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Introducao
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Codificacaadle Sinais

Principio basicoE comoreduzirum litro deleite a
algumaggramagieleite empo. O sabordabebida
restaurad& parecidocomo sabordeleite, masalgumas
sutilezassaoperdidas.

Objetivo Dadaumataxade compressaa;omprimiro sinal
como minimodedistorcao.

Principais aplicagobesArmazenamente transmissaale
dados.
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Codificacaqor Transformadas

Dados
originais

l Dados

Transformada Codificador
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Codificacaqor Transformadas

Transformacao O objetivo é eliminararedundancias
(correlacOesgxistentesno sinal.

Quantizacao e Alocacao de Bits Substitui-secada
coeficienteobtidonatransformacagor umavariawel
guantizadaguetomavaloresnumconjuntofinito de
numerogeais.Oscoeficentegjuantizadosaocodificados
comum numeraofinito debits, damaneiramaiseficiente
possiel, deformaaminimizarataxadedistorcao.

Codificacao Ordenam-sesdadosde maneiraadequada
parao armazenamentou atransmissao.
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Transformadas

f T T(f)
| sinal
sinal transformado

Transformadale Fourier
Transformadavavelet
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JPEG(DCT) JPEG2000(VT)

6.1KB (Taxadecompressae- 115 : 1)
JPEG(JointPhotographi&xpertsGroup)

ERMAC, PortoAlegre,20-21/junho/2002 p.8/8



Analise de Fourier
AspectoDiscreto

AspectoFuncional

fz) ) fre™
k
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Analise Wavelet
AspectoDiscreto

e {fd,... &}

AspectoFuncional

fl@) = Y fle(2z— k)
k

= > Ro@—k) + ) dap(2 — k)
k [=0
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Sinais sao analisadogor expansdoegmtermos
defuncbesbasicas.

Algoritmosrapidos

Fourier: localizacamo dominiodasfrequécias.

Wavelet: duplalocalizacaddominiodas
freqlténciae dominiotemporal).
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Caracteristicas

Wavelets

base et p(27t — k)
ortogonalidade Sim Sim
completude Sim Sim
autofuncoesmportantes] sim nao
algoritmosrapidos sim sim
localizacao £ t x &
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Historico

1810Josepiourier

!
1965Coo0ley e Tuckey (FFT)

1984 Morlet e Grossmann
1 Meyer, Mallat, Daubechiesgtc..
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Fourier

(Partel)
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Ondasde frequénciasvariadas
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OndasSonoras 3D

DO central— & = 263 Hz (263 ciclospor segundo

Usom = 340m/s A= fsom

Percepcaalo ouvidohumano:

20 Hz < ¢ < 20000 Hz
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OndasdelLuz

— &~ 6 x 10 Hz
(A=0.510"%cm)

Cores <= freguénciavariadas

Vermelho — 4.6 10'* Hz
Violeta — 7.110"Hz

- -8 -6 -3
10 10 10 10 100 )\ (Cm)

[aios gama  raiosX yltravioleta infravermelho  Onda de radio

20 16 13 3
10 0% 10 10 TON(7)
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Sériede Fourier
f(t) @umsinal2r—periodicode enegiafinita

ft)=>_ fre™
k=—00

Superposicadeondaspuras
2T
k (emcadaperiodoocorremk ciclos)

f
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Ortogonalidade

/ einte—imtdt _ { 0 SE N 7& m,

. 2T Sen =m,

Coeficientesle Fourier
. 1 [T _Z.
fie = o /_Wf(t)e Hat.

Transformadale Fourier

f—f=(f)
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[ rera =2 3 1P

-7 k=—o0

Enegiatotaldo sinal= a superposicadas
contrituicOesindividuaisde enegiaemcadanivel de
frequéncia

{e" k € Z} — sistemaortogonalcompleto
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Integral de Fourier

f(t) sinalnaoperiodicode enepgiafinita
1 [ . .
_ 1€t
10 =5 | e
Transformadale Fourier. f — f
fo = [ roea
Formulade Plancherel:

on [ U= [ (e

0
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O mundodiscreto—- DFT
f - sinaldiscreto/NV-periodico

Transformadale Fourierdiscreta(DFT)
f —f,

Coeficientesle Fourierdiscretos

1 N—-1
~ —ink2w
fe = N E_O fne ¥

ERMAC, PortoAlegre,20-21/junho/2002 p.22/8



1
f = —Fnft.
NN

Matriz de FourierdeordemN:
N-ésimaraiz daunidade:
n(N—1)

(1,w}{f,w]2\?’,... , Wy ) — n—esimdinhade Fy
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Ortogonalidadeliscretadabasede Fourier

Nl ink2m —imk2n { O sen % m,
e N e N p—
N sen=m,
k=0
FNF—N = Nx1
IDFT
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Aplicacaoda DFT

40
35 | -
30 -
25 | ]

20 .

temperatura

15 - .

10 .

5

O 1000 2000 3000 4000 5000 6000 7000 8000 9000
tempo

Sérietemporalde temperaturalo ar paraa estacaale Cananéi
em1979.Fontedosdados:Lab. Met. doIO/USP N = 8760
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(b) Zoomin daDFT

14 14
12| 1ol
L} (|
E 08 | % 08|
= 067 = 06l
04 | 04l
02 02|

0 ——— - : ' | L U

pig.~pi4 px'lz p34 P 002 0%5 03 035 04 045 05 055 06

Xi

A 2r k
Frequencia = =~

Ospicosem¢ ~ 0,262 e ¢ ~ 0,523 correspondenao ciclo

diurno (24 horas)e semi—diurnq12 horas)datemperaturalo ar
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read@ = | " f)lt — y)dy

Fral) = | Flgt— )y (perisdicos)
[f*g]n — Z fmgn—m

N—-1
fxgl, = Y fugu-m (periodicos)
m=0



Teoremade Cornvolucao
w(t) = [f * g](t)

naoperiodicos 2m-periodicos

w(&) = f(£)3g(&) Wy, = [k
w=1Ffxh

naoperiodicos N-perié@igos

W (&) = F (&) H (E) wr, = N fih

H(f) = i hke_ikg.
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Filtr os
(@) |H (&) (b) |G(¢)

Filtros passa-baixd&l (¢) e passa-altdr (&)
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Filtr o passabaixa

Naconvolucaow = h * f:
frequénciadbaixassaopreseradas

~

Wy = fi

frequénciagltassaoatenuadas

ERMAC, PortoAlegre,20-21/junho/2002- p.30/8



Exemplo:

Coeficientesleh:

ho=h_1=1/2, h; =0, k>0ek < —1

w é ameéediaentreo e ,
ISto é,

1 1
Wy, = §fk =+ 5fk+1-
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Seo sinalfor , detal formaquef sejaparecido
comsuaversaaransladaS_:f, entaoo resultadada
convolucaonaodifere muito do sinaloriginal.

freqUénciadbaixassaopreseradas

No entantogestenaoe o casogquandoo sinalf for
muito > Porexemplo,seo sinalfor detal
formaque f; sejaiguala — f;..1, entaoo resultadada
convolucidow = f x h énulo.

freqUénciagltassaoatenuadas
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Filtr o passaalta

Naconvolucaow = g x £

frequénciagltassaopreseradas
frequénciadbaixassaoatenuadas
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Exemplo1:

£

G (&) = —ie'? sin g,
Coeficientesleg:

1
902_9—125, ngO, kEk>0ek < —1
1 1
WE = §fk—§fk+1 = 2w =1 — S5_4f.
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Exemplo 2:

>
=
=~ R

> O
N N N N
DO
N’ e v v N N NS

>
>
KN O = %

G (&) = [H(E + )

— 0, k< -5,

3/256,
—3/256,
—22/256,
22 /256,
128 /256,
W1l — k),

k>0,
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tildefxi

2t

3 .

Mpi Mp

134 Mpi2 Mp4 0 pid pi2 pi3d pi

tildefxi

Db

(0) |G(¢)]

3 .

Mpi Mpi34 Mpi2 Mp4 0 pid pi2 pi3d pi

XI
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DFT N =512

Sinal

pi2 pi34

pi4

1
cost + 1 cos 250t.

f(t)



(@)

Emw permanecapenas componentelefreqléncie
baixa,umavezqueo filtro H anulaacomponent&le
altafrequéncia.

(b)

w SO contéma componentale alta freqtieénciatendc
emvistaqueofiltro G (&) cancelasfrequénciadaixa:
def.
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(@w =fxh




FFT - Cooley e Tuckey (1965)

DFT: EsforcocomputacionalD(N?)
FFT: EsforcocomputacionalD(Nlogs(N))

Algoritmo basead@emumafatoracaalamatrizde Fourierem
termosde matrizesesparsas
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e e e
~
|
p—
|
~
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DCT

f = (fx) - sinaldiscretodefinidoparad < k < N
O sinalé extendidopor simetria

A expansaale Fourierdo sinalextendidopodeserexpress
por basede cossenos

DFT em2D

A analisede Fourierseestenda 2D deformadireta

P61, &) = / ) / " Fy)e T dady
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JPEG e Codificacaocom DCT

Imagengde N* pixelssaodivididasem N* /64 blocosde
8 x 8 pixels.CadablocoétransformadaomFDCT-2D
(fastdiscretecosinetransform)

UsualmenteJPEGé usadocomtaxasmeédias
R € [0.5 — 1]bits/pixel; De 0.75 — 1 bits/pixel, aqualidade
e excelente:

Comtaxasde0.25 — 0.5 bits/pixel, aqualidades
moderadaAbaixo destenivel, efeitosvisuais
guadriculadosparecene torna-sampratica\el.
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0.5 bit/pixel 0.2 bit/pixel

Figure 11.14: Image compression with JPEG.

ERMAC, PortoAlegre,20-21/junho/2002- p.44/8



Wavelets

(Parte2)
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Codificacaqor Transformadas

Dados
originais

l Dados

Transformada Codificador
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JPEG(DCT) JPEG2000(VT)

6.1KB (Taxadecompressae- 115 : 1)
JPEG(JointPhotographi&xpertsGroup)
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Sériede Wavelets

0 0

i)=Y > dit),

J=—00 k=—00

Funcbedasicas:
UL(t) = (2t — k)

Existemvariasfamilias,dependenddaescolhada
waveletmae

dy —
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Exemplo: Waveletde Haar

1, 0<t<1/2
V() =4¢ —1, 1/2<t<1
0, casocontrario
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05

h(2t)
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Sistemaortogonal

0 sej#l 0oUk=+#n

277 sej=1ek=n,

/OO V(2t — k(2 — n)dt = {

Coeficientesvavelet

df—z?/ f)w(27t — k)dt.
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Transformadale FourierdasWaveletsde Haar
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Transformada wavelet

f= 1" =(d)

|dentidadede Parsenal

[irwpa=3 3 o

J=—00 k=—0¢
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Wavelets: Caracteristicas

Localizac&o tempoal
Localiza@o frequencial

d;, medidado conteddc de f associad@s
frequénciag queocorremno

Resolucoesversament@roporcionals
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AX

A¢

; Ly

g

: /_///j////////// //;a

/_/_/_/_/_ // /.
V4 /

/,

Planot x &
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DWT elDWT

£+l DZT flo gio ... g’
{ }ID?/T { 7 7 7 }

f* — Valoresdiscretodo sinalna

- , (n+1)2~*
=2 s
n2—

(médiasnosintenalos[n2~*, (n + 1)27%)).

dt — entreosniveis/ e/l + 1
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Algoritmos

Andliseou decomposicdof’*t — (f/, d)

_. 1
fii = 5{ ‘7+1+f2];+11}
d] L 1 r1+1 r]+1

ko — 5 { f k+1} -

Sinteseou reconstrucaof f/, d’) — f/*!

i = )

il = [fi—d)
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Forma de cornvolucao
Analise
dp = [ gt [ = [ 0y,
Sintese

r)+1
=2

/\

4 )
Z ﬁ{hk—Qn + Z fq{gk—Zn ) )
. N n /
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Filtr os
Osfiltros deanalisee de sintesesaoconjucados

H™(§) = H(E) e G(§)=G().

??4
|
-
Nl )
5
|
-

N}
*
~~
5
—
|

|
DO | =
™
|

|

p—t
>
*
~~
™
—
|
DO | =
x5
|

|

p—

0 demaiscasos 0 demaiscasos

\
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Bancode Filtr os

J+1

2] downsampling

)
<.

d’

— 24 —2h| —

— 21 — 28| —

2 Tupsampling
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WaveletsOrtogonaisde Daubechies

Principaisingredientes

(a) Filtro passaaixa
Condicaodeortogonalidade

(b) Filtro passaalta

G(&) =e “H(¢+).

Emtermosde seuscoeficientesy, = (—1)"h1_,
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|Hi (&) = Pak (€)

Py (&), M =2K

Pys(€) = (cos Mz( ) g2

(associadoainterpolacagolinomialde Lagrangedegraul —1)
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CoeficientesdosFiltr os

K =2

K =3

K=4

h(k)

h(k)

h(k)

~N~N o o WODN P O|X

0.341506350946110
0.591506350946109
0.158493649053890
-0.091506350946109¢

0.235233603892082
0.570558457915722
0.325182500263116
p -0.0954672077841637
-0.0604161041551981
0.0249073356548793

0.162901714025649
0.505472857545914
0.446100069123380
-0.019/7875131178224
-0.132253583684520
0.0218081502370886
0.0232518005354909
-0.0074934946651807
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DWT elDWT

£+l DKT flo gio ... g’
{ }ID?/T { 7 7 7 }

%zﬂff@m%—mﬁ
R

¢(t) — funcé@odeescalonamen

dt = 2° / F(t) (2% —n)dt
R

Y(t) — funcdowaveletmée
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phi

phihat
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phi

phihat

02 | /

14
12+

08 |
06 | \
04t |\
021t/

Xi

12

08| |
06| |
04| |

0.2t J

0.2 . . .

psi

psihat

05

_15 L L

Xi

09 —
08 | I
0.7 [
06t [
05t ||
04t [
03+ [
027 [
01t A

0.1 . . .
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LocalizacaoTempo—freqliéncia

J<O J:O j>0

A&

A X
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Propriedades

RelacOesleescala
B(t) = 2> hd(2t — k),
k
Y(t) = 2) ged(2t — k)
k

RelacOesleortogonalidade

/R Ot —)p(t —m) = O
/R Yt — )Yt —m) = Gporm,
/R ot —n)p(t —m) = 0,
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Suavidadee Suporte A suavidadee o suportedas
waveletsde Daubechiegsumentantomo parametro
K.

Cancelamentde Polinomios As waveletsde
Daubechiepossuem , 1.e,
cancelanmospolinomiosdegrau

(K éordemcomaqueo filtro passaaixaH (£) seanulaemm, que
éigualaordemcomqueG(§) = e “ H (¢ + 7) seanulaemzero

O numerode étambémigualaordemcomque
atransformadale Fourierv(£) seanulanaorigem.)
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Caracterizacade Regularidaddocal:
estaassociadaograude de / no

de/, eaonumerode de

(Sejap + 1 0 nimerode momentosiulosde. Se f for uma
funcdocomderivadaf®) continuano supportede ),

0 < s < p+ 1, entdoo coeficientewaveletd) = (f, /) satishz
aestimatva

| < € 270D f |

C —constantguedependeey e|| f*) ||, éanormadomaximc
de f*) nosuportede’.)
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Exemplo

j ~ .~
d;. Sao emregioesde
j ~ "~
d;. Sao emregidescom
Funcéo Posicaados|d)| > 107"
LS 10
ol
1t ~ 8
y | RN [ v
G S S e S
)|
% 02 04 06 08 1 ‘ ‘ ‘ ‘
. 0 0.2 04 0.6 0.8 1
Localizacaadoscoeficientesvaveletssignificatvos.
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WaveletsBiortogonais

Filtros passaaixa
Condicaode Biortogonalidade

As fungbesdeescalonamento*(x — k) saoortogonaisas

waveletsy (x — k); As funcOesdeescalonamentd(x — k)
sdoortogonaisaswaveletsy* (z — k);

E possiel ter simetria;

Noscontornospode-saisarextensasimetrica;
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Processamenttbe Imagens
Imagem— matriz 2D

Os

possuemumaestruturade bancogd

AS

deanalisee sintese

a

a0 Caso
; e

efiltros

SaC

efetuadasas e dessamnatriz.

Em

existems3 tiposde

ERMAC,
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DWT 2D

— h* 24— 1

fj+1

— h* 24—~ d’

2] downsamplinglecolunas |2 |downsamplinglelinhas
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IDWT 2D

f/ 21—~ |h|—

27

ecolunas

27

27

upsamplingdelinhas

ERMAC, PortoAlegre,20-21/junho/2002 p.75/8



2D-DWT

LL3[{HL3
HL2
LH3|  HH3
HL1
LH2 HH2
L H1 HH1

horizontal

vertical
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Lena GoldHill

Boats

Figure 11.6: These images of N2 = 5122 pixels are coded with R = 0.5
bit /pixel, by a wavelet transform coding.
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GoldHill

Figure 11.9: Significance map of quantized wavelet coefficients for images
coded with R = 0.5 bit/pixel.
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P(X) | | P(X)

0.15/ | 0.5
0.1 | o0a |
0.05 | 0.05 |
° _so "o so * 9 Zso mﬁﬂﬂohhm 50 X
(a) (b)
p(x) P(X)
0.15 | 0.5 |
0.1 | oa |
0.05 m M | 0.05 |
mmmﬂﬂﬂ]ﬂmmﬂﬂmﬂmmm
" 50 T o s * 97 o Ts0 X
(c) (d)

Figure 11.8: Normalized histograms of orthogonal wavelet coefficients for (a)
Lena (b) Boats (¢) GoldHill (d) Mandrill.
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0.2 bit/pixel 0.05 bit/pixel

Figure 11.16: Embedded wavelet transform coding.
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(2) PSNR= 36.2 (b) PSNR= 39.2

34KB Taxadecompressae- 20 : 1
(a) JPEG (b) JIPEG2000
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(a) PSNR= 30 (b) PSNR= 33.6

12 KB Taxadecompressae- 60 : 1
(a) JPEG (b) JPEG2000
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(2) PSNR= 26.5 (b) PSNR= 31.0

8 KB Taxadecompressae- 100 : 1
(a) JPEG (b) JIPEG2000
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Conclusoes
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Codificacaqor Transformadas

JPEG- DCT

Vantagens baixacompleidade,robusto,eficiéntea taxas
moderadasle compressao

Deswantagens resolucaainica,poucaflexibilidade, efeitos
guadriculadosetc

JPEG2000 DWT
VantagensEficientemesmoemaltastaxasde compressac
multirresolucaopermitequalidadeprogressia, etc.

Imagengmnaisirregularesimpressoesligitais, comtexturas
altamenteoscilantes outrasbasesaomaisapropriadas
(waveletpaclets,local cosines)
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