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& Why is this bad ?

1 Blocking artifacts.

(Imagine upsampling by factor 2)

Remark : Interpolation filter design-

is a kind of arf
-



& What about lineer in terpolation?
UCn] Y[n]

- ·↓ -
Exercise : What is heas ?
-

Solf :
-

-↳ y (ny =
4(n + 13 + n(n-1)

+ 19232

hang = [Cn + is + Stal+2 -1

& Why is this bad ?

A : Looks too sharp . We want
-

something that looks smooth.



8bS :
- looks kinda like

a sinc lowest

Zal :

UCn] y[n]

- -
Exercise : What about the filter
-

n2n3

"



Obs : It's bad because it changes the-

original samples !

creak what happens & y Co]

y (03 = 1 + 0 +1 (2)= us]

we destroyed the original samples !

oul: Interpolate and preserve samples.

& bS : The issue isatof of any.-

Property : An interpolation filter must
-

Satisfy -> (d2)h[n]

⑫3= Oly half-band
condition

Obs : Interpolation filte design is only-

about the add Golf



Frequency- Domain Analysis

vans-l yeus
U(z) =V(zy) = Ulein) = Vleig

XMt
Uleing spies

S#
-



Remant : We don't want the spectrum
-

to look like this !

Toptions:

Uleing Uleing

I
· ·

Hein) 102-pass Glein) high-passfilter

· ↑
Il Il

Y(eiry

· /A-
Low-pass Interp. High-pass Enterp.



We have already seen low-pass
interpolation .

& What is high-pass interpolation ?
-

2 Given a low-pass file
,
is there

a corresponding high-pass filter?

A: Yes
.

Glein) = H(ei(-1) Shift in
feg -

modulation in
gcns = einhin3

time

= (-1)"h[n]

& If has satisfies hale band condition
,then so does glas .

Leven index stay the
Sane)

.

Trick : Flip every othercef of hars to
-

get geny.



Exercise :
-

Give the linear intep - filth

hins, What is the
corresponding

high pass filth gas ?

Gl :

gans

-real wige
= high-pass

UCn] Y[n]

- ·
- 1 . S

Obs : Original samples as preserved-

because g[n] satisfies the
half bad condition.



②: Is upsampling linear ?

A: Yes ↳BER
roof(2) (GV , <n] +BUz[n])

< v [J +BVr[] , never
I E 8, n add

=↓V3 ,naGBV,aE
,
madd

= ↓(12) V , <n] + &(12) V, [as D
2. Is upsampling

fire - invariant ?

A : Nor
-

Prof: After upsampling ,
the signal always

has zwo for add seeff.

VInSEFy , day add Get
zeno

Y , [22 FScta]
=> not

vin]Ft72] even sett time - invariatTo



Remark : This is why multivate DSP is
-

hard : Operations don't commute.

Multivate filter bark
-

↓N
I
-ye (a)

↑·
multiplexed
the spectrum

F



casofUpsamplingg, n
is
mult

&, else

insert (L-1)
zess between

sample

v(z =V(z) => Vlein) = Vlein)

E: L=+

Uleia) Wein)

#Ai
-I

I

· 3 copies of

the spectrum
·a total spectrums

: & options for the intep. filter
General ! Lintep · filtes for the LSpectrums
-



Downsamplingby Factor

2 : What is down sampling ?-

1: Delesing samples

v[n] = X[2n]

un-ins
2

-
- I -1

2 : Is down sampling linear ?
-

A : Yes
-

& Is it
time - invariant ?

An No

2 IS
it invertible ?

Ai No .



2: How are the spectrums Klein) and Vieing
related ?

1: Uleins =Vleitu)

Hom are us andxas related ?

↓ [n3 : Xo] XCis X2] x 133 X
...

+ EDxGy: XLoy
-Xis +23-*9] -13

-any20003 0 2 : 125 0 2003 ...

=> ucny = - (x(n) + (1) x(n])
=> Ulein = ! (Nein) + X(ei(

-+

)))

(e)+Xe))



GS: Downsampled spectrum is the ang

.
of original spectrum stretched by
factor 2 and that same spectrum
shifted by 24 ↳

Ex Klein)
fleit tei) ↑
F

H
2π

*
-2 -#

w z

--
Y

alising
destroyed
original
Signal

2 : What conditions on fleir) for-

no aliasing ?

A: Bard limited [-I,3.



EX :

Fein

#T I+
- -It-

2

mark: Downsampling is always
preceded by filing

Decimation

-

articiliating
Filter

Obs : Reverse of upsampling.-


