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Digitala TV-mottagare

Set-top-box eller IRD
(integrated receiver decoder)




Digital TV

Ljud, bild, text-tv, undertext
Interaktivitet?

Tillaggstjanster knutna till programmen -
Enhanced broadcasting?

Internet, e-post, EPG, spel?
Shopping, bankérenden etc?

Bestandsdelar

Hardvara
API, Operativsystem
Applikationer

Conditional Access system -
atkomstkontroll




Arkitektur

OS

Eventuellt
Integrerat

Hardvara

Tuner & Demodulator “Front-end”

C-Kabel, S-Satellit, T-Markséind, IP-Bredband
Demultiplexer

Descrambler

MPEG Audio & Video decoder

CPU, RAM, flashminne, Grafik, D/A

Diverse in- och utgangar, Modem, Ethernet




DVB Systemet
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Bild & Ljud
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MPEG-2
DVB
kodare

Bilden komprimeras
Ljudkillan komprimeras
Data information

Video, Ljud och Data-
strommar multiplexeras

Avkodare

Siands via kabel, satellit eller
marksandare

Demultiplexering
Avkodning
Uppspelning pa TV:n

MPEG 2 System

Not Standardized

Video Video
= :
encoder Transport Stream decoder
System System
Elementary | encoder decoder Elementary
Streams PES [ L] PES Streams
Syntax B o Syntax
Audio > N " J| Audio
encoder "| decoder

MPEG-2 Standards




Kanalegenskaper

Satellit Kabel Marksindning | Bredbandsniit
Signalstyrka Lag Hog Lag - Hog --
Reflexer Nej Sma Starka -
Tillgiinglig Stor Liten Liten Liten
Bandbredd
Olinearitet Ja Nej Nej -
(klippning)
Storningar Brus Interferens Starka Dataforlust

sporadiska Tidsjitter

MPEG-2

Transport Adaption:

strom

Randomi-
sering

* Anpassat for att fungera for

DVB-S satellit

|

Yttre
felskydd:
Reed -
Solomon
kod

Puls-
formning

Frekvens

transponder bandbredder mellan omvandling

26MHz - 72 MHz.
* En birvag.

* Bra felskydd.

» QPSK signal medger mottagning
av svaga signaler.




DVB-C kabel

MPEG-2
Transport EUEEDE
Strom

Yttre
felskydd:
Reed -
Solomon
kod

Frekvens

Randomi- omvandling| J/

R sering

formning

e Anpassat for kabel-TV kanalkanalraster.
e Ingen inre faltningskod

e System baserat pa 64 QAM, men bade hogre och lagre
moder mojliga

e Maximal bitahstighet per kanal cirka 38.5 Mbits/s

DVB-T terrester

MPEG-2
Transport
Strom

Yttre Inre

Adaption: felskydd: Yttre felskydd: Inre

Inter- Symbol

Reed - Inter- N
mappning

Solomon foliering Faltnings foliering
kod kod

Synk, piloter och TPS data ‘

Randomi-
sering

Omvandling } Ligg till Generering

v Anpassnin;
Frekvens digital till skydds- avOFDM [ —

omvandling analog lucka vagform

av dataram

Till
sindaren




DVB avkodare, visar pa likheter

Satellit- RF & Matchat Inre felskydd Synk
signal QPSK filt-?r & detektor
demod utjamnare
Regenerering av barvag och bitklocka
— Reed- Borttagning av Outgangs Data
Interfoliering Solomon randomisering interface
avkodare Klocka

DVB avkodare, visar pa likheter

Satellit- Matchat Inre Synk
signal LILLCTS felskydd detektor
utjamnare FEC
Kabel- Matchat Differentiell
signal filter & avkodare

utjamnare

Regenerering av barvag och bitklocka

Reed- Borttagning av Outga Data
- gangs
Interfoliering Solomon randomisering interface Klocka
avkodare ¢




DVB avkodare, visar pa likheter
RF & Interfolierin
orom

Markséind-
signal

Satellit-
signal

Kabel-
signal

RF &
QPSK
demod

RF &
QAM
demod

Matchat Inre felskydd Synk
filter & detektor
utjamnare

Matchat Differentiell
filter & avkodare
utjamnare

Regenerering av barvag och bitklocka

— Reed-
Interfoliering Solomon

avkodare

Borttagning av Outgangs
randomisering interface

Data
Klocka

Orthogonal
Frequency
Division
Multiplex

OFDM - kanal

1116 Hz

0,4 MHz

6817 birvagor

7,6 MHz




Flevigsutbredning (fadning)

Reflex Extraviag T
/—\ / e
Sindare \ Mottagare

Destruktiv interferens T = (n+0,5) / frekvensen Konstruktiv interferens T = (n+0,5) / frekvensen
(reflekterad signal i motfas) fl kterad signal i fas

7,6 MHz

Eko, frekvensgang

“ \W[I \]/A\I{-’ \W { v \/ / \/ V «— Medeleffekt

0 1000 2000 3000 4000 5000 6000 7000




QPSK

Quadrature Phase Shift Keying

D=0dB
Quadrature
Phase
Shift L 4 ®
Keying
QPSK
2 bitar per
‘ ‘ symbol
D=0dB
Quadrature
Phase 16 QAM
Shift 2 2 L 4 2 ® 4 bitar per
Keying symbol
L 4 L 4 L 4 L 2
L 4 L 4 VS V'S
QPSK
2 bitar per|
‘ ‘ ‘ ‘ symbol
D/3 = -9,5dB @ -QrsK
¢ @ -16Q0AM
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64 QAM

Quadfature | D=0dB |
&Tgllllltzlilt(ij(fn | | 6 bitar per,
LA 2B AR 4L 2R 2R 2 2 symbol
LA 2B R 4L 2R 2R 2R 2
LA 2B 2R 4L 2R 2R 2 2
® 6000 0 00
LA 2B 2R 4L 2R 2R 2 2
LA 2B R 4L 2R 2R 2R 2
L R 2R 2R 48 2K K K 2
L AR 2R 2B 4L 2R 2R 2 2
_>| |<_ @ -QPSK
D/7 = -16,9 dB ¢ 9 -64QAM

Hierarkisk flerniva QAM

L K 2R 2 4 L 2R 2 2 4

L 2K 2R 2R 4 L 2K 2R 2R 2 Nér mottagnings-

® ¢ 00 ¢ ¢ 00 forhallanden och C/N
férsamras kan 16

o000 *e o0 punkter konstellationens
64 QAM punkter
anvandas som en punkt

L 2K 2R 2R 4 L 2K 2K 2R 2 i en QPSK konstellation

L K 2R 2 4 L 2R 2 2 2

L 2K 2 2R 4 L 2K 2R 2R 2

L K 2R 2 4 L 2R 2 2 2




DVB-T Hierarkisk modulation

Anvandbar datahastighet: 21.57 Mbit/s inom en
datacontainer med tva nivaer av robusthet

Program 1 64 QAM for ‘omtiliga’ delen
Program 2 16.59 Mbit/s
_ QPSK for ‘robusta’ delen
4.98 Mbit/s
Baseline Med multiresolution QAM med
Program 4

innre FEC : 5/6,1/2

C/N som behdvs i den yttre delen
av tackningsomradet. (Rice kanal)

o~ 22.7 dB for ‘6mtalig’ del

7.1 dB for ‘robust’ del

8 nivaer

8 nivaer

Fourier-transformen

I Frekvensrepresentation I — I Vagform I
Exempel . 64 QAM / 8K
I -
¥ ¥
I e (tid)
H
1 | 1 | | B
(frekvens)
Q 1/T =1000 Hz
13634 virden (16384)
—| |e— _
‘ T=1ms
¥ | -
o
1 i - i - iii 1 DFT for 8K kriver mer 4n
10 000 multiplikationer och

(frekvens) 50 000 additioner

6817 viirden (8192) IDFT = Invers Diskret Fourier Transform
motsvarar 7,6 MHz
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Transmissionsram for DVB-T

f, + 7.61 MHz
f, 1
'_ . " Frekvens
Birvag 0 Biirvfllg k.
0000000000000000000 00~ 0000000000000000e
000000000000000000. . .00 0000000 000000000
00000000000000000 Qe 0000000000 000000
0000000000000000. . .00 0000000000000 000
.OOOOOOOOOOOOOOOOOO 00 0000000000000Q00® Symbol 67
0000000000000 000. . .00 OOOOOOOOOOOOOOOO Symbol 0
000000000000000000 O 000000000 Q0QQ  Symbol 1
000000000000000000._ - .00 OOOOOOOOOOOOO Q0 g-‘%‘;ﬁ} §
0000000000000000000 00 0000000000000000e ™
0000000000000 e000 OO O0000000e00000000
|Kontinuerlig Pilot |TPS-Pilot Kontinuerlig Pil(Jt
Tid
O Data Kontinuerlig Pilotsignal 2k-mode: k., - 1704
® Scattered Pilot TPS-Pilot 8k-mode: k., - 6816

Barvagsavstand i 2K-mode = 4464 Hz, i 8K-mode = 1116 Hz

Skyddslucka

Skydds-
lucka Symboltid

Exempel fér 8K system: T, =1ms,
T;=0.25ms

1 ms motsvarar 300 km
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DVB-T Skyddslucka

Direktsignal \

/

NN NS

Eko 1 H— ¢
Eko 2 —— t
Co-channel ~—] t

Mottagen signal \ JJ\

T want

DVB-T Siandaren

To Acrial A
X Guard
Adaptation) | Outer | | Outer [ Toner Inner | | Frame || i | | | J
1 Energy Coder Interlcaver Coder Interleaver Mapper Adaptation OFDM l]:sr::t"’;; D/A Front End
Dispersal i
[ S B i et i it
! Adaptation,]_! Outer ' ! Ouer 1! Tnner 1 "
7 Energy I 1 Coder [ Interleaveri 1 Coder i [Pilot & TBS
| Dispersalt | " . !

Terrestrial Chanmel Adapter
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Randomisering

InitializationSequence 1 0 0 1 0 1 0 1 0 0 0 0 0 0 O
—1]2]3]4]s 678910 n[12]13[ 14 15

00000011...>

[ > Randomized/de-randomized
Enable data output
Clear/randomized
data input

Data input (MSB first): 10111000XXXXXXXX. . .
PRBS sequence: 00000011. ..

Figure 2: Scrambler/descrambler schematic diagram

Randomisering

SYNC MPEG-2 transport MUX data
1 byte 187 bytes
a) MPEG-2 transport MUX packet
L 8 Transport MUX packets N
>
" L PRBS period = 1503 bytes N
“ i
s il il

Randomized Data| Randomized Data Randomized Data

SYNC1

Randomized Data,
187 bytes SYNC8 | ™87 bytes 187 bytes

{
SYNC1

W

«

b) Randomized transport packets: Sync bytes and Randomized Data bytes

SYNC2 | ™87 bytes "
W

15



Reed-Solomon felskydd

| 204 bytes R
1« iy
SYNC1 . .
SYNCn or ‘ 187 bytes Randomized Data ‘ 16 Parity bytes
c) Reed-Solomon RS(204,188,8) error protected packets
) N
® SYNC1 SYNC1 SYNC1 h
203 b
sYNcn & 203 bytes SYNCa ™ yies SYNCn ™

f~4

d) Data structure after outer interleaving; interleaving depth I=12 bytes

Interfoliering

FIFQ shift register

0
L X
2, position .8 @ 8, \
3 ® 9 el i
10 [7=M-1%
1 ¢ =k 1 11=1-1,
L[ [ ]
Outer Interleaver Outer Deinterleaver

Sync byte always passes through branch 0

Figure 4: Conceptual diagram of the outer interleaver and deinterleaver
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Data

Faltningskodning

Modulo addit
odulo-2 addition X Output (G, = 171 Octal)

Input

L Y Output (G, = 133 Octal)
Modulo-2 addition

Figure 5: The mother convolutional code of rate 1/2

: Inner Coder

5 <o

.| Convolutional un&ith 8 |- Inner s
: Encoder | v| gerial output Interleaver

Punktering av kod

Code Rates r Puncturing pattern Transmitted sequence
(after parallel-to-serial conversion)
12 X: 1 X 1Yy
Y: 1
2/3 X:10 X1YqYy
Y: 11
304 X: 101 X1 Y1 Y5 Xs
Y:110
5/6 X: 10101 X1 Y1 Y5 X3 Yg Xg
Y:11010
7/8 X: 1000101 X1 Y1 Y5 Y3 Y Xg Yg X7
Y:1111010

17



Gruppering av data

byg,0g1s - Bit 800801
Inter:gaver Re{z} convey
- Yo,0:¥2,0
D100y 1. Bit
l—'—'—b Interleaver
Xo.X1, Xz, 3 DEMUX — 11 Symbol | Yo Y- Mapping
_—l b, . b. Bit Interleaver] "
2921 ) |nterleaver
12 Im{z} convey
Bit ,
by o,Ds 4, Interleaver 830,83 1, 16-QAM Y1i,0¥30
13

DVB-T Modulationsteknik

* Randomisering
— Auvldgsnar systematiska bit-monster (0000.. eller 11111..)

* Reed-Solomon kodning
— Felskydd, korrigerar upp till 8 byte av 204 (~4% felhalt)
* Interfoliering
— Motverkar att en felskur drabbar intilliggande databitar
* Faltningkodning
— Extra felskydd (skurfelsrittande)
* Gruppering av data
— Omvandlar bindra data till amplitudvéarden
* Interfoliering
— Motverkar selektiv fidning (bortfall av enstaka bérvagor)

18



f, + 7.61 MHz
f, 1
'_ . " Frekvens
Bérvag 0 Biirvfllg k.
0000000000000000000 00e0000000000000000e
000000000000000000.. . . 0000000000 000000000
00000000000000000 Q080000000000 000000
0000000000000000._ . O0e0e0000000000000
0Q00000000000000000 0Q®0000Q000000000Q00® Symbol 67
000000000000000000. . . 0000000000 00000000Q  Symbal 0
000000000000000000 O0e0000000000000000  Symbol 1
000000000000000000Q. . . 0000000000000000000 gyﬂ;g} §
0000000000000000000 000000 000000000000e ™
0000000000000 e000 OOe0000000e00000000
|Kontinuerlig Pilot |TPS-Pilot Kontinuerlig Pil(Jt
Tid
O Data Kontinuerlig Pilotsignal

@ Scattered Pilot @ TPS-Pilot

Transmission Parameter Signalling

 Sinds parallellt 6ver 68 fast tilldelade biarvagor

* Moduleras som differentiell 2-fas modulering (DPSK-2)
* Demoduleras utan lasning till pilottoner

 Overfor 68 bitar (en frame) varav 37 ir information

 Innehaller information for instillning av DVB-T
demodulatorn

19



23 bitar

68 bitar
=1ram

TPS Telegrammet

Synkord
Antal databitar (=23)
— Ram-nummer (0 - 3)
QAM - Konstellation
— Hierakisk modulering
— FEC - rate (datastroml)
FEC - rate (datastrom2)
— Skyddslucka
Transmissionsmod (2 alt. 8K)

Reserv, framtida anvindning
Felskydd

power spectrum density

Spektrum

-10 4

-20

-30 4

40 4

504 -

B0 A
8 7 -6 5 4321012 3 45 6 7 8

frequency relative to centre frequency ¢

20



DVB-T egenskaper

Samma kérna som DVB-S och DVB-C.
Punkterad faltningskod som 1 DVB-S

OFDM baserad QPSK eller QAM modulation vilket
ger bra stabilitet mot flervigs-fading

DVB-T erbjuder “2k” eller “8k” OFDM

Tva nivaers hierarkisk kanalkodning och modulation
mojligt

Hierarkisk MPEG-2 killkodning

Mojlighet till nationella eller lokala “single
frequency networks”.

DVB-T varianter

Modulation Code rate Guard interval
1/4 1/8 1/16 1/32
1/2 4,98 5,53 5,85 6,03
2/3 6,64 7,37 7,81 8,04
QPSK 3/4 7,46 8,29 8,78 9,05
5/6 8,29 9,22 9,76 10,05
7/8 8,71 9,68 10,25 10,56
1/2 9,95 11.06 11,71 12,06
2/3 13,27 14.75 15,61 16,09
16-QAM 3/4 14,93 16,59 17,56 T 18,10+
5/6 16,59 18,43 19,52 20,11
7/8 17,42 19,35 20,49 21,11
1/2 14,93 _1659 17,56 18.10
2/3 _19.91 Co2212 2342 C 24,13)
64-QAM 3/4 C 22,39) ~ 24,88% 26,35 27,14
5/6 27,58 27,65 29,27 30,16
7/8 26,13 29,03 30,74 31,67

(| Svensk konfiguration
[ Engelsk konfiguration Mbit/s
(I Tysk konfiguration

21



Prestanda

20,0 A

& 150 +
=) St
=

» 100

Mbit/s
O Sverige

B : Storbrittanien

O Tyskland

40

Sindareffekt (relativ)

300W

100W

30W |, gPSK
—=—16 QAM
10w | ——64 QAM

3w

1w

Svensk multiplex

konfiguration

Modulation 64 QAM

Code Rate (FEC) 2/3
Guard Interval 1/8
Mode 8K

Bit-rate 22,12 Mbit/s

22



Singelfrekvens nét

Gap filler

23



DVB-T2

DVB-T DVB-T2
Signalmoder QPSK, 16-QAM, 64-QAM QPSK, 16-QAM,
64-QAM, 256-QAM
Felkorrigering Faltningskod + RS LPDC + BCH
1/2,2/3,3/4,5/6,7/8 172, 3/5, 2/3, 3/4, 4/5, 5/6
Skyddslucka 1/4, 1/8, 1/16, 1/32 1/4, 19/256, 1/8, 19/128,
1/16, 1/32, 1/128
FFT (barvagor) 2K, 8K 1K, 2K, 4K, 8K, 16K,
32K
Pilottoner 8% 1%, 2%, 4%, 8%
Kontinuerlig pilot 2,6% 0,35%

Digital Video
Broadcasting

JL\B

Modulation and Coding Performance

a0 R
o Capacity limits for
70 simple Gaussiannoise .~
channel
= With LDPC can get close SESEIE__—__———__ ———————la . o [
o to theoretical limit DVE-T2 atfailure

o
=
D

Effective bits per Cell
w IS
o =

Typically 30% gainin ... e
cagacit compared
with DVB-T codes.

2.0 eSS TS R S e S e R e . BT 424 Mbits" mode  [BEnsateis e
104 WMBTatlQEF|ernsass i 077
0.0
L] 5 10 15 20 2%
G/ (dB)

—— Shannon Limit
BICM Limit

—+—DVBE-T2 QPSK —a—DVB-T2 16-0AM  —— DVB-T2 64-0AM —ea— DVB-T2 256-0AM
—4—DVB-T QPSK —e— DVBE-T 16-QAM —#— DVB-T 84-QAM
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DVB-T2, PLP

- III EII! III

Symbols

Service Specific Robustness
- Physical Layer Pipes (PLP
- Varje Slice har egen Signalmode och felskydd

- Batterisparfunktion

MIMO

e Tva DVB-T signaler pa samma frekvens

e Dubbelantenn
e vertikal/horisontel

25



Fortsatt Utveckling

e Diversitet
— Dubbla antenner

— Tva samarbetande radiomottagare
— 8K (100 km/tim)
— 2K (teoretiskt 4X hogre)

DVB Handheld (DVB-H)

* Nyheter
— Ny mode 4K
— Time-slicing (batterisparfunktion)
— Bit-rate up till 10 Mbit/s
— T.ex. 30 TV strommar om 300 kbit/s
— Terminaler med DVB-H / GSM f6r interaktivitet

26



DMB
Digital Multimedia Broadcast

Audio
Decoder

MUSICAM
Audio

T-DMB
Receiver

Multimedia transfer via current

DAB (Eureka-147) system

‘
i
|
i
|

Video |
Encoder
(H.264)

Video
Service

TS R

Audio Audio Multiplexer
Encoder

Service (BSAC)

Data
Service

Multimedia Multiplexer

f Current DAB system

Encoder
(204,188)

OFDM
Modulation

DAB
Multiplexer

[Convolutional .
Interleaver ] Transmitter

DAB System (ETSI 300 401)

- Multimedia Encoder for T-DMB
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REQUIREMENTS

MODEM Standard ETS 300401 /.Coded OFDM -4 DPSK
Frequency Band Band III, L-Band (BW=1.526MHz)

Recommended Sensitivity <-96dBm @ Pe=1x10+* (Viterbi decoder out)
Data Rate Resolution 8Kbps @ stream-mode-input of DAB multiplexer

RS Decoder : {n k) = {204,188)

Tt i PRy O Interleaver : 12 branch 17 Byte depth

Multimedia Multiplexer MPEG-2 / TS

Compression : MPEG-4 | H.264
Video Frame Rate : up to 30fps
Format : QCIF / QVGA / CIF [ WDF

Compression for: Audio Service : MUSICAM up to-384Kbps
Multimedia Service : MPEG-4 / BSAC up to 256Kbps

Data Service for Multimedia service : BIFS (optional)
Packet service : MOTS

Lankar

EBU Technical

http://www.ebu.ch/en/technical/trev/trev_home.html
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