
even add



Her(z) = FTC Hond
&6 : The even lodd polyphased of an HER
file we both IER

.

-

Time - Domain Characterization
-

h[n]

-
heren [n3 = h[zn] Lodd [n3 = h(2n + 13

E: H(z):z I
H(z) = Faz-

h[n] : (E) u[w3
h[n3 = avU[n]

↑
unit step
-gp ...

8 (2 ---



heren [n]= naani=usus

Hamlet
Godd Cry = (1) nt udem=*usus

Hadd(z) : -


