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Tépicos Abordados AT

e Vantagens da Comunicacao Digital

e Sistema ATSC

e Multi-percurso e Equalizacao

e Modulacao OFDM

e Sistema DVB-T

e Sistema ISDB-T

e Limiar de Operacao para Recepcao

e Sinal ISDB-T e Constelacdes

e Comparacoes entre ATSC, DVB e ISDB-T
e Qutros Sistemas de Transmissao

e Processos na Sintonia de um Canal Digital
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LimitacOes da Transmissao Analogica Lo

DegradacoOes causadas pelo Canal de
Comunicacao:

e Distorcao (N3ao-linearidade)

e Ruido (Aditivo; aleatodrio e
impulsivo)

e Perdas (Atenuacao, Limitacao de
Banda Passante, "Fading") ’ \’\

e Interferéncias (Aditivas, de f
origem humana)

i
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Sistema de Comunicago Digital A&

Codificador | Codificador Modulador
de Fonte de Canal
Canal
A4
Decodif. de | Decodif. de Demodu-

A
N

Fonte Canal lador
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Codificadores =0

e Codificador de Fonte:

— Aproveita as caracteristicas da Fonte para efetuar uma
representacao eficiente da informacao

— Ex.: MPEG, JPEG, ADPCM, Huffman

e Codificador de Canal:

— Introduz redundancia para possibilitar a sobrevivéncia da
informacao apds as degradacoes do canal

— Ex.: Paridade, codigos de Hamming, Reed-Solomon,
intercalamento
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Modulador 0

EPUSP

e Converte a informacao digital em sinais continuos
(formas de onda)

— Considera as caracteristicas do canal (resposta em frequéncia,
poténcia admissivel, atenuacao etc.)

— Nao existe “transmissao digital”, mas sim “transmissao analogica
de informacao digital”
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Taxa de Erros x Relacdo Sinal/Ruido Ay

e Modulacao Digital: Degradacdes causam erros de transmissao

e Ex.: QPSK
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Canal com banda Limitada =0

* Ex.: QPSK
Filtered S{f)
to bandwidth =1.2/T7,,
i e
f.—06/T, f. f.+06/7, f
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Taxa de Erros para Sistemas M-PSK LCS

EPUSP
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Beneficios da Correcdode Erros 8
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Transmissdo Digital: Beneficios s

EPUSP
e Compatibilidade de Meios de Transmissao

Cabo
Satélite

@ Radiodifusao—| |

Rede Digital
CD-ROM Usuario

Programa
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Transmissao Digital: Beneficios

e Compatibilidade de Servicos

Imagens

Audio

(%
=

Legendas CIITT1TT]

Listade
Programas

Dados

L0

Canal de
Transmissao

LCS

EPUSP

A

Criptografia
e Acesso
Condicional

A J

Usuario
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Transmissdo Digital: Beneficios s

EPUSP

e Melhor aproveitamento do espectro

Canais Analogicos
| | |
| | |

Canais Analdgicos
+ Digitais
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Espectro de Radiodifusdo (Analdgica + Digital) AL

REAL PR
iﬂﬁwﬁﬁﬁm@@ﬁz&@m&ﬁ?

UHF — Canais 14 a 28 - S3o Paulo, 2008
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e Melhor aproveitamento geografico

Area de Cobertura

Area de Interferéncia
Potencial

Transmissao Analdgica Transmissdo Digital
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Sistema ATSC — Advanced Television System
Committee
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Sistema ATSC — Advanced Television System Commitee €3

e Aprovado em 1995 para Radiodifusao de HDTV nos EUA
e Compressao de Video: MPEG-2

e Compressdo de Audio: Dolby AC-3

e Transporte: Pacotes MPEG-2

e Modulacao: 8-VSB com piloto

e Ocupacao de Banda: Canal de 6 MHz
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' ificac3 LCS
Sistema ATSC — Codificagdao de Fonte e Transporte -
Codificador i Formatador
1280 x 720 MPEG-2 . i de Pacotes Multiplex
1920 x 1080 |
1440 x 1080  Video i
60/30/24 —%— ————— > i >
fps |
e :
Codificador de i Formatadores
Audio . de Pacotes
Audio 1 Dolby AC-3 ; 19.6 Mb/s
Audio 2 384 kbps | ‘
— e - !
! Pacotes de
Dados i 188 bytes
- . - ]
CODIFICACAO TRANSPORTE
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Sistema ATSC — Codificacao de Canal e Modulacao

TRANSMISSAO
Codificadores para Correcao de Erros
32.3 i ¢ Randomizador
Mb/s
- - - ——— < /;?L
19.6
_ Mb/s
Mapeador Convolucional  Entrelacamento Reed-Solomon
(8 niveis) Entrelagado (4 ms) (207,187),t=10
12 x (2/3) _
) Sequencia
10.76 de 65535
Msymb/s } — — Filtrode Nyquist _ _ Bvtes
~ | .
Insercéo de Filtro
Sincronismo Piloto Equalizador Modulador Vestigial SAl D(é |85VSB
= A
X < -
AY X, | Bandade6MHz
4sy. 1.25 44Mbg P/ Transmissor
Portadora 46.69

MHz
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Randomizador

D7 D6 D5 D4 D3 D2 D1 DO

G(X)=x 4+ xB¥ x4 xM x4 x® 4 x34x41
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Codificador Reed-Solomon t= 10, =0

1 19

@ - @ - @ - @ h @ ”
A

20
X X X | X X @
Hl 20 bytes de protegéo
o 207 bytes
187 bytes de dados
vt - s codificados

A

i=19 .
[T(X+a')= X% +152X10 1185 X8 1 240X7 + 5X1 +111X™° + 99X + 6X™3 +
=0

+220X12 1 112X 1 150X 10 L 69X ° 436 X8 +187X " +22X0 1+ 228X° +
+198X4 +121X3 +121X2 +165X1 1174
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Entrelacamento (“Interleaving”) Ay

| BLOCOA | BLOCOEB | BLOCOC | BLOCOD | BLOCOE |
19559359259 |

I | I
Sequéncia
arginal LT T O T T

Sequéncia
Emharalhadal

& BE T e e b gy m
SEBEEREE BEBNDEY«QH --

Ruido impulsivo causa varios erros agrupados ("Burst™)

Dados
Recebidos [ [ [ [[[[[[][[[]]] IR ERRRNRRR NN

[com erros)

Desembaralhamento distribui os erros ao longo de varios blocos

Sequéncia
Desemba-
ralhada

(T8 T TETIL
(RRREITNEER | | | |
| BLOCO A | BLOCOB | BLOCO ¢ | BLOCOD | BLOCOE |

Erros de 1 bit por bloco podem ser corrigidos pelo cddigo corretar
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Entrelacador Convolucional ATSC LCS

EPUSP

1
M=4 Bytes
| . 2 X
2M
| O 3 a
roa 3M '
51M
52
Oy § [ 1 1 1 QR | r=sswwuus —
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Codificador Convolucional e Mapeador 8-VSB Ay

PRE-CODIFICADOR
X2 1 Y2 2 MAPEADOR

I . 4 >
j z2 z1 z0 R
D

CODIFICADOR

X1 V1 CONVOLUCIONAL 71

- \ 4 L

PRPRRPRRPROOOO
PRPOORFRROO
RPOROPRFRPRORO
I
=

Z0
D = ATRASO DE D D -

12 SIMBOLOS (
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Pré-codificador
e Codificador
Convolucional
No. 1

Codificador Convolucional Entrelacado

O

Pré-codificador
e Codificador
Convolucional
No. 2

o
DADOS

(GRUPOS
DE 2 BITS) [

O

o

No. 3

C

- o

5° SAIDA P/
MAPEADOR

(GRUPOS

H o DE 3 BITS)

Pré-codificador
e Codificador
Convolucional
No. 12

LCS

EPUSP
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Segmento Multinivel com Piloto e Sincronismo =0

+8.25 —
+6.25
+4.25
+2.25
+0.25
-1.75
-3.75
-5.75

NIVEIS APOS
INSERGAO
DO PILOTO

828 SIMBOLOS (207 BYTES)

4 SIMBOLOS

B B A

|

|

fe—

| 4 SIMBOLOS | SEGMENTO DE DADOS

e -

| 832 SIMBOLOS (208 BYTES) = 77.3 us

1 SIMBOLO = 2 BITS DE DADOS + 1 BIT DE CORRECAO CONVOLUCIONAL
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Estrutura de Quadros de Dados ATSC

4

sinc. quadro 1>

sinc. quadro 2=

828 simbolos

LCS

EPUSP

DADOS +

CORR. ERROS

24.2 ms
313 segmentos

DADOS +

CORR. ERROS

24.2 ms
313 segmentos

sinc. se gmento/T

1 segmento = 77,3us

Y
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Sincronismo de Quadro ATSC

X

9

LCS

EPUSP

+ X

v

X

832 simbolos (1
segmento) pré-codi
+/- mods |
PA511 PA63 PA63 PA63 VSB reserv:
sinc. _
4 12
simbolos 511 simbolos 63 63 63 24 104
+X6+X4+X3+X+1 o[1]ofo]o]o]o[o]o ~ Saida
f\?:
6
+X+1 1|lolofl1|1]12 > Saida
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PILOTO \‘
No \
Transmissor: est, 5.38 MHz | @3
- 6 MHz -
A
PILOTO I/ \
No /
Receptor: @.31 5.38 MHz 0.31
- B MHz .
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LCS

Envoltoria e Espectro do 8-VSB sy~

IMD = .43 0B

PE/AVE =9 DB

P

| 1

.
p—

————
]

&

i
Tt

L3 e

-|=—6 0B PEAK

-— AMS

HES. BW 10.0 kH[3dB] VIDBW 300 Hz

DATE 10, JUL'92 TIME 1511322 TG, [v) QFF
REF . [V] CFSTP 2000MHz RFATT  04dB
-28.20 4Bm UNIT (dBm)
-30.0 :
400
-50.0 ’
e " ny -
-60.0 Al m.!
~700
600
-80.0
-100.0 ;
-1100 rd s ;
kLN MMWW“]\‘N’!“
-120.0 ) ! : !
/IR .
START SPAN CENTER SWEEF STOP
197 WMHz 20 Mz 207 MHz 800 ms 217 MHz
D= -59.12d8m
RFTB VHF SAMPLE OUT
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Espectro 8-VSB apds Limitacdo de Picos em +6dB Lo

-13.%
dBm

707.00 MHz
-13.0 dBm
2.0 Mhz!

|
1 m 300 KHz RBW

ATTN 184dB
YF 3 KHz

16 dey
M 70700 MHz
M -22.9 dBm

B
N
bt
Tt

dgi;lt) | 1 TIME: 50 mg/DIV
)~I T X - MARKER 1

M FEAK MODE

TRACHKING GENERATOR;
=100 ciBm

1

% T
=

[ TIME: 08: 10: 48
r MM DATE: 08-AUG-95

I NOTE: READOUTS
T ; CORAESFOND TO
~83.0 T ! WAVEFORM ‘D'

9BM g7 00 MHz 707.00 MHz 717.00 MHz

PTC2547 - Guido Stolfi 32 /150



1.0 —~

o N
o \
|_
i
= 0.01
O]
LLl
wn
a  _s \
§ 10
& - 1 M___ I _ 1 LMARDE
w o —4 VISIBILIDADE
0 10
% 5

10

16 ° \

11 12 13 14 15 16 17 4B

RELACAO SINAL / RUIDO
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Diagrama de Blocos de um Receptor ATSC

LCS

EPUSP

\

. . Filtro F.l. e Filtro contra :
Sintonizad gL, > a . »| Equalizadofp_,| Corretorde
| Demoduladar | Interferéncia g . -
. L. Adaptativo Fase
Sincrono Analdgica
> Sincronismo »| Sincronismo
de Segmentg de Quadro
- Des- - Decodificador|¢ Des- < Decodificador]e
randomizaddr Reed-Solomohp entrelacador Convolucional
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Sintonizador com Conversao Para Cima =0

la. F.lL FILTRO AMP F.I.
FILTRO AMP

50800 MHz 10 dB 1220 MHz AMPF.I. 1220 MHz 44 MHz
MIXER G.AG. MIXER

O A >~

\

0SC. LOCAL 0SC. LOCAL
1270~2020 MHz 1184+/-0,3 MHz CAF.

PLL - CAG
SINTONIA

SINTONIA
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Filtros SAW p/ Dupla Convers3do (1220 MHz e 44 MHz) L&

P1:Transmission /M Log Mag 18.0 dB/ Ref -9.46 dB
0 I B2: Transmission /M Log Mag 1.8 dB/ Ref -25.49 dB
N Melas1:Mkr2 |42, 750 MHz
-10 f l 457.664dR
rJ' | if:
-20 | lll‘ 2:
30 55
ik 7T
B | |
[
oo BB v |
| \
I N
-60 | \ T HL
IIJ mr“ | Wf (V R+ 1
- W i i
,, eI ST
80 'MM , AL ‘ | Y
-90 | J
1070 1145 1220 1295 1370 2
Center 44.0808 MHz Span 20.008 MHz
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Filtro de F.l. e Controle Automatico de Frequéncia =0
FILTRO SAW
SINTONIZADOR 44 MHz CAG AMP. Fl. DEMODULADOR SINCRONO
o AG. . |
A BB
FILTRO
AFC
% A (:.A.G.I o0 O 8{8
@ X LIMITADOR
SINTONIA OSCILADOR
CAF FILTRO APC 467 MHz N4 Q
L e« X <
U ERRO DE FASE
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Filtro contra Interferéncia de Sinal de TV Analdgica =0

MUX

SIMBOLOS >—\\ DADOS
RECEBIDOS L

- ’;Q_>
- — D-
PADRAO DE D=12
REFERENCIA +
(SINCRONISMO
DE QUADRO) + _
+ -
()2
—® D=12 4
DETETOR DE
()2 ’ :> MINIMO

+|:l> - I_
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Filtro contra Interferéncia de Sinal de TV Analogica

)

Video

—

4.5 MHz

Croma

+———— 358 ——*

Espectro do Sinal
Interferente

Resposta em Frequenci
do Filtro de Rejeicao

1D

Piloto Espectro do Sinal
Digital 8-VSB
6 MHz
- \ 2
618.88 kHz
_ N Detalhes das
Pilotop /‘ Bandas de
Transicao
45.8 kHz
309.44 309.44 — ] e
45.8 kHz kHz kHz |
— g ! !
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Diagrama de Olho com Filtro contra Interferéncias Lo

Apo6s Filtro de Interferéncia

(15 niveis)

Sinal 8-VSB

sem Filtro de Interferéncia

SA7
% ‘v R 3%
f

AR

%

PTC2547 - Guido Stolfi 40 /150



. . LCS
Equalizador Adaptativo de Canal ey
) FILTRO DIRETO )
SIMBOLOS SIMBOLOS EQUALIZADOS
+ > —*— > >
SLICER COEFICIENTES
10.76 Ms/s I FILTRO REVERSO _ |CREEIQENTE
—1 | |
| |
| |
+ I I
SUPRESSOR 1 | MEMORIA :
SEQ. DE COEFS.
DEC.C. - 5 TREI NA(I\?/IENTO | &\ :
- ! iNDICE!
| ADAPTADOHES i 4 DE COEE.
| |
| l
ESTIMATIVA : ACUMULAD : E%I'AE
DO ERRO AN ! D
\__*7( I

ADAPTADOR ESTIMATIVA
DE ERRO
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Distorcdo por Multi-Percurso AT
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Multi-percurso e Equalizacao

SINAL
TRANSMITIDO

LCS

EPUSP

SINAL RECEBIDO SINAL
PROCESSADO
(), () >
> > -‘|: > r\+J >
A 4 A A 4
—»?—» At1 > 4—?% At |e
k1 -k1
—»@—» AR2 — 4—?4; A2 e
k2 -k2
4’?# Atn > 4—-?47 Atn ¢
kn -kn
Modelo da Distorgao Equalizador
por Multi-percurso Adaptativo no Receptor
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Cancelamento de Eco pelo Equalizador Ay

L e

SINAL SINAL SINAL
TRANSMITIDO RECEBIDO PROCESSADO
COM ECOS
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Multiplicacdo do Ruido Impulsivo pelo Equalizador Ay
RUIDO IMPULSIVO RUIDO
RECEBIDO PROCESSADO
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Sistema DVB-T — Digital Video Broadcasting -
Terrestrial
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Sistema DVB-T (Digital Video Broadcasting — Terrestrial) Eﬁﬁf

e Aprovado para radiodifusao terrestre de TV Digital na Europa em
1997

e Compressdo de Video e Audio: MPEG-2
e Transporte: Pacotes MPEG-2

e Modulacdao: COFDM (Coded Orthogonal Frequency Division Multiplex)

e Ocupacao de Banda: Canal de 8 MHz
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Modulacao COFDM (Coded Orthogonal Frequency Division Multiplex) s

EPUSP
Intercalamento, Modulac
Pilotos odulagao Sintese
Codificagao, 4 C 1
Randomizac3o, _’7L— 16-QAM [
Correcdo de Erros C
- |2 i
7
Cs
— e ,
Saida
i _—— _4’_
' 892
Simbolos /s
b . Cesi7 ! |
19508 bits
x 892 simbolos
=17.4Mb /s
24192 bits 27268 bits 6817 Coeficientes
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Espectro do Sinal OFDM LCS

EPUSP

K Portadoras

Banda de cada Portadora

Independentes
f
Banda Total Ocupada — [«— Espacamento
1/T,
] A | Ty R Modulagdo
de cada
’ T R Portadora
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Espagamento

A
A 4

A
Y
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Diagrama Tempo / Frequéncia

a
S = f
N—
¥ N
¥ i
SN ‘
THaN
Ly
II .....
7/
Simbolo

-
~+

\ 4

Banda ocupada

ATSC

»
>

Banda ocupada

OFDM
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Efeito de Multi-percurso no OFDM

L/
1\ -

al, ¢1

X

a2, (2

a3, 03

ax, ¢ x

<
<

Ty

Y

tx
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LCS

EPUSP

Modos DVB-T
Parametro Modo 2K Modo 8K
Numero de Portadoras (K) 1705 6817
Portadoras Uteis 1512 6048
Portadoras Piloto Continuas 45 177
Portadoras de Controle (TPS) 17 68
Durag3o Util do Simbolo (T) 224 ps (2048T) 896 s (8192 T)
Espagamento entre Portadoras(1/ T,)) 4464 Hz 1116 Hz
Ocupagdo de Banda (Kx 1/ T)) 7.611 MHz 7.608 MHz
Intervalo de Guarda (A) (8 MHz) 56, 28, 14, 7us 224,112, 56, 28 us
Duragdo do Simbolo (A + T,) 280—231 ps 1120-924 pus
Largura do Canal 8 MHz 7 MHz 6 MHz
T (us) 7/64=0.109375 1/8=0.1250 7/48=0.14583

PTC2547 - Guido Stolfi
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Codificador DVB-T

—| Randomizador

<— Mapeador

Correcao de
Erros

\ 4

(R.S. 204,188,
t=8)

Intercalamento

Temporal

Intercalamento

A

Temporal

Y

Correcao de
Erros

A

(Convolucional
¥ a7/8)

A

PTC2547 - Guido Stolfi
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Randomizador DVB-T

Habilitacao

Entrada Serial Saida

Polindbmio Gerador: X + X4+ 1
Habilitacao: = 0 durante Byte SINC MPEG
Inicializacdo: cada 8 pacotes MPEG (1504 bits)

PTC2547 - Guido Stolfi
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Codificador Reed-Solomon

SYNC 187 Bytes de Dados Randomizados

\ 4

RS (204, 188, t = 8)

A 4

SYNC

187 Bytes de Dados Randomizados

16 Bytes Prot.

OBS: SYNC é invertido (47h para B8h) cada 8 pacotes.

PTC2547 - Guido Stolfi
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Intercalador Temporal LCS

EPUSP

—° Oy
M= 17 Bytes

o2 o |

2xM

e o |
; 4 3xM f

° o

11xM
AT T T T T T ,

12 x 17 = 204 bytes
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Codificador Convolucional ZOE
Saida X
+ {(+) =
Entrada #/ Saida
Serial Serial
D D D D D D D =1 bit I
SaidaY
o + + >

Puncionamento
e Serializacao
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Padroes de Puncionamento dos Cédigos Convolucionais

LCS

EPUSP

Taxa Pu::i:f:r::nto Sequéncia de Bits Transmitidos
12 |, X1Y1 X2Y2 X3YV3

2/3 o X1Y1Y2 X3Y3Va..

3/4 P X1Y1Y2X3 X4 Y4Y5 X6...

5/6  |viiote X1Y1Y2 X3 Y4 X5 ...

7/8 |0l X1Y1Y2 Y3 Y4 X5Y6 X7 ...

PTC2547 - Guido Stolfi
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Intercalador de Bits / Simbolos (QPSK) LCS

EPUSP

Re(n,x)
| >
Entrada R Int.erc. R

Serial Bit 10 Im(n.x)
o Demux ,Interc. | Mape- .,

Simbolos ador

Interc. R Il
Bit 11 -
QPSK
L =126 bits
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Intercalador (64-QAM Hierarquico)

Entrada

Serial 1
—

Demux

Interc.

Bit |0

Entrada

Interc.

Bit I1

A 4

Interc.

Bit 12

\ 4

Serial 2
—

Demux

Interc.

Bit I3

\ 4

Interc.

Bit 14

\ 4

Interc.

1 Simbolos

LCS

(111 |

Interc.

Bit IS

\ 4

v

EPUSP
Re(n,x)
I >
: Mape- Im(n,x:)
ador I
64-QAM

N3ao-uniforme
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Constelacdes DVB-T Lo

Im{x}
F
- . - 4 »
1000 101a o018 oana
Itn{z}
. . f_‘a . - [ - + 2 » (]
1000 1010 ooLn ao00 1001 1011 pol1l ool
. e i » . : : : — Refz}
1001 1011 oo1l o001 -4 -2 2 4
1 1 ] 1
T T T T hnﬂ{Z}

- e 1l S » . 42 . .
1101 1111 0111 0101 1101 1111 0111 0101
" o I3 a - » o =+ -4 - »
1100 1110 0110 0100 1100 1118 0110 Qlo0

QAM-16 QAM-16 N3ao Uniforme (a=2)
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Constelacdes DVB-T

Im{z}
F Y
) - - & ] [
1000 1010 oolo apon
L » A [ ] ]
ool 1011 aol ool
} } } = Halr
b -4 4 L] { }
- » - » -
1101 1111 011l 0101
] | ] +-6 » ]
1100 1110 0110 ) Rl

QAM-16 Nao Uniforme (a=4)
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Constelacdes DVB-T

QAM-64

Nao Uniforme
(a=4)

Im{z}
Fy
| 3 - ] » =+ 10 - - ] ]
10000) 1000l0 101010 101440 001000 001010  ODOO1D  DOOQO0OO
- - - ] =1 [ ] ] » L]
10000l 100011 101011 lolgol Qolo01 Dol011  OQ001L  d0000L
| L4 | ] ] T+ 6 - - . -
100161 100111 161111 16dimd foliol aoii1l oB0l1i  ododnl
[ ] L] [ ] ] -4 . - L] -
100100 100110 10111¢ 101100 001100 0Gd1iD  DOOL1Q  00G1M
[ ! ! $ .y } ¥ i Re{z}
-10 L] L -4 4 ] & )
[ ] [ » . -=+-4 . - ] []
11010d 110119 111119 111100 011100 011119 010110  Qlolpd
- » . * + & [ ] [ - -
110101 110111 111111 11110l oLllpl 01111l €l1011l  gleidl
. - » - =3 - . » .
1104061 110011 111011 111461 griepl 011611 @1o011 Qleodl
. - . . <10 . * ] ]
110000 110019 111010 1110400 11000 011010 010010 010000
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Portadoras Piloto =0

Portadora O Portadora 48 Portadora K-1

___\‘ ™ Simbolo
- I000OW0 - [

I::!::-::::::::!::--:=” —1 -1 _===:II 06
I:::::!:--::::::::!I;:- ---]I[ :---:II 67
I:::::::J!:--::::::::! J!I;]II: :J!I;]I 0
I::-:::::::J!::-:::::: :::]I[ :::::II 1
I::I==-:==:==::I::--:= :::]I[ :::::II 2
I:=I:|==I:--:==::I:|::II::- ---]I[ :---:II 3
AOC000000ONOOCOOOO0CCO0N - OROOND - O0N00E 4
:|=Portadora Util (dados) lt

I = Portadora Piloto, modulada em BPSK com Sequéncia Pseudo-Aleatodria
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Portadoras de Controle (TPS - Transmission Parameter Signalling)

*Mesma Informacao em cada simbolo para todas as
portadoras TPS

¢1 bit por simbolo, codificacao diferencial
*68 simbolos consecutivos (1 Frame)

¢17 portadoras (Modo 2k) ou 68 portadoras (8k)
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Alocacao de Bits nas Portadoras TPS

LCS
EPUSP

Bit Formato Finalidade

0 - Inicializacao da modulagao diferencial

lalé 0011010111101110 ou compl. Sincronismo

17a22 010111 ou 011111 Comprimento

23,24 00, 01, 10, 11 Numero do Frame

25, 26 00, 01, 10 Constelagdo (QPSK, QAM-16, QAM-64)

27 a 29 000 a 011 Hierarquia (sem, a=1, a=2, a=4)

30a32 000 a 100 Taxa Cod Convolucional, Fluxo de Alta Prioridade
33a35 000 a 100 Idem, Baixa Prioridade (1/2, 2/3, 3/4 5/6, 7/8)
36, 37 00, 01, 10, 11 Intervalo de Guarda (1/32, 1/16, 1/8, 1/4)

38, 39 00, 01 Modo de Tansmissao (2k, 8k)

40 a 47 n Identificador de Célula (Opcional)

40 a 53 00000000000000 Reservados

54 a 67 Cdédigo BCH Correcgao de Erros

PTC2547 - Guido Stolfi
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LCS

Desempenho do Sistema DVB-T i
Required C/N for
BER = 2 x 10" after Viterbi Bitrate (Mbit/s)
CQEF after Reed-Solomon
Modu- |Code | Gaussian | Ricean | Rayleigh
lation | rate | channel |channel| channel | AT, =14 | AITy;=18 | AT =116 | ATy =1/32
(F4) (P4)

CQF3K 1/2 31 3.6 5.4 4,98 5,53 5,85 6,03

CPSK 213 4.9 57 8.4 6. 64 737 781 8 04

CPSK 34 5.9 6,8 10.7 746 8 29 8,78 9,05

QF3SK 5/6 69 8,0 13,1 8 29 9 22 9,76 10,05

CPSK TIE 77 87 16.3 871 9,68 10.25 10.56
16-0AM | 1/2 848 9.6 11,2 9,95 11,08 11,71 12,06
16-QAM | 2/3 11,1 11,6 14,2 13,27 14,75 15,61 16,09
16-04AM | 3/4 12.5 13.0 16,7 14,93 16.59 17.56 i8.10
16-0AM | 5/6 13.5 14,4 19.3 16,59 18,43 19,52 20,11
16-0AM | 7/8 13.8 15,0 228 17,42 19,35 20,49 21,11
B4-0AM | 112 14.4 14.7 16,0 14,93 16,59 17.56 18,10
ad4-0AM | 2/3 16,5 17,1 19,3 19,91 22,12 23,42 24,13
B4-0AM | 374 18.0 18.6 21,7 2239 24,88 26,35 27,14
64-0AM | 5/6 18,3 20.0 25,3 24 88 27,66 29,27 3016
ad4-0AM | 778 20,1 21.0 27,9 26,13 29,03 3074 31,67
NOTE: Figures in italics are approximate values.

Cluasi Error Free (QEF) means less than one uncorrected error event per hour, corresponding to
BER = 10°11 at the input of the MPEG-2 demultiplexer.

PTC2547 - Guido Stolfi 68 /150



Envoltdoria de um Sinal OFDM (6000 Portadoras) =0

5
4
3
2
1
0
-1 i
) |
3
4
5 5
1.29 13 1.31 1.32 1.33 1.34 1.35
x10 °
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Espectro de um Sinal OFDM (6000 Portadoras) Lo

2NN
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Espectro OFDM com Limitagdo de Amplitude de Picoem+6dB L5

120

100 .

60 1

40 7

20 ‘N

500 1000 1500 2000
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Algumas Comparacodes entre ATSC e COFDM (LS

EPUSP

e ATSC: otimizado para taxa de bits x relacao S/R do canal,
para maximizar cobertura para uma dada poténcia

e DVB-T: otimizado para operar em condicoes severas de
multi-percurso e permitir SFN (Single Frequency Network)
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Caracteristicas do ATSC:

e A Favor:
— Maior taxa de bits / MHz
— Robustez a ruido de fase
— Maior alcance para dada poténcia de transmissao
— Bom desempenho com ruido impulsivo

e Contra:
— Nao permite recepgcao movel
— Equalizacdo piora desempenho por S/R
— Equalizacao aumenta necessidade de processamento

— Baixo desempenho com antenas internas

PTC2547 - Guido Stolfi
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Caracteristicas do DVB-T: LCS

EPUSP

e A Favor:
— Tolerancia a multi-percurso
— Robustez para interferéncias em frequéncias fixas

— Facilidade para uso de retransmissores em zonas de sombra (“gap
filler”)

— Bom desempenho com antenas internas
— Permite recepcao movel

e (Contra:

— Baixa tolerancia a ruido impulsivo
— Baixa tolerancia a ruido de fase em misturadores
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Demandas de Processamento Digital (ordem de grandeza) ZOE

e ATSC:~10 M simbolos/seg.

— ~10 MIPS (processamento basico)
— ~10 MIPS adicionais para cada “tap” do EQ

e COFDM: ~1 k simbolos/seg.
— ~100 MIPS (FFT de 8196 pontos)
— Independe de equalizacao
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Sistema ISDB-T — Integrated Services Digital
Broadcasting - Terrestrial
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Sistema ISDB-T (integrated Services Digital Broadcasting — Terrestrial) o

EPUSP

e Aprovado para radiodifusao terrestre de TV Digital no
Japao (No ar desde 2004)

e Compressdo de Video e Audio: MPEG-2
e Transporte: Pacotes MPEG-2

e Modulacao: OFDM Segmentada

e Entrelacamento temporal até 380 ms

e QOcupacao de Banda: Canal de 6 MHz
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Sistema ISDB-T

EXEMPLO 1 EXEMPLO 2 EXEMPLO 3
HDTV SDTV 1 movel Audio SDTV 2 movel Audio
ou estacionaria estéreo ou estaciondria estéreo

INTERCALAMENTO INTERCALAMENTO
B 5,6 MHz i ) 5,6 MHz - 432 kHz
432 kHz
RECEPTOR RECEPTOR RECEPTOR AUDIO
INTEGRADO MOVEL PORTATIL

PTC2547 - Guido Stolfi
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Parametros do ISDB-T (6 MHz)

Modo ISDB-T Modo 1 Modo 2 Modo 3
Banda do Canal 5575 kHz 5573 kHz 5572 kHz
(6000/14)x (6000/14) x (6000/14) x
13+Af 13+Af 13+Af
Espacamento 3.968 kHz 1.984 kHz 0.992 kHz
Portadoras 6000/14/108 6000/14/216 6000/14/432
No. Total de 1405 2809 5617
Portadoras 108x 13+1 216x 13+1 432x 13+1
Processo de QPSK, 16QAM, 64QAM, DQPSK
Modulacéo

Duracdo do Simbolo

252us

504us

1008ps

Banda de Guarda

1/4, 1/8, 1/16, 1/32 da duracéo do Simbolo

Caodigo Interno

Cadigo Convolucional (1/2, 2/3, 3/4, 5/6, 7/8)

Caodigo Externo

RS (204,188)

Intercalamento

0, 0.096, 0.19, 0.38 seg.

Taxa de Bits

3.651 ~ 23.234Mbit/s
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Exemplos de Alocacao de Segmentos

1119|7|5(3(1|0|2|4|6|8|10|12
13 segmentos para Modulagdo QAM (Camada A)
1119|7|5(3(1|0|2|4|6|8|10|12

12 segmentos QAM (Camada B) e 1 recepc¢ao parcial (Camada A)

11

9

7

5

3

1

0

2

4

6

8

10

12

A

B|C

9 segmentos QAM (Camada C), 1 recepgao parcial (Camada A) e 3 com DQPSK (Camada B)

PTC2547 - Guido Stolfi

LCS

EPUSP

80 /150



Processamento na Modulacao ISDB-T

Cdédigo Reed-Solomon RS(204, 108, t=8)

(= DVB-T)

Randomizagdo g(x)=x¥+x¥+1

Ajuste de Atraso entre Camadas (A, B, C)

Intercalamento de Bytes (M = 11 x 17 Bytes)

Cdédigo Convolucional Puncionado (1/2 a 7/8)

Intercalamento de Bits

Mapeador (DQPSK, QPSK, 16- / 32-QAM)

Sintese do Fluxo de Simbolos

Intercalamento Temporal Longo

Intercalamento de Segmentos

Rotacdo de Portadoras

Randomizacdo de Portadoras

Insercao de Pilotos, AC e TMCC

Modulacdo OFDM (2k, 4k ou 8k)

Insercdo de Intervalo de Guarda (1/32 a %)
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LCS

EPUSP

81 /150



Intercalamento de Bits e Mapeamento

DQPSK

LCS

EPUSP

bO ho'
Phase :
————1SP : Lase 6
b0, bl.... b1 120-Bit Delay T Calculator
Ly L o
Phase ® > 1
Shifter LS 0
QJ—I QJ 7 -
Delay
b0

b0, bl, b2, b3, b4, b3, ...

64-QAM

S/P |

b2

b3

72-Bits Delay

1 o1 24-Bils Delay |
18-Bit Delay

2 0G-Bits av .
" 90-Bits Delay ;

64QAM

Mapping

‘ - 120-Bits Delay 1
b3
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Sintese do Fluxo de Simbolos LCS

EPUSP

O 0 0
- 1 1 ;
4 - 1 Segmentode 2 |~ A
: i Dados A-1 : :
Simbolos da , o—1 : ©
LQ / ] M)
CamadaAﬁ;é 9 Segmento de f} ‘
\ o— 1 n-1 Dados A-2 ol o I".
. . i = - \
v : Segmento de :
. n,-1 - n-1 | O
= Dados A-M, - 1 Simbolo por
0 - Portadora
A Segmento de : >
Camada B Dados B-1 a1 o
—F—
0o —o
Segmentode
Bades BRSO
s ; 0 S nc = 96 (Modo 1)
7 egmento de : =192 (Modo 2)
CamadaC o : il 5 =
J NERETI. - = 384 (Modo 3)
/ \ o I
Segmentode y
Dadosiei S O Ma+ Mg, Mc. g3

Memoria
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Intercalamento Tempor

Intercalador
Temporal
Segmento 0

1 Simbolo por
Portadora

1 Simbolo por

Intercalador
Portadora

Temporal
Segmento 1

Intercalador
Temporal
Segmento 2

Intercalador
v : Temporal : v nc = 96 (Modo 1)
o n.-1 Segmento 12 n-1 o =192 (Modo 2)
=384 (Modo 3)
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Intercalador Temporal de Segmento Ay
0
O Buffer de | x m, simbolos O
|
O Buffer de | x m; simbolos O
2
O Buffer de | x m, simbolos O
n.-1
O Buffer de I x m__, simbolos O

ne = 96 (Modo 1)

| = F?tor Multiplicativo m, = (kx 5) mod 96 =192 (Modo 2)
(Parametro de cada Camada) =384 (Modo 3)
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Intercalamento de Segmentos

N x n. Simbolos

A

Y

N = Ndmero de Segmentos Alocados para a Camada

nc Simbolos nc Simbolos |
< < o !
1 1 1
\ +
2 ne-1|| ne |nc+1fnc+2 ! | Nn-1
1
! 1
: : | / |
1 1 . 1
1 1 . 1
1 1 . 1
1 1 . 1
1 1 . 1
! - - !
1 : : 1
: ! ! $o
1
2N | 3N N(nc1)|[ 1 |N+1 : N-1 Nnc-1

nc = 96 (Modo 1)
=192 (Modo 2)
=384 (Modo 3)
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LCS

Rotacao de Portadoras dentro de um Segmento e

nc Portadoras

Y

of1]|2|3]|4]s ne-1
| 1
1 1
1 1
1

1|12(3] 4 n-1| 0
1 1
1 1
1 1

23|45 01
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1

12|13 |14 | 15 | 16 14 | 15

Mapeamento estatico, igual para todos os
simbolos (depende do Modo)

Segmento OFDM No. 0

Segmento OFDM No. 1

Segmento OFDM No. 2

Segmento OFDM No.
12
nc = 96 (Modo 1)
=192 (Modo 2)
=384 (Modo 3)
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Randomizacdo de Portadoras no Segmento Lo

384 Portadoras

A
v

oO|l12 (3|24 151(152(153|154]|1

\\\. 55\}8

3

.\

27| 51

62 | 13 |371| 11

Mapeamento estatico, pseudo-aleatério, igual para
todos os segmentos (depende do Modo)
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Portadoras Auxiliares e Pilotos Moveis

Numero do Simbolo dentro de

um Frame

Portadora dentro de um Segmento

0 1 2 3 4 5 6 7 8 9 10 11 12w Ne-1
SP Spe 5 S0 3. S Ssp S S See Sop Sio SP | She
Soa Si1 5 SP > &) S5z 5 3> Sei1 Sa1 Sia, Siiz S we-
Soz Sia S S32 >, S sp > B Ss2 Sg2 Sig, Siz2 S
Soa Sis 5 853 >, 5 Se3 B > SP Ses Sio, Sias S e
SP | S.. | S S,. | s S S.. | S S Ses | Sos | Sws | SP St

SP S e
S e
S

—_

= &)

= <<

= o

o R

<

sP
Soa2 S1a Syzon | SP | Szaer | Sszon | Ssaom | Secor | Srze | Szam Sw
Sa.2 5, 5 B3z 5, Ss200 | SP | Sez0z | Sr202 | S Syet2m
Soaes | S s Sams | S S Somos | 5 S SP S

LCS

EPUSP

Nc =108 (Modo 1)
216 (Modo 2)
432 (Modo 3)
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Modulacao das Portadoras Piloto (pBpsk)

Segmento

D D > D > D D D
1 2 3 5 6 7
Modo 1 Modo 2

Modo 3

11111111111

11111111111

11111111111

11011001111

01101011110

11011100101

01101011110

11011100101

10010100000

01000101110

11001000010

01110001001

11011100101

10010100000

00100011001

00101111010

00001011000

11100110110

11001000010

01110001001

00100001011

00010000100

00000100100

11100111101

10010100000

00100011001

01101010011

11110110000

01100111001

10111010010

00001011000

11100110110

01100010010

10100100111

00101010001

11110100101

i | =t - ' Wl
IJOOOQJATJOWUJ-J\--..IOM

01110001001

00100001011

00010011100

Inicializacao do gerador de sequéncia maxima
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Portadoras AC (Auxiliary Carrier) @ TMCC (Transmission and Multiplexing Configuration LCS

Control)

Segmento
11

Segmento
0

Segmento
12

||

IIREE

|

N

440

|

]|

i

440

EPUSP

AC
TMCC

(Modo 3,
Modulagao
QAM)
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Portadoras TMCC

LCS
EPUSP

Bit Formato Finalidade

0 - Inicializacao da modulacao diferencial
lal6 0011010111101110 ou compl. Sincronismo

17a 19 111 ou 000 Descritor do Segmento (Diferencial ou Coerente)
20,21 00, 01, 10, 11 Descritor do Sistema (11 = ISDB-T)

22 a 25 1111; 1110 a 0000 Contagem Regressiva p/ Prox. Configuracdo
26 0,1 Flag para Emergéncia

27 0,1 Flag de Recepgao Parcial

28 a 40 XXX YYY 22Z WWWW Parametros para a Camada A (Tabela)
41a53 XXX YYY 222 WWWW Parametros para a Camada B

54 a 66 XXX YYY 222 WWWW Parametros para a Camada C

67 a 106 Idem 27 a 66, para Proxima Configuracao
107 a 121 111111111111111 Reservados p/ Uso Futuro

122 a2 203 Cdédigo CDSC(184,102) Bits de Paridade
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Parametros das Camadas A, Be C

LCS
EPUSP

Bit Formato Tipo de Modulagdao da Camada
28230 000 DQPSK

001 QPSK

010 16 QAM

011 64 QAM

100 - 110 Reservada

111 Camada ndo utilizada
Bit Formato Taxa de Codificacdao Convolucional da Camada
31a33 000 =1/2

001 =2/3

010 =3/4

011 =5/6

100 =7/8

101 - 110 Reservada

111 Camada ndo utilizada
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Parametros das Camadas A, Be C

LCS
EPUSP

Bit Formato Comprimento do Intercalamento Temporal
34a36 000 0
001 1
010 2
011 4
100 8
101 Reservado
110- 111 Camada ndo utilizada
Bit Formato Numero de Segmentos Utilizados na Camada
37a40 0000 Reservado
0001 a 1101 1 a 13 Segmentos
1110 Reservado
1111 Camada ndo utilizada
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Mapeamento dos Segmentos (Modo 3) Sl

433

1197531024681012|

| | /|

1 432 2809 5616 5617 (Piloto Adicional)
- AN /)
A
Banda de
2809 portadoras Guarda 2808 portadoras
0 2808 5384 8191

Mapeamento das Portadoras na IFFT (8192 pontos)
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Taxas de Bits ISDB-T (13 Segmentos) Ay

. Pacotes Taxa de Bits x Intervalo de Guarda (Mb/s)
Modulagao c COd'g.o MPEG-2 por
onvolucional 1/4 1/8 1/16 1/32
Frame
1/2 156/ 312 /624 3.651 4.056 4.295 4425
DQPSK 2/3 208 / 216/ 832 4 868 5.409 5.727 5.900
3/4 234/ 468 / 936 5476 6.085 6.443 6.638
QPSK 5/6 260/ 520/1040 6.085 6.761 7.159 7.376
7/8 273 /546 /1092 6.389 7.099 7.517 7.744
1/2 312/624/1248 7.302 8.113 8.590 8.851
2/3 416/ 832 / 1664 9.736 10.818 11.454 11.801
16QAM 3/4 468 /936 /1872 10.953 12.170 12.886 13.276
5/6 520/ 1040/ 2080 12.170 13.522 14318 14.752
7/8 546/ 1092 /2184 12.779 14.198 15.034 15.489
1/2 468 /936 /1872 10.953 12.170 12.886 13.276
2/3 624 /1248 / 2496 14.604 16.227 17.181 17.702
64QAM 3/4 702 /1404 /2808 16.430 18.255 19.329 19.915
5/6 7800/ 1560 /3120 18.255 20.284 21.477 22,128
7/8 819/1638/3276 19.168 21.298 22.551 23.234
Taxa de Bits x Intervalo de Guarda (kb/s)
Portadoras  Segmentos Portadoras
Auxiliares (Modo 1/2/3) 1/4 1/8 1/16 1/32
(AC) 1 (2/4/8) 631 7.02 7.43 7.65
13 (26 /52/104) 82.13 91.26 96.62 99.55
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Desempenho do Sistema ISDB-T

Taxa x SNR - ISDB-T (AWGN)

25

20

o
S~
Kol
3 e =
>
=)
]
510
ke e/
M
> /M
0
5 7 9 11 13 15 17 19 21 23

Relagdo S/R (dB)
=&=QPSK =6=16-QAM =H=64-QAM
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Limiar de Operacao do Receptor

1- Poténcia do Ruido Térmico no Receptor:

N=k T B (watts)

onde:

k = Constante de Boltzmann (1.38 x 10-23 J/K)
T, = temperatura do receptor (K)

B = largura de banda do receptor.

ParaB=6 MHz e T, =290 K:

N;=1.38 x 1023 x 290 x 6 x 10° = 24 x 10> W = -106.2 dBm

LCS

EPUSP
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Limiar de Operacdo do Receptor Lo

2- Poténcia Minima Necessaria na Entrada:

Pye=Ny+C/N+NF (dBm)

onde:
N = Ruido térmico na entrada

C/N = Limiar de recepc¢ao caracteristico da modulacao
NF = Figura de Ruido do receptor
Para ISDB-T, 64-QAM, 7/8, NF = 7 dB:

Pyr=-106.2dBm + 22 dB+7 dB=-77,2dBm (38 uV em 75 Q)
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Limiar de Operacdo do Receptor Lo

3- Poténcia Minima na Antena:
Pys=Pyr+D+L—-Gg (dBm)

onde:

P,z = Poténcia minima na entrada do receptor

D = Degradacao por interferéncias e outras fontes de ruido
L = Atenuacao da linha de transmissao

G, = Ganho relativo da antena
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Limiar de Operacdo do Receptor Lo

Parametro VHF baixo VHF alto UHF
Ganho da Antena de recepgao (Gg , dB) 4 6 10
Perda no Cabo de Antena (L, dB) 1 2 4
Figura de Ruido do receptor (NF, dB) 10 10 7

Poténcia Limiar na Antena (P, , dBm):

Sistema ATSC (C/N = 15.2 dB) - 84.0 —85.0 -90.0
Sistema DVB-T (6 MHz, C/N = 18.0 dB) -81.2 -82.2 —87.2
Sistema ISDB-T (6 MHz, C/N = 18.7 dB) —80.5 - 81.5 —86.5
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Hipoteses para o SB-TVD LCS

EPUSP

e Codificacao “Turbo”

e |[ntercalamento temporal baseado em
Transformada de Fourier

e |SDB-T com Compressao H.264
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Aperfeicoamentos Possiveis: Codificacao “Turbo”

=X
Y
p—r—’() = D D
L
- -
- - X
Encoder 1 N e
Y
T2
Y
I—b'/“\ =1 D D
UQ “
- -
Encoder 2 N 2P
3
| -1 e l
} - D D
3 “
#—(_ %Kap

Encoder 3
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Intercalamento Temporal por Transformada de Fourier X5

b(m)

Q(n,k)
> — C(n,k)
" IFFT
MOD
(N)
——>
h C(k,n) S(m,n)
. s(t)
Memona IFFT P/S L
RAM ﬁ: (M)
Insercao de

Pilotos
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Constelacao 256-QAM (Experimental) =0

File  Control Setup  Measure Analyze Lkilities Help 11:44 PM

1 Ii-_____+|

1 |-"'-+I

==

!
l:._:'I
—

More
[1af2)

Delete
All

PTC2547 - Guido Stolfi 105 /150



Diferencas entre ISDB-T e ISDB-Tb LCS

EPUSP

e Compressao de Video: H.264

e Compressdo de Audio: AAC

e Canalizacao: VHF Alto + UHF (c/ Offset de 1/7 MHz)
 Frequéncia Intermediaria: 44 MHz

e Mascaras de Transmissao

e “Middleware”: Ginga
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LCS

Espectro e Mascara de Transmissao ISDB-T ey =

H589014

[dB]
+20

15-5ep-2006 13:02:19
<< Spectrun Mask (ISDB-T MER> >>

Heasure

: Single

Pass

+10

0

-10

-10

e

.0

Harker:

Frequency :
Ref Lewvel :

+0.000 HH= -0

32.607 9361H=
—26dBn

0

.02 dB

Pre Anpl

: Off

CBW:
h.b19 HH=

+10.0 [HHz1

Spectrum
Hask

Mask
Transnission

Back
Screen
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Constelacao 64-QAM (MER = 27 dB)

H589014

15-5ep-2006 13:06:16
is CISDB-T MER) >> Heasure :

<{ Hodulation Anal

[Layer_al

Cont inmous
Storage : Hormal

Seg Ofs : 1024
Equalizer: Standard

?ﬁ@ﬂ
;@Q"

"

Carrier Frequency:
32.607 943 9 MH=

Frequency Error:
+71.9 H=z

.Eﬁ?' j§$§ Eg?%

+0.2430 ppn

MER{Conventionall:
27.87 dB

MERC(Layer_A)

LR SRR AR Ak S

27.16 dB

AR IR AL AR AR

g

|| w | |

*
E || B R %

%% @ %S
E %R @

| || b

| W R

Frequency :
Ref Lewvel :

MER = Modulation Error Ratio

32.507 936HH=
—ddBmn

Pre Anpl

Harker: 394 syanhol
3.1268

—2.9802

D
)

: Off

LCS

EPUSP

Hodv Lation
Analysis

#

Trace
Format

Storage
Hode

Section

Back
Screen

23
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Constelacao 64-QAM (MER = 47 dB)

H589014

[Layer_al

2007702724 02:57:20
<{ Modulation Amalysis (ISDB-T HER) >> Measure

: Single
Storage : Normal
Seg O0fs : bl12

Equalizer: Standard

Save

Frequency :
Ref Lewvel :

32.507 950HH=
—ddBmn

Pre Anpl

Carrier Frequency:
32.607 937 00 MH=

Frequency Error:
-13.00 H=
-0.3999 ppn
MER{Conventionall:
47.96 dB
MERC(Layer_A)
47.19 dB
Marker: 9934 synbol
(D 1.0062
() -5h.01bE

: Off

Display Di

=

r.

File Ko.

#

return
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LCS
EPUSP

Constelacao 64-QAM com Piloto Movel

ﬁwnﬁké

*.‘~’%*Q*&..
e ds mﬁx
e W ’ w
YV & n e iy i
_N_WQQ.&%%J.,K«

2 5ol 3
”SS#»W&?
8 S = = o ] m

20

10

-10

20
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LCS
EPUSP

Constelacao com Equalizacao Inadequada

20

10

-10

20
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Formas de Onda (1/Q, 1 Portadora, Simbolos Consecutivos) Eﬁﬁ?

0 ooy B 100/ @ 8 & 63605 500 Stop t @ 812w

Cursors Menu
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Formas de Onda (I /q, Portadora TMCC) =0

100%/ 100%/ 63602  500%/ Stop 1 812y
oy

W m

| 'r'| |'q' |r|| |l |r| u fh' 'ﬂ'| | 'r' ﬂ‘ ﬁ' i 'W' p| |q' 'ﬁ'| |'| i ||n| | q| 'W '

I | i || |q| y |w| |n| i P\ lﬁl |n|w| |p|| |n| ||n|| ﬂ fﬁ'
' | I | 1 I | I i 1 ! 1 " 1 | | | I | I | ‘ H T
\ L | | | | | | I | | 1 | I ; | | | I. | | \ | | |

||

| | | 'wi:.".f:;”.ftni.";:i."-%u‘r=;
|| |||| ||| || 'I|||I||| | |'I il |||...
||| |l||| ||||||\|||||||\|||||\ |||\|||
”¢Uu AaRRRRRARRAIRRARIR 'U'Jl u' 'u'hlq'u"ululu'u ARRR




Formas de Onda (1 /Q, Intervalo de Guarda 1/4 Suprimido) Eﬁ,‘;f

0 2000/ B 200v/ @ 500/ 5 00s 200% Auto § [ 141V

AX = 1.00800ms | 1/AX = 992.06Hz | AY(1) = 200uV J
-~  Mode -~ Source X Y X1 ) K2 X1 X2
Narmal 1 v -244 0us 764 .0us
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Formas de Onda (1/Q, Intervalo de Guarda 1/4) E’;fl

0 o/ @ 100w/ @ B ¢ 63608 5004 Stop ¥ H 812v

Cursors Menu
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Representacao Vetorial (1/q)

0 tooey B 1000/ XY

LCS

EPUSP

Main/Delayed Menu

Sample Rate = 250MSa/s J

Main l Delayed I’ Roll I

XY
v

_

PTC2547 - Guido Stolfi 116 /150



Espectro e Formas de Onda (Escala Expandida)

100%/ 100%/ 0.0s 2.008/ Stop £ [ 12.6%
¥

|
b
'“\"lm ! i "|'|l|“1|‘1|l'ﬂ’
y

||[|Jl l[ [ I I8 [|ﬂﬂ|'|nl Jl”‘lL | I|.

U I 0 ! Ih"|_'r._.,[,[ 0
n|[ h[r " '“[ H““[Hlﬂqd “m\l ‘U “ 5 IJI'\[IH‘“H \l \]h“ ‘i][hv’ll.[lh[qnq,[[‘p1 ’ ||h "‘m,ﬂ ”fll "uﬂ i |n[I \ [“]m[

AX = 2.82000MHz ] AY(M) = 14.400dB J
-~  Mode -~ Source X Y X1 ) K2 X1 X2
Normal Math v 0.0Hz 2.820MHz
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Transmiss3o Digital (TVGlobo, Canal 18, 29/05/07) =0

MS8901A4  2007/05/29 11:34:48 an
RBY 100kHz# ATT 10dB#
Delt 4659310z || -31.3adB| il SOEEE LIl 0% o
Ref Lewvel -20.60dBn DET Pos Peak
10dB/ || Trace—A Arto
b ! “1 By
!
' H Arto
S\ |
i Jnt | N N
! | Al g
i e
RB,VB.SWT
frto
Center 494 .00MH= Span 30.004H=
All Auto
[RBY = 100kHz |
| Pre anpl OFF [ Corr—1i | | B
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Constelacao 64-QAM + Piloto (12 Se—

B DMMBT - Const06 - (c) G.S.

v Grade

CARRIER

W E
E

& BB @ RS

T TR T
e g R W N

TR’
R M R B S
Mk A W gk o B sy
W ke B H B

CLA
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B DMMBT - Const06 - (c) G.S. 2006

v Grade
* . CARRIER
- |2800 +
€ * - _l
& #*

CLA
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Recepcao “Indoor” de TV Digital

LCS

1589014  2007/05/20 11:36:57 - 1589014  2007/05/20 11:37:22 -
~ RBW 10KHz# ATT 10dB# = RBW 10kHzé# ATT 10dB#
Delt 476 .06z | 59.20dB| g ot T . Delt 476 951z | 56.21dB | g O e S .
Ref Level -20.60dBn DET Pos Peak Ref Level -20.60dBn DET Pos Peak
10dB/ | race-4 Auto 10dB/ | Trace-4| Auto
" Lo | ‘ Lo |
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| VBY \ TRY
i ;
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i :
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\ i
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\ i
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o] 0
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Pre Aupl OFF ] Corr-1 [1 P [ Pre Aupl CFF [ Corr-1 | [1 P
HS8901A4  2007/05/29 11:36:29 o HSB9014  2007/05/29 11:36:40 o
- BBY LOKHz# ATT 10dB# - BBY 10KHzd# ATT 10dB#
[pe1t 4769510 | 56.04dB| F0 AOEEZE A oo i [Dert 476 950z | 591748 o8 SOKMEE, BT aoont -
Ref Level -20.60dBn DET Pos Peak Ref Level -20.60dBn DET Pos Peak
10dB/ | frace-A4 Auto 10d87 | Trace-4] Auto
. L__Aamo | ; L__Amo |
: ‘
. VBN i UBY
; ;
i Auto . Auto
" ‘
. ‘
! ‘
i ‘
i LN " iy }
AN ,
e R |
: i : Poprftity o |
- I Tl T
| iy Lot c b I L
; I T W*"Vf“" TR T PR
WWLW *,wwr 1 i
i RB. VB, SHT 1 B, VB, SWT
: Auto i ‘Auto
; |
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(] 0
[RBY = 10KHz ] [BBW = 10kHz
Pre Ampl OFF | Corr-1 [1E [ Pre Ampl OFF | Corr-1 | [1H]

PTC2547 - Guido Stolfi 121 /150



0 ~ o V24
Equalizacao do Canal “Indoor
HS39014 2007706729 13:b6:44
4% Modulation Anmalysis (ISDB-T MER) >> Measure : Continuous
Storage : Nornal
Seg Ofs : bi2
Anp1[dB] Equalizer: Standard
+10
U_u‘Hﬂvﬂvﬁw.J‘{HH H\'#fNMNHHJu’“ﬁ“ﬂf“\huﬁxf“ﬂﬁwﬂﬂﬁﬁhﬂu .y
-10
1T 9 T B 3 1 0 2 4 6 8 10 12
+10
U_W
-10
Start 496 .600 MH= Stop 496 .927 M=
Harker: 496.712 M= -4 b4 dB
Frequency : 497 160 0004H= Channel : I19CH
Bef Level : -26dBa Pre Ampl : OFf

LCS

EPUSP

Hodu Lation
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#

Trace
Format

Storage
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*

Correction
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135eg Hode
1 Seg Hode

Back
Screen
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Comparacio entre 8-VSB e COFDM Ay

Limiar S/R (dB)
40

38
36 '\

\ 8-VSB

34

32

30

28 COFDM 64-QAM 2/3 FEC
\ Banda de Guarda 1/8

26

. |
. \ T~
; N :
18 \‘i

\'\

16 >

14

0 2 4 6 8 10 12 14 16 18 20
Relacéo Sinal/Eco (dB)

Communications Lab
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Comparacio entre DVB, ATSC e ISDB-T Ay

CIN (dB)

31

29

27

25 4

23

21

19

17

15

Grafico 3.2.3.16: Rela¢io Sinal Ruido em funcio da relagao sinal eco
Comparagao ATSC DVB ISDB - P6s eco

|
== ATSC[1us]

—i— ATSC [16us]
— DVB 3/4 1/16 2k [16us]

—¥— DVB 3/4 1/16 2K [1us]
—&— DVB 8k (M) 2/3 1/32 8k

—e— ISDB (J) 3/4 1/16 4k [1us]
ISDB (J) 3/4 1/16 4k [16us]

N
‘T\\kw—--‘_ﬁ \\
%] | e~
e il
\‘_‘\AS ) 1 |
5 10 15 20 25

C/E (dB)

SET- ABERT 2000
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Robustez a Ruido Impulsivo

C/Neq (dB)

-10
-15 4
-20
-25
-30

LCS
EPUSP

Grafico 2.5.3.1: Relacao entre largura da janela de ruido e relacao sinal

interferente para ruido impulsivo

15
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t
—
—

N

-
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ATSC-ChipT
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—=—ATSC-Chip A
—&—DVB 3/4 1116 2K
—m—DVB 3/4 1/16 8K
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DVB 2/3 1/32 8K
DVB - Chip N - 3/4 1/16 2K
—4—DVB - Chip N - 2/3 1/32 8K
DVB - Chip M - 2/3 1/32 8k
DVB - Chip L 2/3 1/32 8k
DVB - Chip L 3/4 1/16 8k
—8—ISDE 3/4 1116 4K INT4
ISDE - Chip J

E
F
20

0.0
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SET- ABERT 2000
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Comparacdo na Presenca de Efeito Doppler Ay

ao E/D

agio

Rel

Grafico 6.3.15 - Relagédo sinal e eco em fung¢do do offset de frequéncia

Comparacgao - Pés-eco=16 us

Offset de Frequéncia (Hz)
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DeOnde VemoEcode0dB 48

\+
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DeOnde VemoEcode0dB 48

\r\
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hl
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P2 ho| 0 0
OO
O O
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Exemplo de Reflexo no Solo =0
h1=150m h2=50m d=1000 m
—>P1=1005m P2=1020m

P2-P1=15m = T2-T1=50ns

A

NV Y

10 30 50 70 MHz

Resposta em Frequéncia do Canal
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Outros Sistemas de Transmissao Digital
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Sistema DMB-T (TDS-OFDM) =0

e “Time Domain Synchronous Orthogonal Frequency Division

Multiplexing”
e Desenvolvimento na China (Tsinghua University)
e Modulacdo OFDM com possivel sincronizacao de simbolos via GPS

e Até 32 Mb/s em um canal de 8 MHz
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Sistema DVB-S2 (Satéli

01101

Q 11101 01001
MSB
01100 11001
R\ 00101 00001 ‘S8
MSB
0010 0000 11100/ go10 ® 0000 \ 01000
’/ ‘/LSB Rq
0110 @ 0100 11110 [ 10100@ 10101 rRA®. ! %29} 11000
=4 | ¢=wiz| | =8
i 4 -~ |
»
10110 11 10011 10010
0111
1101 0101 0111
0011 00010 11010
0011 0001 1111 00111 00011 01010
N=R IR
T=R /R 1011 1001 rRIR 01111 11011

1011

Modulagdes 16-APSK e 32-APSK

Até 58 Mb/s (7,8 dB SNR)
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DVB-S2: Eficiéncia Espectral para _

8/9
1/4 13 25 12 35 213 3/4 4/5 5/6 910

4,5
4,0 o

2.5 32APSKC/
o f_ﬁa"fp
P

j

25 16aPsk(
® 2,0 fLJAK
sPsK (B | @
1,5 o DD
' QPSK D1
©

1.0 ) D
051 @ P
0,0

0,2 0,3 0.4 0,5 0,6 0,7 0,8 09
LDPC code rate

Figure H.1: Examples of useful bit rates R, versus LDPC code rate per unit symbol rate R

LDPC= Low Density Parity Check
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DVB-S2: Desempenho LCS

EPUSP

42 = N ] T -
— — ] 32APSK =]
e e LB LS Er B L e EE EE BT i = -
4.0 —h Dotted lines= modulation constrained Shannon limit | | LA
— e o e e
& 35 16AP5KA, =
(k]
et 1
E 3,':' e IJF‘F _.J“'j
g e
£ 25 [ 8PSK =
b i = =
= P i =
S 20 s e e DVB-DSNG
g ESdS=S===o=r
7 16 ES==zamsss
%ID e —="———{DVES|
_-..'.___i-- =
05—
0o

3 2 4 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
C/N [dB] in R,

Figure H.2: Required C/N versus spectrum efficiency, obtained by computer simulations on the
AWGN channel (ideal demodulator) (C/N refers to average power)
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Sistema DVB-T2

Entrada de Dados

Modos

Corregao de Erros

Modulagao
Portadoras Totais
Constelagoes

Intervalo de Guarda

Ordem da IFFT

Portadoras Pilotos

Reducao de Fator de Crista

Taxa de Bits (canal de 8 MHz)

BCH= Bose-Chaudhuri-Hocquenghem

DVB-T
TS Unico (MPEG-2)

Modulacao e Codificacdo fixas
Reed-Solomon e Convolucional
1/2, 2/3, 3/4, 5/6 e 7/8
1705 ou 6817
QPSK, 16-QAM, 64-QAM
1/4, 1/8, 1/16 e 1/32

2k e 8k
Padrao unico,
2,6% fixas e 8% moveis

Ndo especificado

4,98 a 31,67 Mb/s

LCS

EPUSP

DVB-T2
TS’s multiplos ou Encapsulamento
Genérico de Fluxos (GSE)

Modulagdes e CodificagGes varidveis

BCH + LDPC
1/2, 3/5, 2/3, 3/4, 4/5 e 5/6
OFDM

853327841

QPSK, 16-, 64- e 256-QAM

1/4, 19/128, 1/8, 19/256, 1/16,1/32 e
1/128
1k, 2k, 4k, 8k, 16k e 32k
Padroes variaveis,
0,35% fixas e 1, 2, 4 ou 8% modveis
Expansao de ConstelagGes ou
Portadoras Reservadas:

10, 18, 36, 72, 144 ou 288
7,44 a 50,32 Mb/s
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DVB-T2: Entrada e Adaptacao de Modos

Input Input Comp- Null- CRC-8 BB
—S——interface[?] _ Stream ¥ ensating P packet encoder [ ] Header —
PLPO Synchroniser delay deletion insertion
Input Input Comp- Null- CRC-8 BB
———Minterface[?] _ Stream » ensating P packet encoder ] Header —>
PLP1 Synchroniser delay deletion insertion
Nl_ultiple : : ! ! ! ! ! To stream
tlnpUt | l | : i I : adaptation
streams
Input Comp- Null- BB
Input ! . CRC-8
—_— np;u —»  Stream » ensating ¥ packet der | Header —
PLPn interface \ . encoder . :
Synchroniser delay deletion insertion

PTC2547 - Guido Stolfi
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DVB-T2: Adaptacao de

frame m frame m-1
In-band
| frame signalling or (if N BB L
PLPO delay relevant) padding| | Scrambler
insertion
L1 dyne eo (M)
Scheduler
fr In-band BB
ame signalling or (if N —
PLP1 | delay relevant) padding[ | Scrambler
insertion
A :
: L1 dyanp1 (m) ' E
! ' ' ! To BICM
' ! i ! module
1 ' : 1
f In-band BB
» ame signalling or (if » >
PLPn 7| delay relevant) padding[ | Scrambler
insertion
L1 dyneien (M) R
Dynamic
scheduling
information

L .

L1 dyﬂPLF-o-n (m)
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DVB-T2: BICM (Baseband Interleaved Coding and Modulation)

FEC encoding Bit Demux Map cells to Constellation Cell Time
W (LDPC/BCH) interleaver [ ?| Pitsto [¥| constellations =¥ rotation and ¥ niericaver[ | interleaver|
cells (Gray mapping) cyclic Q-delay
: ‘ Demux Map cells to Constellation :
FEC encoding Bit - - ; Cell Time
W (LDPC/BCH) [*] interleaver [*| DPitsto ¥ constellations =¥ rotation and ™M intericaver[|interleaver|[
cells (Gray mapping) cyclic Q-delay
' ! : ! ' ' To frame
' ! : ! ' ! mapper module
; : Demux Map cells to Constellation :
FEC encoding Bit - X ) Cell Time
W (LDPC/BCH) [ interleaver [*] bitsto [~ constellations =¥ rotation and M ericaver[interleaver [
cells (Gray mapping) cyclic Q-delay
FEC encoding M IIs t
—P ¥ (Shortened/punctured g cor?s?cglllaatisor?s >
L1-dyneipon L1 L1-pre LDPC/BCH)
signalling
generation
FEC encoding Bit Demux Map cells to
o———P P (Shortened/punctured [ interleaver [ ] bits to > constellations >
L1-post LDPC/BCH) cells (Gray mapping)

L1 Configuration
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DVB-T2: Montagem de Quadro e Geracdo OFDM Ay

I 1
———>» |Assembly of}
PLPO } common 1|
| PLP cells E
Cell Mapper
_— - ! (assembles
PLP1 | Sub.sli ! modulated cells of
L e PLPs and L1
' 1 P ! signalling into To OFDM
E i I corresapr:réxagc?ing to generation
|Assembly ofl  OFDM symbols. [—f fredueney
| data PLP | Operates
— | cels | according to
PLPn [ ! dynamic
scheduling
information
produced by
ITTTTTTTS ] scheduler)
.................. » compensating [="""M | Assembly of |
.................. » delay beweap] 1 Litcelis i
L1 Signalling bmemee - !
Compensates for
frame delay in input
module and delay in
time interleaver
. - - ! ™ r
MISO Pilotinsertion & |1 | | papR |1 | Guard |i P1 i DAC : s
processing |- - dummy me :de 4 reduction T’* .‘men{al L4 .Symt.)c’l - ===
reservation | ! 1| insertion |! insertion [! 1 .
! I I ] I 1 Tx2 (optional)
T __ 3 r_____ 1 | 1 1 1 1 | 1 1

To
transmitter(s)
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DVB-T2: Codigos de Correcao de Erros

Table 6(a): Coding parameters (for normal FECFRAME Ny, = 64 800)

LDPC | BCH Uncoded | BCH coded block N, BCH NoenKpeh LDPC Coded Block
Code Block K., LDPC Uncoded Block |t-8rror correction Nygoe
K.'dpc
142 32 208 32 400 12 192 64 800
3’5 36 688 38 880 12 192 64 800
2/3 43 040 43 200 10 160 64 800
34 48 408 48 600 12 192 64 800
4/5 51 648 51840 12 192 64 800
6 53 840 54 000 10 160 64 800
Table 6(b): Coding parameters (for short FECFRAME Ny, = 16 200)
LDPC BCH Uncoded |BCH coded block Ny, BCH NocnKoeh Effective | LDPC Coded
Code Block K, LDPC Uncoded Block t-error LDPC Rate Elock
identifier Kipe correction K gp/ 16 200 Nigpe
1/4 3072 3240 12 166 1/5 16 200
isee nole)
12 7032 7200 12 168 4/9 16 200
3/5 9552 9720 12 168 3/5 16 200
2/3 10 532 10 800 12 168 23 15 200
3/4 11712 11 880 12 168 11415 16 200
4/5 12 432 12 600 12 168 79 16 200
5/ 13 152 13 320 12 168 37/45 16 200
NOTE:  This code rate is only used for protection of L1-pre signalling and not for data.
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DVB-T2

R ‘
P T L *
h....v..«...oma..o..b...w_.... ....... _.__D.._
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DVB-T2: Sincronismo de Quad

BODY P2 BODY
1K Symbol
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Figure 52: Active carriers of the P1 symbol
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Figure 53: Block diagram of the P1 symbol generation
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power spectral density, dB

DVB-T2: Espectro
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Figure 54(b): Detail of theoretical DVB-T2 spectrum for guard interval fraction 1/8

(for 8 MHz channels)
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Figure 54(a): Theoretical DVB-T2 signal spectrum for guard interval fraction 1/8
(for 8 MHz channels and with extended carrier mode for 8K, 16K and 32K)
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Consideracoes Finais
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Processos Envolvidos na Sintonia de um Sinal de TV Digital =0

e Etapa de Radiofrequéncia:

- Programacao do PLL do Oscilador Local para o canal escolhido

- C.A.G. nao-coerente ajusta nivel aproximado do sinal
- Circuito de Autocorrelacao detecta o Intervalo de Guarda

- PLL ajusta frequéncia de amostragem
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Processos Envolvidos na Sintonia de um Sinal de TV Digital =0

e Sincronizacao:
- Detecta o Modo de transmissao
- Posiciona janela da FFT
- Ajuste grosso do CAF da portadora
- Ajuste grosso do CAF da taxa de amostragem
- Ajustes finos dos CAF’s
- Demodulador BPSK extrai informacao da TMCC
- Inicia a decodoficacao do Cddigo Convolucioal
- Inicia a decodificacao do Codigo Reed-Solomon
- Pacotes de Transporte sao extraidos
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Processos Envolvidos na Sintonia de um Sinal de TV Digital 0

EPUSP

e Transporte MPEG:
- Aguarda Pacote com PID = 0, e obtém PID do pacote que contém o
Mapa de Programa (MAP_PID)

- Aguarda Pacote com PID = MAP_PID e obtém os PID's dos fluxos
elementares do programa (Video, Audio, etc.)

- Identifica Pacotes com PID's especificados e encaminha-os aos
Decodificadores correspondentes (Audio, Video, Dados)
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Processos Envolvidos na Sintonia de um Sinal de TV Digital =0

e Decodificacao de Video MPEG:

- Aguarda Cabeca de Sequéncia e configura parametros de exibicao
- Aguarda Cabeca de Grupo (GOP)

- Aguarda imagens tipo | e P de referéncia

- Inicia decodificacdo e apresentacao da imagem.
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Tendéncia Futura: Receptor Multi-padrao

LCS

EPUSP

e Processamento Digital de Sinais pode implementar qualquer sistema

de modulacao, transporte e codificacao

e Diversidade Espacial melhora recepcao com multi-percurso e permite
recepcao em banda larga
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\ 4
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Video
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Transmissao Experimental “8k” (UHDV) -

e Modulagdo OFDM com constelacdo 4096-QAM (12 bits/simbolo)
e Diversidade de Polarizacdo (H / V) em canal de 6 MHz
e Compressao H.265
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