
-time : All-Pass Systems

Review : (1-reiP") => zero of reit
-

flip self . (-reiP +z) zero@r"it

flipGef + (-re-iP+") => zero&r+eit
complex Conj.

*
All three have the Same magnitude resp.



Lett : A causal and stable system

is calledFirst-order apass if
-jp

H(z)= I

*woa
all-pass systems
have

pole-zero
pairs

ADef : causal and stable system is
Nth-order -pass it-

H(z) :T
↓



Theorem : The phase response (a)-

of a stable and causal all-pass
system is monotere decreasing

.
-N

P(u)

Proof is long and borin
g...

Exercise :

Find all systems#H with same magnitude
response and order

By inspection :

Hz) = -↳ + z- & What is the

# difference ?

1: the phase .



& How are these two systems related ?

-tr
.2

H
,

(z) H(z) H
, (z)

11) o=
·:F:#

Minimum Maximum
Phase phase



&bs : All-pass systems can be used

to derive many near systems
with the same magnitude response
without

effect
.

Changing the system

· Low-pass remains low-pass
· High-pass remains high-pass
· etc .

s: Minimum-phase "act faster"
· smaller group delay

Maximum-phase bact slower"

Obs : You can make a system act-

faster or slower with an all-pass
filter

.

Remark : This is how you understand DSP-

-> understand how polesizeroes affect
the system
- Understand how to manipulate them



Exercise :
How many ofth systems
have the same orderk and magnitude response ?

H
,

&It . Flip zeros
= 23 = 8 total systems.

General : 2N
,
N is the # of poles/zeros

&How many with realcoefficients
↑ The two complex zerosAs

need to flip together.

·



Q : Which one is
-

- Minimum-phase ?
- Maximum-phase ?

A Minimum-phase = H,

Maximum-phase = He

hy? By flipping a zero

inside the unit circle
- S

you decrease the phase

Proof : Previous exercise
.

-

Obs : All-Pass
-

H = H



-

·
H
,
(z) : (H) (l-e)(1-e
= (H) (l-eize

co- = (1 + +z
=) (1-cos(z+ EY
· = (H + (z) (1 - 2z" +Yz)
- = 1 + yz-



&: Why so
many zero ceffs ?

It Symmetry.

Hi(z) = H
, (z) = H, (ze)

a + bz" + (z- + dz
= H , (2)

a + be +cid= Hilz
=) b = c=0

. H(z = a + bz-
r



-

Alternative Characterization of Min/Max-Phase

Define thepartial energy

ECry=
There: For all systems of same order

and magnitude

humindeS
where huining is the min-phase
and hang is

any other system in
this family , i . e, hmin has the

largest-
partial energy.



heorem: The max-phase system hmaxing
has the smallest partial every-

Ima Yes th

Obs : · Min-phase has
every-

concentrated in the "frent
h[w]

A k

· Max-phase has energy
4

concentrated in the back"
has

m ↓
-



& bS : Min-phase systems act faster.-

Remark : You can make a system act

-
faster or slower by manipulating
the phase.

Exer: Compare partial energy of
h
,
[a] and h

, [23

min-phase

Hi K
Hilz] = IzHlz]

-+
De - It se



Exer: Compac with he las max-phase

·I It
Exer: Compare with he has

Ex

·
veron Tota



~

Multivate Systems

Ex: · YouTube fullscreen

E increaseda
·

watching videos at 2x speed.
&call :

~ Cus = Xc (nt)
, I sampling rate

Downssuple by factor I :
Slauer

(ti)x[ns = X(2n] = Xc (2nt)· samplinga
Intuition :
-

Downsampling reduces bandwidth
-

Upsampling increases band width
-



Exoice
is Filterbank

sampled at
Blte

Ifeg . resp . ! Batz

Fii ·let in

I i
cell phones Ente Yo
operate in

MHz of GHz
CRF spectrum)

Also how

Cable +V

It, lein) works

#
filter

actual filter



Oscempling& Interp by Factor I

2 : What is upsampling ?-

A: Putting zess between samples
upsampling ifEX : always followed-

by interpolation

vense you

- &: What is
the job

↓ of the filter?

not wife 1to interpolata-erg . in an

image This

would bl

daA lies



Q : what's the easiest
way

to
-

interpolate ?

A Repeat value to the left.

UCn] Y[n]

-
Exercise ! What is has such that-

(h * u) [n3 = y Cn] ?

Solf :
-
y?

h[n]
Y[n3 : 4[n3 + UIn-1]

11

h[n3 = @Eny + Ota-1]
-


