
Welcome to ECEISIC

Filter Banks and Wavelets
(Multivate Signal Processing)

course will primarily focus on ·

① Filters

② FilterBanks

③ Wavelets

Lectures: Theory

HW: Theory and MATLAB (or python)

Project: The IR Applications



Filters / LTI systems (Review)

Two kinds offilters ·

①Finite Impulse Response (FFR)
② Infinite Impulse Response (IIR)
: Whatis the difference?

# Whatis an impulse response?
Linear

0sampled Time (translation)
signals Invariant

E[ -M X [n] I--> -> Y [n]L
Linear:
-

x,[n]--4,[n]

Xv[n]->- Yz[n]
↑a,BtR

2x,(n] +Bx(n)-- 54,203 +Byz[n]



*Translation Invariant
The systemdoes notcare when
itis turned on

X(u) ->I y(n]
delayed delayed
input

x(n- k]- Y
(n- #3

output

ImpulseResponse

ocns ->> hIn3

- x impulse
- 10 I response"

x(n)-7y(n) =(h*X)(n]

=[h[k]X(n-H]
k+



#R · support of his finite
-

#IR: supportof h is infinite
-

support# ofnonzero values

EX: y(n3 =t(X(n) +x2n - 1)f
#· Whatdoes this system do?

1: · Moving average filth
·Smoothing
· Low-pass filter

#useresponse:
n(u) =(8(n3 +82n - 13)

-··
·

FIR

-1012 2- tap filter



⑦How do we know itis low-pass?

1. Lookatthe quency response

in-I hit ejmcn
-r)

=gownshasanof
=an eja)

DTF+/ fequency
response

=b5: Pure frequencies (complexesporentials)
are eigen functions of ITIsystems.-

-volutiontheorem :

y(n3 =(h+X)(n]

Y(eiw):H(ein) Xcein) signal-processing
notation

Y (w) =H(a) X (w) reduced/math
notation



=transform
X(z) =[X(nsz

-

1,zt4
nG]

X(eu) =X(z)/z-ziw
EX: h(u3 = /82n3 +82n - 13)-

H(ziw) =1 +t
- jw
&

= e-za+eie]
=

e
- iz
as(w)

phase magnitude
*-

|H(eiw)/ ↳ =ejP(w) => P(u) =-
phase
response

:..on-pating high veryused



-PhaseSystems
Dev Given Alein) =eiPca) 1Cejw)),-

i

the system is called linear-phase
-

if Plu) is linear.
①(2)

- P(a) = - w 1
FX:

->I -w

S18pe =-
h[n]

- ↑
t

I =centerofsymmetryh

Symmetric Antisymmetric filters provide
a mplete characterization oflinear-
phase systems.
Type I odd length/symmetric
Type I even length/symmetric
TypeI add length/antisymmetric
Type# even length/antisymmetric



TypeI centerof symmetryLET

Ex: hIn]

1/1
1/&

- -
8/23

L=2tz

H(ein) =es2w(n +2 (i) cas(w) +2 (i) cosceas]
General:
-

H(ein) =iLw q[n] COS (nw)

n=0

Exercise: Express aca] in terms of his



#pe#: Centerofsymmetry L-It
:

IX:

hcus

1/2

->

-"I
23

L =3 z 1 - 1 =16

H(eiw) =e
-

izw[2(1)ws(z) +2(z)u(z)
General:

H(e52) =e
-Lwzbcuscs(In+a)

n =0

#size: Express bins in terms of his



E: What makes a filtersymmetric?

1: h(n3 =h[2 - n]

# Whatmakes a filter antisy mm??

1: h(n3 = -h(21 - n]

(Non) h(n] hIn] is not
- 1,1(2 antisymmetrial
EX: · 34-

0 N 1 ·
- 1/3

- 1/2

L =2

-bs: h[n3 = - h[21 - n]
=>h[23 =
- h[2]

=>=0



#e#1: Center ofantisymm. LEI

IX:
2

-

hCv]

r(2 · msh-m⑧.,!
\

!
-

1

1=2 =4

H(ein) =e
- i2w/2(1)is in (w) +2(i)since)

i =ejt =2
j(-2w +1) [Isin(w) +sin(eal]

1-8E
feel:

j(- Lw+
H(ziv) =e

I) ccussin(na)
n =0

Exercise:Express sens in terms ofhis



#e#: Center ofartisymm. Lv Ic I

EX: hCus 3/2
m
1(2

-
=>L - z =1c

H(eir) =ei (Iw+1) (aCllsin(E) +2Cilsin()
Geeal:

i(Lw +1)L
- z

H(eiw) =e &d2n] sin(Cn+ha)
n=0

Exercise:Express dins in terms ofhis.


