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e Degradacodes do sinal analdgico
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Degradacoes do Sinal Analégico oy

e Ruido: aleatodrio, cumulativo, inerente aos processos fisicos
envolvidos na eletronica;

e Distorcao nao-linear: presente em todos os elementos ativos
de circuitos, amplificadores, processadores, etc.;

e Interferéncias: ingresso de sinais indesejados, geralmente de
origem humana; identificaveis, porém de dificil eliminacao;

e Perdas: atenuacoes, limitacoes de resposta em frequéncia,
dispersao temporal, etc.
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Degradacoes do Sinal Analogico
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O Sinal Digital na TV A

e Processamento de Sinal
e Armazenamento

e Transmissao Digital
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Processamento Digital e

e “Frame store”: armazenamento digital para permitir
congelamento de imagem, camera lenta e “replay”

* “Frame synchronizers”: sincronizadores de sinais de video
com capacidade de compensar defasagens de até 1 quadro
completo

e Conversores de padroes: transcricao entre sistemas com
varreduras de 50 e 60 Hz, implementados com
interpoladores e decimadores espacio-temporais
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Processamento Digital e

e Equipamentos de telecinagem: conversao de 24
fotogramas para 60 campos por segundo através de
interpolacao

e Efeitos de transformacoes geomeétricas: mapeamento
espacial de imagens, em tempo real, com mudanca de
coordenadas, deformacdes, perspectivas, etc.

e Redutores de ruido: baseados em filtragem temporal entre
linhas e quadros consecutivos
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Processamento Digital o

EPUSP

e "Time Base Corrector"” (TBC): compensacao de flutuacdes

temporais de curta duracao (Jitter), em equipamentos de
VT

e Gravadores de video digitais: evitam degradacao
cumulativa da relacdo sinal/ruido em sucessivas geracoes
(copias)

e Edicao nao-linear: meios de armazenamento digital com

acesso randomico a nivel de quadros individuais, facilitam o
processo de edicao
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Processamento Digital no Receptor Analogico e

e Cancelamento de ecos por multi-percurso (fantasmas):
equalizacao adaptativa de canal no receptor de TV

e Decodificacao de crominancia: receptores para padroes
multiplos utilizando DSP

e “Picture in Picture” (PIP): decimacgdo e transformacdes
espaciais utilizando “frame buffer”
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Armazenamento Digital o

EPUSP

e Servidores de Video: bancos de Hard Disks com
segmentos de programacao, vinhetas, aberturas, etc.

e Bancos de Dados relacionais: indexacao de conteudo (ex.:
MPEG-7)

e Compressao de Dados: arquivamento de massa (ex.
MPEG-2, MPEG-4)

MPEG: Motion Picture Experts Group EPUSP - Guido Stolfi 10/ 150



Transmissdo Digital 48

(Nao percam proximos capitulos..)
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Digitalizacio @

e Amostragem

e Quantizacao
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Digitalizacdo de Video A

e Amostragem Temporal (quadros — f,)
e Amostragem Espacial Vertical (varredura — f,)
e Amostragem Espacial Horizontal (pixel — f,)

e Quantizacdo (resolucao — bits)
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Quantizacao na Conversao A/D

Digital Output (BTC Code)*
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0000...
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Sinal Quantizado (4 bits = 16 niveis)

10
5
s(t) o
5
-10°t
10 ¢
5
0
So (1)
Q
5
Passo de
Quantizagéo: 10
Q=1

LCS

EPUSP - Guido Stolfi

EPUSP

L L L L L L L L L

r r r r r r r r r [
0 100 200 300 400 500 600 700 800 900 1000

L L L L L L L L L

Ll ll
| Tl /] iy —

[ ] 1| | 14 L4
I
IR gy /] [
Jigipn g ||
gy i 1]
PRI |
I U
I Il 7 7 \
1] I
| I I
[/ [/ I
] 1] 1]

c r r r r r r r r r [
0 100 200 300 400 500 600 700 800 900 1000

15/150



Erro de Quantizacao e

So (1) —s (1) .
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Modelo do Erro de Quantizacao oy

e Ruido Aleatoério Aditivo

e Distribuicao Uniforme de Amplitude

Amplitude Pico-a-pico = Q (passo de quantizagao)
e Poténcia Média:
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Relacao Sinal / Ruido A

e Sinal quantizado com n bits: 2" niveis
e Amplitude de pico do sinal: Sp =Q x 2™!
e Poténcia de picodosinal: Pp=Q? x 22"

e Poténcia do ruido de quantizagdo: Py = Q? /12
e Relacdo Sinal / Ruido:
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Relacdo Sinal / Ruido de Quantizacao oy

e Em decibéis:
%:10 log(22") +10 log( 3) = 20n log( 2) 10 log( 3)
=6,02xn+4,77 dB

Exemplo: 8 bits > S/R=52,9dB (méax.)
16 bits > S/R=101,1dB
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Relacao Sinal / Ruido em Video A

e Adota-se a relacao entre a amplitude pico-a-pico do sinal
(Qx2") e a amplitude RMS do ruido de quantizacao :

S _ Q=27 2./3 x 2"

R Q—\/ﬁ

% — 20l0g (2,/3 x2") = 20nlog(2) +10 log(12)

= 6,02xn + 10,8 dB
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Considerando a Banda Passante =0

e Alimitacao da resposta em frequéncia, apos a
guantizacao, reduz a poténcia do ruido, eliminando as
componentes fora da banda:

A

iza,ozx n+10,8 dB+10log Fa

V
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Considerando “Headroom” =0

i:6.02-n+10.8+10.log Fa —20log Vr (dB)
Q 2 Vi —V,

e
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LCS

Considerando a Resposta em Frequéncia da Percepgao Visual ooty =

A(f)=10log,

onde f,= 270kHz, f,=1.37MHz e f, = 390kHz

A

—

v
—

EPUSP - Guido Stolfi 23 /150



Relacdao S / R de Quantizacao Total oy

Fator p-p fS V;

S \ 14.3 /

=6.02-8+108 +10- Iog(—'j — 20 Iog( 122 j +6.81= 6343 dB
8.4 0.714

- /] N\

8 bits 2 1y Nominal A(f)
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Q=1/256 Q=1/16
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Visibilidade do Ruido de Quantizacao

s (t)
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Quantizagdo com “Dithering” 4%

Quantizador

Sinal

O S® /T : HJH SA()
N
r(t)

®

Ruido
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Quantizagao com ”Ditherin_

s()+r() .
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Visibilidade de Quantizacdo com “Dithering” £

-

F‘?

Q=1/256 Q=1/16 d=1/16
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Amostragem da Luminancia 48

0.9 i
0.8~ -
0.7 i
0.6 - -
0.5+~ i
Sinal de Luminancia 0.4- ]
guantizado 0.3 |
0.2 -

0.1 -
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Amostragem da Luminancia 4R

0.9 i
0.8~ i
0.7 i
0.6 - i
0.5+~ i
Percepcao correspondente 0.4 ]
ao sinal de luminancia 0.3- ]

quantizado (sem fator gama) 02 ]

0.1 -
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AmOStragem da LuminénCia (com fator Gama) Ef‘UCS*E

0.9
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0.6 -
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Amostragem da Luminancia onforcams)

0.9 i
0.8~ -
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Amostragem da LUminancia womorcams) i
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AmOStragem da Luminancia (com fator Gama) Efucsf
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Ruido Aditivo e Correcao

Original

2,2

=
]
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Critérios de Amostragem de Video oy

e Video é amostrado na forma perceptual (com correcao
Gama)

e Taxa de Amostragem obedece critério de Kell ( f, = ~3 f,,)
para imagens “naturais”

e Filtro “anti-aliasing” nao pode afetar os transientes
espaciais; a resposta nao pode ser oscilatoria (p. ex.:
gaussiano )
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Exemplo de Filtro Anti-Aliasing para CCIR-601 s

-12

-15

24 AN
a0 ~N
AN

—35 \

™~

nY

0 2 4 & & 10 12 14

T (MHz)
fo/2 = 6,75 MHz
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Estruturas de Amostragem Espacial
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Estruturas de Amostragem Espacial oy

e Recomendacoes ITU-R: Estruturas de amostragem,
colorimetria e outros parametros de producao de
video

— BT.601: 720 (H) x 480i (V)
— BT.709: 1920(H) x 1080i (V)
— BT.2020: UHDV

ITU-R: International Telecommunications Union — Radiocommunication
BT: Broadcasting Section - Television EPUSP - Guido Stolfi 41 /150



Estruturas de Amostragem Espacial oy

e (Qutros formatos:

— CIF (common intermediate Format): 352 X 288 p
— QCIF (1/4crF): 176 x 144 p

— VGA (Video Graphics Array): 640 x 480 p

— SMPTE 296M: 1280 x 720p
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Estruturas Com Resolucoes Diferenciadas

MATRIZ

3x3

TRANSMISSOR RECEPTOR
1 Y‘ 1
Y > Y o R
: MATRIZ
R'-Y' ~_ CR R'-Y' '
— Rl — TR —»G
~ 3x3
1 ' CB' 1 '
B-Y' | ~ B'-Y '
~ Rl —> TR —» B
FILTRO DECIMACAO INTERPOLAGAO

EPUSP - Guido Stolfi

LCS
EPUSP

43 /150



Estrutura de Amostragem 4:4:4 A

OOOOOO®®
OOOOOO®®
OOOOOO®®
OOOOOO®®
OOOOOO®®
OOOO®OO®®
OOOO®OO®®
OOOOOOO®®

O =Crominancia ® =Luminancia
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LCS
EPUSP

Estrutura de Amostragem 4:2:2

:
PEEOEEOO

OOOOOOO®

OOOOOOO®

OOOOOO®O®

O

( BT.601)
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Estrutura de Amostragem 4 : 2 : 0 (MPEG-2) A

O» Op (O» «(O»
«O» O (O» «O»
o O» Op (O» «O»

o O» Op (O» «O»

O =Crominancia ® =Luminancia
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Estrutura de Amostragem 4 : 2 : 0 (MPEG-1) A

eheRehe

O =Crominancia ® =Luminancia
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LCS
EPUSP

Estrutura de Amostragem 4 :2 :0 (pv)

©OOOOOOO®O®

©OOOOOOO®O®

©OOOOOOO®

©OOOOOOO®

Luminancia

O O =Crominancia
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Estrutura de Amostragem 4:1:1 A

@0 L 0@0 e o
@0 L 0@0 e o
@0 L 0@0 e o
@Q L 0@0 e o
@0 L 0@0 e o
@0 L 0@0 e o
@0 L 0@0 e o
@0 L 0@0 e o

O =Crominancia ® =Luminancia
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Interfaces de Video Digital
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Rec. ITU-R BT.601 (“D-1”) LCS

e OQOriginalmente CCIR-601

e =SMPTE 125M

e “Digital Components” ou “4:2:2”

e Amostragem separada deY’, C, e C,

e f,=13.5MHz(Y’) e 6.75 MHz (C;, Cp)

e 8 bits (extensdo para 10 bits)

e Interface fisica: ECL, balanceado, 8/10 bits + clock

e Atualmente: formato nativo em circuitos para processamento de
video

ECL: Emitter Coupled Logic EPUSP - Guido Stolfi 51 /150



Rec. BT.601 (“D-1") N

e Componentes Analogicas:
Y =0,299R"+0,587 G+ 0,114 B’
P,=-0,169R"-0,331G"+0,5 B’

P.=0,5R"-0,419 G’ -0,081 B’
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Rec. BT.601 (“D-1") o

EPUSP

e Componentes Digitalizadas:

C, :%Y '+16 (Y'em unidades IRE)

c, =28 (B y+128
100

160
Cr=——(R'-Y")+128
" =100 )

(8 bits)
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Estrutura de Amostragem BT.601 (4:2:2) X

C;|C/|Ca|Cy|ColCy|CR|C, Sequéncia de
Amostras

M Componentes:
Y’

w CB (B I_ YI)
w Ce (R-Y))

148 ns 74 ns

v
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Digitalizacao de uma Linha de Video

- LINHA HORIZONTAL 64 us
- BLANK LINHA ATIVA 53 us BLANK
BRANCO — — — - — — —
(1,2 V)
VIDEOD

! ANALOGICO
PRETO — — — —k
(0,3 V) — L SING. HORIZONTAL
SING — — — —
(
@V) o {LINHA ATIVA DIGITAL) VIDEG

L BLANK DADOS CU/CY/Cv/CY. .. BLANK DICITALIZADD

(NORMA CCIR-501)
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Intervalo de Retraco Horizontal BT.601 A

BLANK ANALOQGICO

{REFERENCIA)
DETALHE
ar Do
et INTERVALC
DE BLANK
o 32T ol 14487 -
_ {1/ — —
-
Z 2353/ &
4T 4T H
BLANK DIGITAL 276T 1446T
- T ATIVO - 1T =37.3ns
17167 (64 us)
a2 o=
LINHA DIGITAL
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Bloco Delimitador de Amostras Ativas EOE

Bit 9 8 7 6 5 4 3 2

Pream-1 0 0 0 0 0 0 0

bulo

0 0 0 0 0 0 0 0

Campo Blank SAV /

Dados | 1 P3 P2 P1 PO

0/1 Vertical EAV
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Compatibilidade do BT.601 para 50 / 60 Hz s

Retraco Linha visivel

Ar:jftras 720 amostras (C,)
63,555.. us

Amljiras 720 amostras (C,)

64,0 ps

f,=59,940059.. Hz
f,=15,73426.. kHz

£,=50,0 Hz
f.,=15,625 kHz

fa = 13,5 MHz
T, =7,407407.. ns
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Numerologia das Frequéncias do BT.601

— X35 — 3,579545..MHz = Sub-portadora NTSC

~16—> 15,65 kHz = Frequéncia Horizontal PAL

— 50 Hz = Frequéncia Vertical PAL

— 15,734..kHz = Frequéncia Horizontal NTSC

—» 59,94..Hz = Frequéncia Vertical NTSC

()— 27 MHz = Clock CCIR-601
1~ 2 » 13,5 MHz = Amostragem Lum. CCIR-601
6,75 MHz = Amostragem Crominancia
25 25 ~8
—~3 M 131+ 2
=21 =25
L —+45—+25—x2 — 48 kHz = Amostragem Audio

EPUSP - Guido Stolfi
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Padrao de Barras Digitalizado por BT.601 oy

O O < O
- L
228282338
o <L — L (] = Q g VALORES DIGITALIZADOS
AMPLITUDES IRE o 3 o > fét 5 o CONFORME CCIR-601
100 100 > (8 BITS)
Y' (Luminéncia) 219
¥Y'=0299 R' CY = 00 Y + 16
+0.587 &'
+0.114 B'
0 -
701-—————————
Cr= ﬂ (R"-Y" + 128
Vl =(RI_Y|) 0 100
-70.1
88.6
Ch= % (B'-¥")+128
U = (BI - Y) 0 — —e——
o < 7 e 16
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Padrao de Video Digital “D-2" A

e “Digital Composite”

e Amostragem do Sinal de Video Composto
o f.=14.32 MHz (4 x f.,)

e 8/ 10bits

e Interface fisica: ECL, balanceado, 8/ 10 bits + clock (similar
a D-1)
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Niveis de Quantizacao para D-2 oy

b Ex i1 O

255

Branco k&x<imo

200

60 Apagamento

Topo do Sincronismo
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Padrao HDTV (SMPTE 274 M / ITU-R BT.709) e

1125 ou 750 linhas totais (1080 / 720 ativas)

2200 / 1650 amostras por linha (1920 / 1280 ativas)
e Duracgao da Linha: 29.63 / 22,24 us

e |nterface analogica: Componentes Y’ P;'P;’

e f,=74.1758.. MHz (Y’) e 37.0879.. MHz (Py’,P;’)

e 8ou 10 bits

e |nterface fisica: Serial, coaxial, 1,483 Gb/s

SMPTE: Society of Motion Picture and Television Engineers
ITU-R: International Telecommunications Union — Radiocommunication EPUSP - Guido Stolfi 63 / 150



Temporizacoes HDTV X

4\

Y
!""I""""" -

Ta »
Formato: 1080i 720p
T, = Portico Anterior 88 110
T, = Largura do Pulso Negativo de Sincronismo 44 40
T3 = Largura do Pulso Positivo de Sincronismo 44 40
T, = Portico Posterior 192 260
Tg = Tempo de Subida / Descida 4 4
Tg = Largura do Apagamento Horizontal 280 370
T, = largura da Linha Ativa 1920 1280

Valores em multiplos de 1/f, = 1/74.1758 MHz = 13,48 ns
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Padrao HDTV (ITU-R BT.709)

= 200

r
i
Wertical —l — i
Syne o—aq |1 — H
prog I'Iesswe:m_ — .LII
b e .
- - .
=]
- 30— -
i
Wertical -l BLAMKING ¥
Sync 0— — ) .
Hnienaced) BROAD FULSE i n
J00— I_ u
> & _
-ll. Lai |
=1
= 350
IE— -
| ¥
Pg.Pr o— .I, E ]
l.- 1
[ u
Oy
=
- B — } n
! 11
YRGB «— til-
h. |
=00 —
o —p| [ x

L J

E.Il..li

L J
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Fator Gama para HDTV (ITU-R BT.709) A

(4,5%V 0<V <0,018

L_1,099><V0”45-—O,099 0,018<V <1

(V=R G, B)
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Colorimetria para HDTV (ITU-R BT.709) A

e Componentes Analogicas:
Y'=0,2126 R”+0,7152 G’ + 0,0722 B’
P,=-0,114572 R’-0,385428 G’ + 0,5 B’

P.=0,5R’—0,454153 G’ — 0,045847 B’
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Filtros Anti

(dB)

40 —
30 —
20 —

10 —

50dB

Luminancia

0 37,125/1,001
29,7/1,001  44,55/1,001

(dB)

54,2025/1,001

50dB

(MHz)

74,25/1,001

Crominancia

0 18,5625/1,001
14,85/1,001

22,275/1,001

27,4725/1,001

(MHz)

37,125/1,001
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Colorimetria para HDTV (ITU-R BT.709) Lo

EPUSP

e Componentes Digitalizadas:

C, =219Y '+16 (Y'variando de Oal)

112
® 0,9278

(B'-Y')+128

112
" 0,7874

(R'-Y')+128
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Conversao HDTV / SDTV Lo

e Conversao de BT.709 para BT.601:

Y'! 10,0993 01917 | |V
C, =0 09898 -0,1107 |x|C,
Cn 0 -0,0725 0,9834 | |C,

- 1601 - - 1709
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Conversao SDTV / HDTV

e Conversao de BT.601 para BT.7009:

O

O

<

709

1
O

0

—0,1156
1,0186
0,07505

—0,2079
0,1146

1,0253

0 =<

O

601

LCS
EPUSP
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Interfaces Seriais

RECEPTORES SAT

B

i
JL

CAMERAS

ITTTTT1 -—

[TTTT1 -

ITTTTTT
I I ABC#..[—"

GERADOR DE CARACTERES

ooooo

ooooo -—
ooooo

MIXER / EFEITOS

ROTEADOR
DE VIDEO

GRAVADORES

—

—

(1)

<

MONITOR
DE FORMA
DE ONDA

MONITORES
DE VIDEO

il

Exemplo de uma Central Técnica para produgdo de Video

TRANSMISSOR

EPUSP - Guido Stolfi
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Roteamento de Sinais de Video AL

RECEPTORES SAT GRAVADORES
L =
) N o v
. w00
— )
o
[T — —"\"]| bE onDA
- . lL
CAMERAS ! ° MONITORES
JL @ — A DE VIDEO
[TITTI] —
1:11111111111 _ABC# . \ J Y 3%
GERADOR DE CARACTERES | | Y
= T |

TRANSMISSOR
MIXER / EFEITOS

Exemplo de Roteamento para Edi¢éo e Playback
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Multiplexadores / Distribuidores &

Zo = 75 Ohms 1 Vpp

OlmmmSCEI
S

~J
%]
\

Geradores, cargas e cabos com impeddncia de 75 Ohms
Eventualmente, acoplamento AC
Banda > 150 MHz
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Compatibilidade com Sinal Digital oy

Requisitos para sobreviver a uma passagem por um
Multiplexador / Distribuidor analdgico:

— Amplitude até 1 Vpp

— Banda < 150 MHz

— Facilidade para recuperacao do clock
— Componente CC reduzida

— Impedancia de 75 Ohms
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Interface Serial CCIR-656 AL

e 8 bits, serial

e 243 Mb/s (Y:U:V 4:2:2)

e Codificacdo de Grupo 8/ 9 bits
e Componente CC reduzida

e (Cabo coaxial 75 Ohms, 1 Vpp

e Transi¢bes de nivel frequentes
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Dicionario de Cddigo de Grupo 8/9 CCIR

8 bits O bits+ | 9bits- 8 bits O bits+ | 9bits-
00 OFE 101 37 196 -
01 027 - 38 026 1D9
02 1D8 - 39 08C 173
03 033 - 3A 02C 1C3
04 1CC - 3B 098 167

(Trechos)

EPUSP - Guido Stolfi
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Interface ITU-R BT.656-4 (SDI - Serial Digital Interface) =0

e 10 bits

e 270 MB/s (Y:C5:Cr, 4:2:2)

e Codificacao com embaralhamento (scrambler)
e (Cabo Coaxial 75 Ohms, 800 mVpp

e Atenuacao tolerada: até 30 dB

e Audio digital nos intervalos de apagamento

EPUSP - Guido Stolfi 78 /150



Scrambler para Interface SDI

Entrada

LCS
EPUSP

>

"Scrambler" Cod. Diferencial
z" z" z" z'H— z! /L z'H— z7 z z" + z"
)
Dec. Diferencial "Descrambler"
1 /_D 71 71 P e 71 7 o I

T

i /L
N\

EPUSP - Guido Stolfi
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Sinais Patologicos para Teste de SDI

— <« 1 bit

LCS
EPUSP

—H<

19 bits

20 bits ,

20 bits
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Taxa de Erros x Comprimento de Cabo

Erros por segundo

100

1/ frame —>

10
1/ segundo
0.1 1 / minuto /

: <
0,01 o

o,c;01 i

O 0001 p/ 1/bhora

«— 1 /dia

0,00001 v ; . .
105 110 115 120

Comprimento do cabo (m)

125

EPUSP - Guido Stolfi
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Limitacao de Banda

Sinal
transmitido

Sinal recebido
com banda

limitada (passa-

baixas)

LCS
EPUSP
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Interface HD-SDI (SMPTE 292 M) A

e 10 bits

e 1.485Gb/s (Y:Cx:Cp 4:2:2)

e Codificagdao semelhante a SDI, separada para Y’ e C,
e (Cabo Coaxial 75 Ohms, 800 mVpp

e Atenuacao tolerada: 20 dB

e CRCe numerode linha apos EAV

e Alternativa: Fibra Optica (1310 nm)
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Interface HD-SDI (SMPTE 292 M)
Fluxo intercalado de dados (C/Y)

SAV

LN

Data

CRC

EAV

Data

EJED A

BlEp 1D

ElED A

Ejep go

{h) ZAX

(D) ZAX

{A) 0DO

(o) oo0

(A} 000

(2) 000

{A) 4d€

(D) 44¢

BlED A

Elep i

ElEP A

ElEp 9o

LHOMA

LHDD

OHOA

0422

(A} INT

(0} LN

(A) ONT

() ONT

(A) ZAX

(0) ZAX

(A} abo

{2) 000

(A} 000

() ooo

{A) 3¢

(2) 44€

84 /150
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DVI — Digital Visual Interface oy

e Aplicacao: Interface com Monitores Digitais

e Codificacao: T.M.D.S. — Transition Minimized Differential
Signaling

e 3sinais seriais balanceados (R, G e B) até 1,6 Gb/s
e 1 sinal de clock (até 165 MHz)

e Taxas maiores que 165 Mpixels/s podem usar 2 canais em
paralelo
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DVI — Digital Visual Interface

Transmitter

0 =)

D D

Current @

Source

\4

Receiver

vV

Transmissao por fonte de corrente balanceada

EPUSP - Guido Stolfi
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DVI — Digital Visual Interface

. Recovered
Input Streams T.M.D.S. Link Streams
, A {.M.D. S. transmitter A T.M.D.S. receiver
e ) = @ = ) e
HSY NG o0 s N = P i HSYN HS YN
e = 5 (o | HSYNG g L HISYNC =~
S i 3 o = (7 L VSYNC ] VSYNC
. = @ o O )
DE - W o O @ e DED »
- o O -
SRMIT Channel 0 =i} RMN[7:0 = GRN[7:0
GRN[T:0] _ g D) — - D707 GRN[TO] g S L CRN[T0] g
— i a = ] T 1)
CTLD 0 E N Channel 1 o E € TLO g CTLC
CTL . Q. oy S g i TL1 = CTLI -
= @ @ @O ) =
- 53 Channel 2 Z2 D DE1 > ©
@
Channel C : c T
N _ Di70) RED[7:0] g, % RED[7:0] g
—l_l_...": ?--- D70 T = o TL2 £ CTL2 -
L1122 i o 28 _ TL3 < CTL3 -
CTL3 - o2 S g ¢ )
T, o= » O D . DEZ +=
c o X o pEE———1 = )
211} i o = | DE = g
CLK CLE
o - -
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DVI — Digital Visual Interface

FALSE

TRI_IEj

D[7:0] = ~D[7:0];

TRUE
FALSE
¥

Q0] = Do), Q0] = Da);
QA1) = D] XNOR DO, Q1] = D[1] XxOR D[O];
CI[2] = D[2] xXMNOR D[1]; Q2] := D[2] xOR D[1];
CI[3] = D3] XMNOR D[Z]; Q[3] = D3] xOR D[2];
Q4] = D[4] X*NOR D[3]; Q4] = D[4] xOR D3]
Ci[E] = D[5] XMNOR D[4]; Q[5] = D[5] xOR D[4];
Ci[E] = D[] XMNOR D[5]; Qe] = D[e] xOR D[5];
CI[T] = D[7] XNOR D[&]; Q7] = D[7] xOR D[&];

LCS
EPUSP

Decodificacao
T.M.D.S.
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DVI — Digital Visual Interface oy

Pixel Clock R Pixel Clock
25~165 MHz | Canal Clock |
PLL PLL
Dados Pixel y y .
(24 bits) N — (24 bits
— Serializador — —— Decodificador p—
— —_—

3 canaisTMDS

Transmissor Receptor
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HDMI — High Definition Multimedia Interface oy

e Especificacao: HDMI
— Hitachi
— Matsushita
— Philips
— Silicon Image
— Sony
— Thomson
— Toshiba
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HDMI — High Definition Multimedia Interface oy

HDMI Source HDMI Sink

Video

TMDS Channel O
I |

TMDS Channel 1
HOMI ' '
< ControlfStatus

HIDI Audio

Recenear
ContralfStatus >
Display Data Channel (DDC) > ;Elﬁ

CEC Line

Tramsmittes DS Channel 2

N

TMDOS Clock Channe

AN

SEJ bt

AN
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Conectores DVI e HDMI

L]

SED

L27

GROLIND

BLADE
-~ _\

13.34

%

r___ .

=

_qr"l!'qb‘~r..F.'4~W.'lh'

T D S aaaaypa- -3

Hie . _ag aip ag A 0y 49 Ay

o,

~
]
D L75A0La0 ¢
CONTACTS

- IBOAI2.54) / -

CONTACTS
SEE DETAIL 'T*

2.54

75
IE' 18-85

. . ITE:.0R2

4470825

[ eeeE[F®

&H‘E‘;]IS:] E-E ATSA LA E

CONTACTS

x0.158
4.1
 m—

X

(D.45 3
|

-
{PITCH)

= Ele1 T4

EPUSP - Guido Stolfi

LCS

EPUSP

92 /150



Display Port o

EPUSP

e Especificacao: VESADP 1.2

— Transmissao por pacotes em até 4 pares balanceados

— Canal auxiliar bidirectional (1 Mbps Manchester / 720 Mbps 8b-
>10b) permite negociacao de resolucao, taxa de bits e equalizacao

— Codificacao 8b->10b com recuperacao de clock
— 1,62 a 5,4 Gbps por par, total 21,6 Gbps util
— Alimentacao de 3,3Vcc — 500 mA disponivel no conector

e DP2.0:

— Codificacdao 128b->132b até 77,3 Gbps total
— Displays até 16K (15360x8460), 60Hz, 30 bpp (4:4:4) HDR

EPUSP - Guido Stolfi 93 /150



Display Port — Cama

(¥

] —
8b

SERIALIZADOR PRE-ENFASE

+

vV

50 50

AMP

N

0,4 Vpp

<
<

ANY

>

Main Link Lane 0+ 1
Main Link Lane 0- 3
Ground 5

Main Link Lane 2+ 7
Main Link Lane 2- 9
Ground 11

Configuration 1 13

4

+B
50 50
—
RECEPTOR
2 Ground

4 Main Link Lane1+
6 Main Link Lane1 -
8 Ground

10 Main Link Lane3+
12 Main Link Lane3 -

Auxiliary Channel+ 15
Auxiliary Channel- 17

Retum 19

(et

14 Cor ion 2
16 Ground
18 Hot Plug Detect

20 Connector Power
(3.3V, 500ma)
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Interfaces para Video Comprimido

EPUSP - Guido Stolfi 95 /150



Interface IEEE1394 (Firewire) A

2 pares para Dados / Strobe balanceados
1 par para Alimentacao CC
100 a 800 Mb/s (IEEE1394-B)

Strobe fl k /‘
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Video Sobre IEEE1394 EOE

Pacote MPEG-2 188 bytes
Time Code—» 192 bytes
Blocos 24 24 24 24 24 24 24 24

Pacotes isocronos IEEE1394 II
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Interface DVB-SPI EOE

e “Synchronous Parallel Interface”

e Rec. ETSI- EN50083-9

e |nterface paralela para Pacotes “Transport Stream”
e 8 bits + Clock + Sincronismo

e |nterface fisica: LVDS (balanceado)

e Conector DB-25

ETSI: European Telecommunications Standards Institute
DVB: Dlgltal Video BrOadCGSting (Europa) EPUSP - Guido Stolfi 98/ 150



Interface DVB-SPI EOE

Pacotes de Transporte MPEG-2

1 187
Syncbyte Databytes

Figure 1: MPEG-2 Transport Stream (EN/ISO/IEC 13818-1)

[ ]

1 203
Synchyte RS coded Databytes

! I

Figure 2: RS-coded MPEG-2 Transport Stream (ETS 300 421)

MPEG: Motion Picture Experts Group EPUSP - Guido Stolfi 99 /150



nterface DVB-SPI @

Sinais na Interface DVB-SPI

Clock 1

P

Data (0-7) ~ 2 > -
X DVALID / 1 >
PSYNC » 1 >
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nterface DVB-SPI @

Sinais na Interface DVB-SPI — Modo 188 bytes

Clock
e XomeX 1 X2 X e e Yame) 1 X/ Data (0-7)
DVALID

PSYNC
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Interface DVB-SPI EOE

Interface LVDS (Low Voltage Differential Signalling)

Source Destination
N\ Ab A
Line Transmission I Z,= Line
criver line | 100 o |receiver
B 1 B ]
hN o P .

Tensao de Modo Comum: 1,1a 1,4V (Tx)
Impedancia caracteristica do cabo: 100 Ohms
Amplitude do Sinal: 247 a 475 mV (Tx)
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Interface ASI =0

)

e “Asynchronous Serial Interface’
e ETSI50083-9 (2002)

e Meio: Cabo Coaxial 75 Ohms

e Taxa de bits: 270 Mb/s

e Amplitude; 800 mVpp (Tx)
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Interface ASI

l Pacotes TS

Codificacao
8 / 10 bits

A\ 4

Insercao de

Sincronismo
(K.28.5)

Conversor
Paralelo / série

LCS
EPUSP

Amplificador
Acoplamento

—

Saida

75 Ohms
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Dicionario de Codigo 8 / 10

LCS
EPUSP

8 bits 10 bits+ | 10 bits- 8 bits 10 bits+ 10 bits-
00 18B 274 37 059 3A9
01 22B 1D4 38 0C9 339
02 12B 2D4 39 169 269
03 314 31B 47 385 075
04 OAB 354 K.28.5 305 OFA

(Trechos)
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Interface ASI =0

Bt X ) =/

8B8/10B coded stuffing data
| MPEG Transport packet | special character commas K28.5
1880 bit nx 10 bit

Pacotes completos

OE0E]

B/10B coded \stufﬁng data

MPEG Byte K28.5

8B/10B coded MPEG Transport packet (1880 bit)
and stuffing data (n x 10 bit) |

Bytes intercalados
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EPUSP

Video Sobre IP

Transferéncia de Arquivos: solicitacdo a um servidor por TCP/IP e transferéncia
ao usuario por FTP, para visualizacao posterior.

Video Sob Demanda (VOD — Video On Demand): solicitacao a um servidor,
exibicao imediata. Transferéncia ao usuario através de protocolo UDP (User
Datagram Protocol) ou RTP (Real Time Protocol).

Difusao (Broadcast): Varios usudrios conectam-se independentemente a um
servico de distribuicao de video, que transmite pacotes UDP ou RTP com
enderecamento “multicast”.

Header | Header | Header | Pacote Pacote Pacote Pacote Pacote
IP UDP RTP MPEG-2 | MPEG-2 | MPEG-2 | MPEG-2 MPEG-2
12 bytes | 8 bytes | 12 bytes |188 bytes|188 bytes|188 bytes|188 bytes| |188 bytes

Pacote RTP para IPTV

EPUSP - Guido Stolfi
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Processamento Digital de Video

EPUSP - Guido Stolfi 108 /150



Processamento de Video: TBC

LCS
EPUSP

\ 4

\ 4

D/A

A 4

Separador de
sincronismo

—{ A/D »  Shift Register
VCO
Ref. Freq. » PLL |
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Processamento de Video: Frame Buffer

Video In [ A/D Dados R [ o/A Video OuE
Separador de SETEAE Separador de Genlock
| Sincronismo Sincronismo
v RAM ]
Ponteiro de Endereco Ponteiro de
Escrita i ) Leitura

1 quadro SD =720 x 480 x 2 =~ 700 kBytes
1 quadro HD = 1920 x 1080 x 2 =~ 4 MBytes

EPUSP - Guido Stolfi
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Redutor de Ruido Digital

Video In T A/D Dados ,
| Separador
| Sincronismo
Ponteiro de | Endereco
Escrita g

Filtragem espacial / temporal (intra / inter frames)

Memoria

RAM

(O
() —(+)
4.@_/
(@

LCS
EPUSP

Video Out

D/A

[
>
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Efeitos de Transformacoes Geomeétricas

Video In I A/D Dados ,
| Separador
| Sincronismo
Ponteiro de | Endereco
Escrita g

Memoria

RAM

LCS
EPUSP

Interpolacao Saida
SE— . ” >
Decimacgao
Genlock
) Mapea- Ponteiro de
) mento ¢ Leitura

(Xzr Yr) —> (X, VE)
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Exemplo: Translacao oy

N
Xg = Xgp — Ty [xﬂ_[l 0 —TX} yR
Ye = Ve — Iy Ve 0O 1 -T, R
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Generalizacao para 3 Dimensoes A

.7 [1 0 0 =T, 7 [
y O 1 0 -—-T

= Y Yr = v, =T v,
ZE 0] 0] 1 _TZ ZR
1 ] oo o 1 ||1

(Projecaoemx, y = z,=0)
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Escalamento em x, y e

—
%X 0O 0 O
SZO%YOO
0 0O 1 0
0 0 0 1]
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Rotacoes nos Eixos X, v, z

1
0
“ 0

0
COSox
seno

—Sen o«
COSo

=
L O O O

cosé
sen &
0]
0]

—sené
cosé
0]

0]

o +r O O

© O +r»r O

—sen B

cos B

EPUSP - Guido Stolfi
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Operacoes Conjugadas A




Perspectiva

Plano de
Projecao

Ponto de
Observacao
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Interpolacdo e Decimagdo Espaciais &2

4 4 |_0 |_|0||
0
b et 4
+ 1 m_lo + ¥
|...0.||. 4 ||. gp
0
||..&. oL 1 L
o 0 o ©
4 .._l. 4 4 4+
° (0)
+ M+ + + f
+H+ + + +

120/ 150
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Transcricao de Formatos de Varredura e

+ + +
+ +
° 4+ ® + Estrutura de
° o ° + o _I_‘/Amostragem
+ +
» 4 ° de Entrada
+ + o +
e o +
Estrutura de o + + ® 4 +
Amostragem -+ ® o,
de Saida ® ® +
50t — +
Interpolacao ° et
Bilinear - -+ +
+ <) + ° y

t >
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“Chroma Key” X

Decodi-
ficador

—

1°. Plano

Referéncia

n
>

\

Plano de Fundo

Imagem Composta

EPUSP - Guido Stolfi 122 /150



“Chroma Key”

EPUSP - Guido Stolfi
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Processamento Digital em
Receptores de TV Analdgica

EPUSP - Guido Stolfi 124 /150



Decodificacdao de TV a Cores Multi-padrao e

Y
CVBS/Y —M Peaking —m Delay =
Ling
Delay
NTSC/PAL Y 5
SECAM Luma Remodulation
Contrast
Brightness | cp
Saturation |——®
Adjust
Notch
Filter Cr
——»
SECAM F
CVBS —m Color
Demodulation Color LPF Notch
U 12 ‘T—' Filter
Burst
Accumulator k- F
(U) )
H-Line
Adaptive
Comb
Burst Filter Noteh
Accum;ﬂator Filtor .IDEIay u
Motch v
| v C':"‘irz"p': J—; Filter "I Delay
CVBS/C — NTSC/PAL

Demodulation
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Decodificador de Video Composto NTSC / PAL

T

Composite - =Y
Notch Filter
N
Low Pass Filter
sin
- — > \ |—» V
Band Pass Filter Low Pass Filter
cos

Luma Motch Filter Frequency Responses
for NTSC and PAL/SECAM

LCS
EPUSP

Chroma Band Pass Filter Frequency Responses
for NTSC and PAL/SECAM

T~ e - .
~ - ’ ~
\\ . “
—ac /i // S-0 . 8
' ] £ i \
b y @ ‘ 4
‘\ ! =3 i ‘\
- v o, ]
A H = T .lJ \
v &, I iNTSC ' PALISECAM
: | o I i
. o I =] . i A}
—60 b = 30
NTSC ||' PALYSECAM @ ! '
! k=]
I = - ! | -
'~' % o NN AN
- : 'g k Il “ J‘: ! I} N
§ [} B 1
'll f’ 1 ;I 1
0 _EQ ' ' W \
—1uu gV
o 1 2 3 4 5 6 1 2 3 4 5 & 7 8
79A_007 Frequency in MHz Frequency in MHz
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Interpolacao (Duplicacao de Linhas)

LCS

EPUSP
frame frameo
M A
P a R f
ﬁe"dH ﬂEIdg ﬁe":!';l ﬁE'dE frame | | =1 frame | =2
input | | v 7 | | 77 7 . N :
1y 11, ﬁeldﬁ ﬁeldﬁ.m field? ﬂemE1
R 7 ' v | |
| | | | ™~
1Y o5y 1 D= i -
T | median| | median | T | median | | medianl \\
'lr L
output
e B ot 2 B EZ4
BRI A | l B A ‘
A JGEDDS
] B | | I e
B £ B2 A y
ﬁelu:l{j]" ﬁeld? . ﬁeld;‘ , ﬁeldg ﬁeld’g ﬁeldg . ﬁeld’j . ﬁeldg
. i Y ' s sy . y
5 i o - -
framet 1 frame-L 2 framey 1 fr“amez. 2

EPUSP - Guido Stolfi 127 /150



PIP (“Picture In Picture”) @

ANTENA
N/ T

O

TUNER PRINCIPAL v
y
DET. GINC. MAPEADOR I
A
TUNER AUXILIAR DECIMADOR — 1
>
ET. SINC.
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Multi-percurso e Equalizacao A

SINAL SINAL SINAL
TRANSMITIDO RECEBIDO PROCESSADO
> (+)— »(+) >
< \/
4 A v
_.gg_. o — 4_?‘_ s
k1l -k1
—4%)—» At2 > 4—(%)4— A2 |e
k2 -k2
_g()_. o 4_?4_ o
kn kn
Modelo da Distor¢ao Equalizador
por Multi-percurso Adaptativo no Receptor
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—
®
¢))
=
wn
@)
=
O
09,
—t+
8

ANTENA

CABO\t

R O—

S

°s

PROCESSADOR DE VIDEO

o
2
O————
g G
w
< % BO—+
3 " 0 smeO——
2 <«
<L =
Z ¥
< ¥
2 % I
& = Y O————
] =
= Z| B O———»
= a
w =
(o] (R O————»
(&)
CVBS O————
(COMPOSITE VIDEO, BLANK & SYNC)
/R CVvBsS
TUNER ANALOGICO
Y
TS @ e
03 CR
TUNER DIGITAL DECODER
Y/G
CB/B
HDMI —p— SETR
RX HDMI

e=] [ep] e}

DISPLAY LCD / PLASMA

CB

CR

_\ O CVBS
_/

D/A
SAIDA VIDEO ANALOGICO

<—Q REMOTO
CPU
CONTROLES
(BRILHO, COR, ETC.)
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Exemplo: Digitalizador de Video

ADV7403 STANDARD DEFINITION PROCESSOR
r ______________________________________________ 3
1
1 MACROVISION STANDARD h
i DETECTION AUTODETECTION VBIDATA RECOVERY :
ANTL 12 1 !
CLAMPF ALIAS AD | DATA e e
C PREPROCESSOR
AIN1 4 FLTER 12 CVBSIY
12 ¥
To Luma || ruma ]| SUMA L
AINT27™ ANTI 12 12 FILTER RESAMPLE
'm}f HCLAMP H St‘erE% AJD |- DECIRHS‘D.I—ION (5H MAX])
CVBS DOWNSAMPLING |12 } 20
S-VIDEO T C 12 FILTERS
HciampH aLias K AD |[4m
SCART— 12, Fsc SYNC RESAMPLE
o RGE .« CVBS FILTER RECOVERY]| EXTRACT [™| CONTROL éfgﬂk
AT 12 OVERLAY
cLampH atias K AD [em [] ] CONTROL
FILTER CVvBS CHROMA Cr AND
AV CODE
FB T CHROMA ciroma || curoma || SHROMA =
INSERTION
SCLK DEMOD FILTER RESAMPLE P A
SCLK2 —»|
SDA SERIAL INTERFACE cr
SDA? | CONTROL AND VBI DATA o
ALSB — Y
Cr
DCLK_IN —=| | SYNC PROCESSING AND Cb |
CLOCK GENERATION
DE_IN —=]
HS_IN ——]
VS_IN —=| | sspD STDI e __EOMPOMENT PROCESSOR
S0G —=] i !
SOY —=] | [ACTWE PEAK ] lmacrowision | | comsDaTA |
+ + 1 AGC DETECTION EXTRACTION :
1
XTAL XTAL1 YvYyy
8 12 ”
P40—P31 DIGITAL INPUT 12 DIGITAL GAIN OFFSET AV CODE
E%%ﬁ%gfih. PORT g O R aRALE P CHINE CONTROL CONTROL INSERTION
" DVI or HDMI
P1-PO

EPUSP - Guido Stolfi
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ERR

'

¢

l
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P29-P20
P19-P10
P9—PD

PIXEL
DATA

HS
Vs
FIELD/DE

LLC1

SFL/
SYNCOUT

J
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Configuracoes de Entrada do Digitalizador de Video

Ain 1

Ain 7
Ain 2
Ain 8

Ain 3
Ain 9
Ain 4
Ain 10

Ain 5
Ain 11

Ain 8
Ain 12

RGB_IP_SEL '—
INSEL[3:0]
ETXT=y

internal
mapping
functions

SDM_SEL[1:0]

Ain 1
AinT
Ain 2
Ain 8
Ain 3
Aing
Ain 4
Ain 10
Ain 5
Ain 11
Ain &
Ain 12

ADCO_sw[3:0]

Ain 3
Ain 9
Ain 4
Ain 10
Ain §
Ain 11
Ain &
Ain 12

ADC1_swi3:0]

= ADC1

Ain 2
Ain &
Ains
Ain 11
Ain 6
Ain 12
Aind

f ADC2_sw[3:0]

]

N

Ain4

Ain7

Graphics RGB

Component
YPbPr

CVBS

SCART
RGE (SD)
CVBS
S-Video

CVES/S-Video
Autodetect

HS

Vs

ADVT7403

Pr

Pb

a//_

™

e |

J

YICVBS

—

HS In
VS In
S0G
Ain1 G
Ain2 B

AIN3 R

soY
AN Y (YPbPr)
Aind Pr (YPbPT)

Ain& Pb (YPbPr)

AIn10

Ain11Y/CVBS

Aini2Cc

AIng R
Ain9 G
Ain7 B

FB

PRIM_MODE[3:0]
=0010

PRIM_MODE[3:0]
=0001

PRIM_MODE[3:0]
= 0000

EPUSP - Guido Stolfi

LCS
EPUSP

132 /150



PLL para Frequénci

Controlled by
YWCO_RANGE[1:0]
I— R, R ——S —— — e —
Frequency Low | Voltage Pre \ I
—3ync In—» Phase > Pass > Controlled > Divider
Detector Filter | Oscillator |
e e e e e — — — — — —
Feed
Back = TLLC out —=
Divider
I

Controlled by
pll_div_ratio[11:0]

TLLC: True Line Locked Clock
PLL: Phase Locked Loop EPUSP - Guido Stolfi 133/ 150



Controle Automatico de Ganho

maximum
voltage

| Analogue Voltage
range supported by ADC (1.6V range for ADV7403)

¥

l

minimum
voltage

Level

Opc¢oes:

 Amplitude do Sincronismo
* Picode Branco

*  Manual

ADC

Clamp /

Data
Pre

Processor
({DPF)

SDP

{Gain Section only)

P(\/)_(/\'ﬁ:

'

L

Gain
Control

EPUSP - Guido Stolfi
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Processador para SDTV N

Standard Definition Processor
MacroVision VBl data standard SLLC
Detection recovery autodetection control
Luma
digitised CVBS Digital Luma Gain Luma Luma
o . - - — — —
digitised ¥ (Y C) B Fine Filter Control Resample > 2D comb
Clamp
Line AN :
Estmﬁ I Length |9 Rgsaltﬂplle b code wdteotdata
xtractor Predictor ontro insertion outpu
Chroma
digitised CVBS Digital I Chroma I Chroma N Gain 3 Chroma N Chroma | |
digitised C (YC)|+ Fine Demod Filter Control Resample 2D comb
Clamp
* measurement
Fsc block (== 12C)
recovery video data
processing block

VBI: Vertical Blank Interval

SLLC: Sampling Line Locked Clock

AV: Start / End of Active Video (SAV / EAV)

Fsc: Subcarrier Frequency EPUSP - Guido Stolfi 135/ 150



Reamostragem de Video Analogico

Sinal de Video
com
instabilidade

Duracao da
linha

Pixels
amostrados
(4x fs)

Pixels
reamostrados e
decimados

LCS

EPUSP

= e ey

~-— 63,2 us
-«+— 3413
-+ 858

-

o= ——agl

63,5us —»=-—— 63,8 us —»

3429

———

858 — m-

— -

3445

858 —m=
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Legendas (“Closed Caption”) e

et 105 +/-0.2 55 — 12 91ps —in]

7 CYCLES
OF 0.5035 MHz
(CLOCKRUN-IN)

MNNQ o[1]2[31a[5[6|7 [o[1|2B B [5[6 7\

=
T P P
A
50 IRE i ] B
R | I
T T T
Y Y
.{-q—vdp_ccap_data_o-ﬁ- volp_ccap_data_1 =
40 IRE

REFERENCE COLOR BURST
{9 CYCLES)
FREQUENCY = Fgp = 3.579545MHz

AMPLITUDE = 40 IRE
—10-003115 e

= 27 382ps forfot 33 764us

EPUSP - Guido Stolfi 137 /150



Conversor de Espaco de Cromaticidade

Data Preprocessor (DPP)

Y vy

\

Decimation

Filters

Yy ¥

Color Space

Conversion Matrix

Yy ¥ vy

Decimation

Filters

yyYyvyy

LCS

EPUSP

A
) 4

12:0]

——In_A[11:0] = X

-+

AZ[
\ 4

12:0]

——In_ B [11:0] = X

A3
\ 4

12:0]

—In_C [11:0] = X

EPUSP - Guido Stolfi
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Processador de Componentes

LCS
EPUSP

Component
Processor Sync Extractor HS/VS/F
output
HS/CS, VS syncpi?;rrife and Standard
or embedded . y Identification
Sync input Detection (STDI)
Y P (SSPD)
MV & CGMS noise &
detection calibration
A 4
c“Aie%ff'Bta& d:ﬁ]'f:' gain offset AV code video data
CHé - ¢ | control adder insertion CHA, CHE &
Inpu clamp CHC output

CGMS: Copy Generation Management System
MV: MacroVision
AV: Start / End of Active Video (SAV / EAV)

active peak &
HSync depth

measurement
U block (=> 12C)

video data
processing
block
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1 525p,SCV =6
625p, SCV =5

u]

2000

Standard Identification Scatter Plot

4000  B0O00 8000 10000 12000 14000
27Mhz Samples in 8 line block

16000

525i,SCV =6
625i, SCV =5

1200

1000

500

B00

400

200

Number of negative hsyncs in aframe

o

Standard Identification Scatter Plot (Graphics Modes)

VGA 72
VGA 75

1000 2000 3000 4000 5000 6000 7000 8000

27Mhz Samples in 8 line block

EPUSP - Guido Stolfi
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Formatos de Saida Digital A

Processor, Format, Pixel Port Pins P[19:0]

and Mode 19 [18 [17 |16 |15 [14 [13 [12 [11]10 ]9 [8 [7 |6 |5 |4 [3 [2 [1 Jo

SDP Video out, 8-bit, YcrCh[7:0]lout - - - - - - - - - - - -
4:2:2

SDP Video out, 10-bit, YcrCb[9:0] out - - - - - - - - - |-
4:2:2

SDP Video out, Y[7:0lout - - CrCb[7:0]our - |-
16-bit, 4:2:2

SDP Video out, Y[9:0]out CrCb[9:0]our
20-bit, 4:2:2

SDP Video out, Y[7:0]out - - Cb[7:0lout - -
24-bit, 4:4:4

SDP Video out, Y[9:0]out Cb[9:0]out
30-bit, 4:4:4

Formatos SDR e DDR

P[15:8])/FP[15:8] ] 3FF X 0o x 00 X XY chox Y0 XCrO X Y1 FP[;155:?51.; ] 3FF X 00 X 00 X XY Xclbux Y0 X Cro X Y1
|
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Exemplo: Conversor D/A SDTV / HDTV

GND_IO

Voo_io

8-10-16-BIT SD
OR
8-1M10-16-BIT ED/HD

LCS

EPUSP
DGMND (2) Voo (2) SCL SDA ALSB SFL AGND Vaa
et P P F i F i P
VB! DATA SERVICE e I Y ADV7392/ADV7393
INSERTION SUBCARRIER FREQUENCY _
LOCK (SFL) }
1ZBIT >0 pac 1
PROGRAMMABLE YCrch L- 16=
- S b Luminance TO * [—={FILTER[*™ | 12-BIT ) DAC 2
SDR/DDR - FILTER RGB DAC 2
SD/ED/HD INPUT *rr:Trcr]:n
4:2:2 TO 4:4:4 -
DEINTERLEAV MATRIX ST 12BI1T ) DAC 3
ADD PROGRAMMAELE SIN/COS DDS 16= > DAC 3
BURST [™| CHROMINANCE ™™ glock [ FILTER P4
FILTER &
ASYNC =
BYPASS =
YCrch
PROGRAMMABLE l.. veber L
— ED/HD FILTERS RGB MATRIX Flf'FER
TEST SHARPMNESS AND
PATTERN ADAPTIVE FILTER -
GENERATOR CONTROL ||
POWER REFERENCE
MANAGEMENT VIDEO TIMING GENERATOR —a—]16x/4% OVERSAMPLING PLL AND CABLE |[-=—() Rser
CONTROL DETECT
iy X Iy D N N | ! :
RESET HSYNC VSYNC CLKIN PWpp PGND EXT LF COMP &

EPUSP - Guido Stolfi
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LCS

Filtros Digitais para Conversor D/A R

MAGNITUDE (dB)

: p—==N DTN
—
~N

]

MAGNITUDE (dB)

\.

0 1 2 3 4 0 2 4 6 8 10 12
FREQUENCY (MHz) FREQUENCY (MHz)

Luminancia e “Notch” de Crominancia para SDTV (fs = 216 MHz)

EPUSP - Guido Stolfi 143 /150



Filtros Digitais para Conversor D/A A

10 ¥ RESPONSE IN HD 4% OVERSAMPLING MODE 3.0 Y PASS BAND IN HD 4x OVERSAMPLING MODE
0 ~ 1.5
h
=10 \ 0 ——-.._,.\
-20 \ 1.5 g
-30 \
) & —9-0
T -40 = \
= = =4.5
g -5 g \\
— n (\ it % -6.0
. N I\
—-7.5
=70 A
AT 1\ \
-20 fA -9.0 \
—90 ! ! \Hn \ -10.5 \
—-12.0

185 37.0 555 740 925 111.0 129.5 148.0 27.750 30.063 32.375 34.688 37.000 39.312 41.625 43.937 46.250

FREQUENCY (MHz) FREQUENCY (MH2)

Filtro de Luminancia para HDTV (fs =296 MHz)
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LCS
EPUSP

Necessidade de Compressao de Dados
para Transmissao Digital de Video
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Necessidade de Compressao de Dados oy

eTaxa de Bits para Codificacao Rec. 601:
e1 linha = 720 amostras de Luminancia

+ 2 x 360 amostras de crominancia
= 1440 amostras

©1440 x 482 linhas x 29,97 quadros/s
= 20.801.600 amostras/s

ex 8 bits x = 166,4 Mbit/s
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Necessidade de Compressao de Dados oy

e Taxa de Bits para Codificacao D-2:

e 1linhaativa=51 us
e Taxa de Amostragem = 14,31818 MHz
e 14,31818 MHz x 51 us = 730 amostras / linha
e x 482 linhas x 30 frames
= 10.555.800 amostras/s
e x 8 bits = 84,45 Mbit/s
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Necessidade de Compressao de Dados oy

e Taxa de Bits para HDTV (SMPTE-274M)

e 1 linha =1920 amostras de Luminancia
+ 2 x 960 amostras de crominancia
= 3840 amostras

e 3840 amostras x 1080 linhas x 29,97 quadros/s
=124.292.000 amostras/s
e x 10 bits = 1242,92 Mbit/s
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Capacidade de Alguns Canais de Comunicacao 4%

e TV por Cabo Coaxial (Modulacdao 64-QAM)
— (Relagdo Sinal/Ruido Maior que 30 dB)
— Taxa Bruta: 43 MBits/s
— Taxa Liquida: 38 MBits/s

e Radiodifusdao/ UHF (Modulacdo 8-VSB)
— (Relacdo Sinal/Ruido Maior que 15 dB)
— Taxa Bruta: 32 MBits/s
— Taxa Liquida: 20 MBits/s

e Satélite DTH (Direct to Home - Modulagao QPSK)
— Taxa Bruta: 50 MBits/s por transponder
— Taxa Liquida: 40 MBits/s
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Critérios para Compressao de Imagens e

e S30 necessarias taxas de compressao da ordem de 50:1
para HDTV

e Compressao Com Perdas € inevitavel

e QObjetivo: reduzir a Visibilidade das degradacdes
consequentes

e Deve-se levar em conta as caracteristicas da Percepc¢ao
Visual humana.
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