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M ERTLEDIVARK (1) errestria roadcasting
m i ERTLEDa AR OLR m  Specification of terrestrial TV broadcasting
BR{g MPEG-2/ MPE Video MPEG-2/ MPE
MPEG-2 MPEG-4/ PEG-2/ MPEG- | >(saTvDi el H264 | 78 MPEG-2 MPEG-as | MPEC2/ 2(SBTVDI unknow | 41 64 | unknown
H.264 H.264) H.264 H.264)
T MPEG-2 BC MPEG-2 MPEG-4 ‘Audio Dolby MPEG-2 BC MPEG-2 MPEG-4
FLE—F05 AAC(SBTVDIE BSAC digital Dolby AAC(SBTVDIE BSAC
w MPEG-4 AAC) digital MPEG-4 AAC)
#E" | RsS@o7, |Rs@os, | BoH R-5(204, 188, Outer R-S(207, |RS(204, | BCH R-5(204, 188,
187,10 | 1888 ) Gl 187,100 | 188.®) )
WEBA | 52675 | S A BHH SABHIHL Outer 52 Byte Byte
Soy—F | BaRas | £a-i=7 Soh S tae o o || || SR convolution
A5 | (RE12) 12) convolution | interleave( interleave(dep
= interleave | depth12) th 12)
WS PYRES | BHAGES | BEEUTRE | BHAHGER Inner Trellis Convolutio | Low density Convolution
CERHLE: | GIREE-1/2,| B9 BRCE: | BE1/2, €
2/3) 2/3,3/4,5/6. | 1/2,3/5,2/3, | 2/3,3/4, 5/6, coding CTIEER) | ZERA || S ) G s Ok
3/, 415,506 | 7/8) 78) 415, 5/6)
RFBAL [ 12HUR | Evh AE® | Evh BRE.E | Evh BRE.E Inner 12 trellis | Bit, Bit, frequency, | Bit, frequency,
#—Y—7 [ o TEEee frequency | time time
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#h ERTLEDAVAK (2) Terrestrial TV Broadcasting (2)
m i ERTFLE DIV AR O ERE) m  Specification of terrestrial TV broadcasting (Contd.)
BER sugnEy | uFEen7 | uFEeu7 NFEEYT Carrier Single Multi —carrier | Multi-Carrier Multi-Carrier
U7 (CPFDM) (CPFDM) (BST-COFDM) Carrier (CPFDM) (CPFDM) (BST-COFDM)
ERAR 8-vsB QPSK,16QAM, | QPSK, 16QAM, | DQPSK, QPSK, Modulation | 8-vSB! QPSK,16QAM, | QPSK, 16QAM, | DQPSK, QPSK,
MR-16QAM, MR-16QAM, 16QAM, MR-16QAM, MR-16QAM, 16QAM,
64QAM, MR- 64QAM, MR- 64QAM 64QAM, MR- 64QAM, MR- 64QAM
64QAM . 64QAM .
256QAM, MR- 256QAM, MR-
256QAM 256QAM
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Terrestrial TV Broadcasting (3)

Characteristics of terrestrial TV broadcasting

Multi-path | x o o [o
Same x o o [o
frequency
connection
Mobile x o o [o o [S) o
receiver
Impulse x o o [o
noise
Operation | x x x |o
at segment.
unit
location USA, | Europe, Russia, UK, | Japan, Brazil, Europe | Korea | China
Canada, | Turkey, Australia, Finl | Argentina, Peru, (mobile
Mexico, South Africa, Saudi and | Chili, Venezuela,
Korea Arabia, India, Ecuador, Bolivia,
Indonesia, Thai, Philippine
Taiwan
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ISDB-T{miX R TS 1L &R

m  ISDB-TEAMHERK

ISDB-T Channel Coding

ISDB-T Basic Scheme
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SRFERYETE (1) Outer Error Correction (1)
B TSEZEHOISURAR—IRN) =L/ L TRYETE Error correction to TS packet after re-multiplexing
— RS(204,188) — RS(204,188)
* RS(255,239)[2BVVTAAT—R/\(FDHIZ5L/ 1+ « 51 byte 00, is added in front of the input data
D00, A4 at RS(255,239)
o FEILRICEBEOSLNIERE = After coding, heading 51 byte is removed
* 2048 HH8NAMETODIUH LRYEETEATHE = Random 8 byte error in 204 byte can be
corrected
— RSO — Element of RS
- GF(28)TES « Defined in GF(28)
- BEHBIER p(x)=xE+xI+x3+x2+1 = Primitive polynomial p(x)=x8+x*+x3+x2+1
- SEHEIERSHE(204,188) D AR £ g(X) = Generator polynomial for short RS(204,188)
(X)=(X-AO)(X-A)(X-A2)... (x-A15), A=02,ex g(x)=(x-A)(x-A1)(x-A2)... (x-A1%),  A=02py
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NRFEFRYETE (2)

B MPEG-2 TS&IRETSP

Outer Error Correction (2)

B MPEG-2 TS and transmitted TSP

“Sync byte " bata
@ byte) 87 byte)

{a) MPEG2TSP

Sync byte Data Parity
@ byte) 87 byte) (16 byte)

b) RSHE# =0 R 2 TSP £TSP) (k) | TSP with error correction by RS code (Transmitted TSP)
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(21 —AN i] L S H
= ayer Separation

n FZE, BYITEFSLEDOTSE204/ 1/ R TRESN =B
BlzHE
— BK3MERE (ex. STD-TV 3F v HIL)
— &/MBERE (ex. HDTV 1F v RIL)
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m  Divide TS in every 204 byte to designated layer after
re-multiplexing, error correction coding
— Maximum 3 layer (ex. STD-TV 3 channel)
— Minimum 1 layer (ex. HDTV 1 channel)
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IRILF—ILEL

B BESUH LS RFI(PRBS)ICEDITRILE—LER
— ZREEOGEETSPICLTLE
— R/ ERIEB EPRBSEDE v MBI D HEfth MR IEFD
— OFDM7L—LEIZ##{L, ##ifE: 1001010100000000
— PRBSOEMBER g(x)=x15+x14+1

oMo HEHERE
2 n o o=

W on o’ ]

PRBS® 4 B A&
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Energy Spread

B Energy spread by Pseud-Random Binary Series (PRBS)
— Process to each layer’s transmission TSP
— EOR to signal without sync and PRBS at every bit
— Initialize at each OFDM frame, initial value:
1001010100000000
— Generator polynomial for PRBS g(x)=x15+x14+1

~

— ®
PN MMM MMM L)
1 2 5 6 7 & 0 B ou B

n o

Output

Generation circuit for PRBS
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Interleave (1)

B Purpose of interleave
— Normally, transmission error occurs as burst
— Error will be randomized by interleaving
transmission data
— Operate channel coding more effectively

m  Process of interleave
— Convolved interleave is to make bit or byte data go
through different depth buffer, result in changing
the order of data
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18— —7 (2)

B BHAHNAE—)—T
— BE12/8 1k
— BN DRDISAMEBEDLEN/ SREET

[ 3
-
1A TR RS
n
—e
FIFO 37 w
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Interleave (2)

m  Convolved interleave
— Depth 12 byte
— No-delay path is used after synchronization byte

o Jubpe}l— @

——— 1ldbye ————8

— o—— 1T —o -—

Switch at every byte

- 171 byte —

FIFO shift register
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RFFSRYETIE (1)

B XU Fr—RBHAHHFE(M/NBHAH)
— THY—O—FEAREK=7, HFEEHERL/2 (2FEIHEX)
— 4K BERG1=171oct, G2=1330ct
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G1=171 Octal pi
—C—q@—* D —&=-D —
—
T
p—
AT
G2 =133 Octal

Inner Error Correction (1)

B Punctured Convolution Code (m/n convolution)
— Mather code length k=7, coding rate 1/2 (twice)
— Generator polynomial G1=171oct, G2=1330ct

G1= 171 Oetal

X
- L
Data i
nput |
D —‘—-D_l—Q—-D [#~D —D [4~D
- \\ o
—~ -
\k\:‘,'\"f " Y
tF - Cuput
G2 =133 Octal
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RFSRYETIE (2)

B AFSOFSEHRLREESRI

X ¥y V2

X ¥p Vo X3

Xy V1. Y2 X3 ¥y X3

Xy ¥y Vo ¥ ¥y X3 ¥ X7
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Inner Error Correction (2)

Coding rate and series for inner error correction

Coding

rate Puncture pattern Transmitted signal series
X:1
3 N1. ¥y
V2 - 1.¥1
3 XM Ty
314 ¥). V). Yo X3

¥1.¥p. Y2 N3 ¥y N3

Xy V1. Vo, V3. ¥y X5 Yo X7

TILFAT47EIEL AT L / Multimedia Distribution System 26

Fr)7EH (1)

m  DQPSKZH (ZEMMELIHERIEZEA, Differential
Quadrature Phase Shift Keying)
— ERSNADDEBIZTNETN2EVLDT—REEIYH TS
AR
— QPSKHIEHZEEEMICHE RO GRISHIESEHDIZRL.,
DQPSKIFERTD#E KENENEFIALTIERES XD
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Carrier Modulation (1)

Differential Quadrature Phase Shift Keying (DQPSK)
— Two bit data is assigned to each modulated 4 phase

— DQPSK use difference with the previous carrier,
where as QPSK directly corresponds to carrier phase
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Fr)TEHR (2)

m  QPSKZEH(MMEHMEIRFE LR, Quadrature Phase Shift
Keying)
— WEROMBOELI4DDEEE-EEAR
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Carrier Modulation (2)

Quadrature Phase Shift Keying (QPSK)
— Four values are assigned to the phase of carrier

Qlevel corresponds to b1)

Q0 e
g . EIEETE

*
: 1 . I(level corresponds to b0)
Y 1 i
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Fr)TEHR (3)

B QAMZE (EXRAEIRIEZE, Quadrature Amplitude
Modulation)
— ZEMASK(Amplitude Shift Keying, IRIBFRBER)EZE
REMEERTHILT, MAEILLRBEELEEAEDEE

AR
— LOURLBEYENSRERE ZTES-OEEDELAR
L

— YURIVEDIRNE - (IAEBEREAEL A2 BT, BELTHC/N
EEIEPSKAEEIZLER B EF L
— ISDB-TTIE, 16QAMEBAQAMMEFEIN TLVS

JNVFATFERIEY AT L / Multimedia Distribution System 31

Carrier Modulation (3)

B Quadrature Amplitude Modulation (QAM)

— By multi-valued ASK (Amplitude Shift Keying) is
modulated with orthogonal phase, amplitude and
phase are combined and thus modulated

— Good transmission efficiency since there are many
status for 1 symbol

— Needs high C/N ratio compared with PSK since
amplitude and phase distance between symbols are
short

— 16QAM and 64QAM are prepared in ISDB-T
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Fr)TER (4)

B 16QAMDi+EE

Qb1

(1,0.0,0 (1,0.1,0)}(0,0.1,0
. T
+3

ARIVES B

(b0.b1 b2 b3
L]

(1.0,0.1) (1,01, 1110.0.1,1} {0,0,0. 1}
L] . - ® L]

a0
. * -

(1,1,0.111,1.1, 140,1,1. 1
. s e L)
{1,1,0.0) {1.1,1,0){0.1,1.0) {0,1,0.0
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Carrier Modulation (4)

®  Phase map of 16QAM

Q(level corresponds to b1,b3)

11,0,0,0)1(1,0,1,0. 0.1.0) (b0.b1,b2,b31H0,0.0,0)
. L) L]

I(level
t0 b0,b2)
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SWERDERAR (1)

m OFDM (EXEAR#7EIZEA, Orthogonal Frequency

Division Multiplex)

- ZROMEREFERL, ERTHESROLMEIBEY S5k
REETERXRTHLIICL, EROFEE—HEREHET
BRBHEEEDFATEIAR

— EROHERICTERMERIEERLSALLSND

— YIXYUTEERT—IIERFEFT)7ILITVXLERANTH
I

- BRROBE, TILF/RRICLDEFE TS ORRBRIRYE
(Fx—U ) FITRMEEERED
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Multi-Carrier Modulation (1)

®  Orthogonal Frequency Division Multiplex (OFDM)

— Many carriers are used, modulated signal phases
are orthogonal in the neighboring carrier, frequency
band of carriers are partially overlapped

— Each carrier uses QAM

— Subcarrier are distinguished effectively by using FFT

— Tough against high frequency attenuation, band
interference by multi-path, frequency selectivity
(fading)
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m  OFDM® K%

Rage bl k1

[ LET )

ﬂ

{\J/\ V‘L AN

TLFATAFEIEV AT L / Multimedia Distribution System 37

Multi-Carrier Modulation (2)

®  Frequencies of OFDM

Frequency of OFDM

Signal Power

“f\w A

Frequency |

TILFAT47EIEL AT L / Multimedia Distribution System 38

VSB

m  VSB (BBHEET, Vestigial Sideband)
— EREMEROEB TRET HIRIBERA X

— HIESEREBEFALLERBARINS LI, #EKERK
F#hDELT, TDEBDARIMS LATEA QBRI FE
£ %)

— IhEZOFEEET SN HADSB(double sideband: Ml
)R, LEKREHIVETERFEOVTAN—AETEE
#F BARMNSSB(single sideband: BAEF)EETHD

— VSBIZDSBESSBOHMEIZHEHNTEARTHY, BEMLF
BEBILILAORBNFARETHHIEMND, T4 IL2DEET
FRBAFHEE R ONLT, HETIARFORARINS LE
DLBEBIETRETHAR

— ATVTIZ8IEVSBZEALS
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VSB

m  Vestigial Sideband (VSB)

— Amplitude of carrier is modulated

— Normally, modulated spectrum is located at the
upper and lower side of a carrier frequency

— If both sides are transmitted, it is called DSB
(double sideband), if one side is transmitted, it is
called SSB (single sideband)

— VSB is in between DSB and SSB. Since idealistic
filter implementation is impossible, roll-off
characteristics is relaxed. As a result, some
remained spectrum can be included in VSB.

— ATV uses 8-VSB
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— HBEHHRINEEBICENT, BNREGEETLREICTIE
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Trellis Coding

m  Trellis coding
— Modulation which enables efficient transmission
under band-limited channel
— Itis a kind of convolution coding (r,r+1), applied to
symbol, not to bitstream
— 14.4kbps-34.3kbps modem use trellis

Example of trellis diagram
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RERFAFSEICE TS —MmiE

B IS—MHEFSOEA
— {E#Golomb#& &
— Reversible VLC

R
- RZARREH
- BEHiIv—H—
— T—AN—TFT12a=vy

B IS5—ari—)LAvk

Error Resilience at Source
Coding

B Introduction of error resilient code

— Exponential Golomb code
— Reversible VLC

B Synchronization

— Slice header
— Re-sync marker
— Data partitioning

B Error Concealment
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fe#GolombfF 5 Exponential Golomb Code

m  E#HGolombH &
— MPEG-4 AVCIZHEWTERA
— EOFeAVEREBRLT—4ICHEA
— Prefix (“0"ME#E) + Separator (“1”) + Suffix (“07/1”

DHAEDHE)
fE#Golomb& 5
1

0 1 X

00 1 X X

000 1 X X X
ooo0O0 1 XX X X
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B Exponential Golomb Code
— Adopted in MPEG-4 AVC
— Apply to important data such as picture header

— Prefix (Consecutive “0”) + Separator (“1”) + Suffix
(Combination of “0” and 1)

Exponential Golomb Code
1
0 1 X
0o il X X
000 i, X X X
0000 1 XX X X
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Reversible VLCEBRIEIv—hH—

. WAHREVLC
— MPEG-4T#RR
— EVFRMN—LHRTHEAEANSTL—EITESTEE

. BRfAY—H—
— RSARBTRALT—EO—EMBTHEA

. F—AN—F4qaz=y
— BERIMUBEREDCTRIME D BE(E—arY—h—I2&D)

1T +—
ke I e o DI S
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Reversible VLC and Re-sync
Maker

m  Reversible VLC
— Adopted in MPEG-4
— Uniquely decodable from reverse direction in a
bitstram
B Re-sync marker
— Inserted with a constant period, not every slice
B Data partitioning
— Separate motion vector data and DCT data by
motion marker

R Mot i ke
te-sync otion e-sync
DCT Coeft DCT Coeft,
Marker Marker | OCT o Marker
(Rev. V) (Rev. LVG)
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Motion Vector
data

48
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I5—avi—ILAVE

B I5—a U —LAVE
— DCTHREIZBYAHZES
o BERIMNLEAVTENOIL—LEEBMALTEBER
— BERIMLIZERYLHDES

- BROIL—LOERETIOT O EMHIZIE—L TR
3

— RSAANVEIZBYDHDIHE
- RDASARATEYPE@EE

o BERTAADT—RIERMDIL—LDRATA RAEERET
E—L TRt
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Error Concealment

B Error Concealment
— Error in DCT coefficient data

« Image is created by applying motion vector to
the previous frame image

— Error in motion vector data

= Copy and paste of the previous frame image with
macroblock basis

— Error in slice header
= Recover synchronization at the next slice

= Missed slice data is pasted by copying the
previous frame image
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