
Last Time : MRA of LICR) and Haar Wavelets

Haar scaling function :-

E(t) = 3 %1
!T

f

#mi&
~I

Notation:

9n(t) = 2G12it-n) translates and

dilates ofthe

TinH) = 24(2it -n) scaling and warlet
functions

-ApproximationandWallet Spac.

Wi = Span & PignSnez



The collection [Visice from a

rested sequence of subspaces of LEUR)

303c ... CV
, CVCYC ... CHR

called a mresolution a lyse (MRA).
-

Recall : Vo CVI
,
Wo < V,-

V = VorWo

-> Wo is thethogonalComplement

of Vo in VI .

-> Wo = EfeV: (g) = o,ge Vob
Two-Scale Equations-

GH)= Frodut Nectn)
↑H
=Sheet

-I

&>:Cus &2) are to Haar FB analysis files
.



Last time
,
we did this by inspection .

& Is there a more direct way to
do this ?

Sire
, for

other wavelets ? )

A: Projections .

etVo <V =) GH) = Project)
-[ <9, 3,n) Sin't)
nee

n

↑ Wo <V ,
=> YH) = Proj Y (t)

V
,

= <T,n) Ht)
nee

↑Ch]
General : Given arbitrary scaling and waelet
- -

function & and It
,
we can derive

Conjugate two filters :

Mirror

filters

[
Low-pass : Goins = < G

, Bin>
&

High-pass : Y,
9n3 = <4

, 9 n7



-TireWe
V= V, W, = re Wow

,

·

Vi = Vo DW
,
p ... Wit

&

= vo(wi)
: ElanbutUSM

Vo
is an orthobasis for LICR) ·
-

Equivalenty

Elannte VEEimBiso
, nez

is an ortho basis for LICR).



& What does this mean for FEL-R) ?

Af can be written as the sum of

its projections onto Vo
,
Wo
,
W ,We ..

-

f() = ProjfHt) Prof
Proj fit) = & If,on) Con It]

Vo necim
- 90[n]
coarse approximation approx . soeffs .

Proj +H = [(f, Yin) Yig (t)
W, ne
me di Ens
details detail seeffs

.

fH= 10 [n] Eolt)+did With

&ynthesisProcedure



Analysis Procedure

Ex: first resolution is i= 3 : &
as [m] = <t

, 93.n7

filt) = [asdut bin L
net

V3

How do we get accn] & decay from astny ?

Vs = VeDWe
↑ project onto these

subspaces
Project on to V

Projfylt = felt=f,mem
= &agen ,Eat
· 2 agans <En,,m]]Emit)MEL NEL

92 [m]



<En , er,m)=&et-n)26l2t -m) de
--

u = 23t
Lau = 23d+]

-(n)9me

[tn-T

=e(t-(n-2m))4(E)dt

# 11
-

Inn n-2m n-em+ /
8

2

- this integral is 200 unless

n-2m n-em+
n-2m = 0 or n-2m = /

in which case it is 1.

=Go [n -2m]



filt)=odn-2m3) Get
i z 92 [m3

- Define hoCA = God-1] time reversal

=> a [m] = [agCu] hodzmn
& downsampling

= (93 + ho)[2m]

azans-DADA-and]
Project onto We

Projwf() = gHt)=fPm) Yml

=aBm



=

[ anCase ,Tam
d[m]

(en , YmY = ( *= Glet-n) 24(2t -m)dt
-

-natu

-(n-n)4-m
[En

11

:Iext
- in-2)) T(t)dt
-

↓weeh ii
! H-Im n-tenth

n- 2m = 0 = j = -

-I

N
n- 2m = 1 = j = - 1

= hi[n-2m]



80H)=East - 2m3)4m()
/Nz d2[m]

-Define hi[n] = Fidns

-/

=> dedmy = Saying h ,
[Im- is

I downsampling
= (13 * h , )[2m3

Azans-IARip-d any
& Give an approximation a

,
[h],

we can get all other coefficients

an3, 2 , and defns, le is
exeney Last : Fast Walt Transform

concrete implementation : DWT



-alDWT Pipeline:

f(t) : underlying analy signal
9F[n3 : discrete approximation at some

high resolution I that you--

actually get to work with
ce .

g ., image , audio, etc. )

f(t)[9q[us@nHt
NE

· Perform a DWT :

9
F- 1 9 -2

-HDFORDI AID-de-
NG-de-



· Do some (nonlinear) processing on ,e.g.

& I-3(dE-3 , de-2, de -1

· Perform an IDWT on the processed signals,
resulting in Cn]

· Processed analy signal

H : [C]El
"Think analy , act digital

Il

MRA DurT


