
Today : Multifesolution , Wavelets , Filter Banks
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unifying continuous - true discrete-time
concept

Discrete Wavelet Transform (DWT)
·(yadic) Duis are based on

two-channel PR filter banks .
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2 : Given the approximation and detail
- -

-

coficients
,
can we recom the

original
approx . of the analog signal ?

concretely given di , Ens, died],
di-gd23, and di, City can

we get back a ; \nz ?

1: Yes .

"idus-MTRADE
disis-T-FT ↑ idizcas---F-
disti

Wavelet Synthesis Bank
In rese DWT

Obs : The DWT is a multiresolution decorp.- -

of the input signal.



Tin 2D (Images)
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I(2N) - (2N)
obs : Total # of coefs

image are the same at

the front and back.
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Remark: For real-world signaly many of-

"Sparsity
r
the scaling/weelet coefficients are

small or zeo
,
even with ngise .

-> Easy denoising , compression,
etc . Via simple thresholding-
procedures.
-

-> thresholding islived

cos evolution
· wavelet

Shrinkage/thresholding
of algorithms (Donoho etal

., 1990s)
sparsity compressed sensing

C↓ ⑨

candes
, Rowerg, Tao , Dorolo

, 2006)
· Deep learning (2010-nout

& Where does the discute
approx. of our

analog signal come from ?

1 Acquisition or sampling device.



(Generalized) Sampling of Analog Signals
flt)
,
tE
,
F :Re

Idealsampling

9 (n) = f (ut) =(H)approximation

= If
,Ent] inner product

Whittaker-Nyquist-Kotelnitor - Shannon
-

-ampling Therem : If f(t) is bandlimited
to [-B

, B3 , then

f(t)
=SB

So long as TC



Def 1~ fit) is band limited to [-B, BJ if

its EFourier transform
- angular

F(u)= ejcot &t
requency

-X

haspatBBey
ona

satisfies

suppf[-B, B].

Remark: We are not indexing freg in He,-

If we write W =2*-He , we
can devir =B in He and to

condition becomes is or that
25

theapling Late satisfies BE,
wher fs=



& How do you
invert the Fourier transform ?

TheseFourier Transform :

↑Hi:geta

Generalized (Non-I deal) Sampling :
a[n] =< f, ) = /

*

+ (t) Ent) at
approximation

-X -

e(t = n) [ie, T= 1]

· G is modeling the impulse recuse
of the acquisition device

-> if YH = @l-t)

<fen) = (* ) (n)

= Sits(n-t)dt
= (Helt-n)d



& What's the simplest choice of I ?

& Box (or rect) function :

EH:
otln

else ! !

& What happens if we sample an

analog signal with Selt-n3ne ?
i = 0

A: Piecwise constant approx .

-
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&: What if we want a higher relation ?
How do we double the resolution ?-

i = 1 I

# Sample with 56(2t-n)3
nee ! "



We get a higher-resolution approximation.-
-

+

·
Obs: If we keep doubling the resolution

,

we can recover the original
analy Signal !

Remark : For a general resolution is
-

we sample with GG(2"t-n)
NET
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-
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&: Is the a problem ?

What if i - b ?

S1E-n) -> 8 for almost
every +-
-

Ex: Normalize the sampling functions
to have unit energy :

Spice (2it-n)3 nee
,
ve

Pict-de 2 =2
du = zidt

= JBgudt
-

"Lebesgue space" 11511? = <9, 9)

& :The space of fite-eagy Signs
L (R) = EF : ReR : 11 +11, < 03


