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B Specification of terrestrial TV broadcasting (Contd.)

Carrier Single Multi —carrier ~ Multi-Carrier Multi-Carrier

Carrier (CPFDM) (CPFDM) (BST-COFDM)

Modulation  8-VSB QPSK,16QAM, QPSK, 16QAM, DQPSK, QPSK,
MR-16QAM,  MR-16QAM, 16QAM,
64QAM, MR-  64QAM, MR- 64QAM
64QAM 64QAM,

256QAM, MR-
256QAM
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Multi-path

Same
frequency
connection

Mobile
receiver

Impulse
noise

Operation
at segment
unit

location USA, Europe, Russia, , Japan, Brazil, Europe Korea China
Canada, Turkey, Australia, Argentina, Peru, (mobile
Mexico, South Africa, Saudi Chili, Venezuela, )
Korea Arabia, India, Ecuador, Bolivia,
Indonesia, Thai, Philippine
Taiwan
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B ISDB-T Basic Scheme
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B Error correction to TS packet after re-multiplexing
— RS(204,188)

e 51 byte 00,y is added in front of the input data
at RS(255,239)

After coding, heading 51 byte Is removed

Random 8 byte error in 204 byte can be
corrected

— Element of RS
e Defined in GF(28)
e Primitive polynomial p(x)=x8+x%+x3+x2+1
e Generator polynomial for short RS(204,188)
9(x)=(X-AO)(X-A)(X-A2)... (x-M15),  A=02pex
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(a) MPEG2 TSP

(b) RSHFFIZL TRV (R ({=1ETSP)
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B MPEG-2 TS and transmitted TSP

Sync byte Data
(1 byte) (187 byte)

(a) MPEG2 TSP

Sync byte Data Parity
(1 byte) (187 byte) (16 byte)

(b) TSP with error correction by RS code (Transmitted TSP)
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B Divide TS in every 204 byte to designhated layer after
re-multiplexing, error correction coding

Maximum 3 layer (ex. STD-TV 3 channel)
Minimum 1 layer (ex. HDTV 1 channel)

TILFAT 4T EIEL AT L / Multimedia Distribution System




IR)ILXF—I6ER

B SFUSUALFERYI(PRBS)IZEKAIRILXF—ILAEL
— BERBOIEETSPICRLTHE
— FEANAFEBRUEE LPRBSEDE yE LD HEfth R EHIERD
— OFDM7L—AL&EIZ#)#A1k, #IH#A{E: 1001010100000000
— PRBSOAEKZIERN g(x)=xD>+x14+1

8 10 M 12 13 14 15

PRBS® 4 ik [E] B

TILFAT 4T EIEL AT L / Multimedia Distribution System




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)=x%>+x14+1

9 10 1 12 13 14

Generation circuit for PRBS
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(1)

B Purpose of interleave
Normally, transmission error occurs as burst

Error will be randomized by interleaving
transmission data

Operate channel coding more effectively

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

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

(32 =133 Octal
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Puncture pattern

Transmitted signal series

X1
Y1

Kl‘ Yl

X:10
Y 11

Xy. Y. Yo

X101
Y110

X1.Y]. Yo. X3

X:10101
Y:11010

X1.Y1.Y9. X3 Yy. X5

X:1000101
Y:-1111010

X1.Y1.Y9. Y. Y4. X5. Y. X7

TILFAT 4T EIEL AT L / Multimedia Distribution System




B DQPSKZFR (ZEENmAE{B{RFE LR, Differential
Quadrature Phase Shift Keying)
— ZIRSINFADDHMBIZENEN2EVRDT—2ZEIYATS
A
— QPSKMNEHMZEEMIHHE KD LAISH SIS EHDITHL .,

DOPSKIZERIDHERENDENZFRALTEHREESZS

TILFAT 4T EIEL AT L / Multimedia Distribution System




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

Q(level corresponds to bl)
b0 b1)=(0.0)

_I(level corresponds to b0)
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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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I(level corresponds
to b0,b2)

(1.1.0.0) (1.1.1.0){(0.1.1.0) (0.1.0.0)
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B 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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B Freqguencies of OFDM

Frequency of OFDM

S
)
3
<
a
S
c
2
n

Frequency

At center frequency of each
subcarrier, power of others are
0, thus easily separated
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VSB

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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m Trellis coding

— Modulation which enables efficient transmission
under band-limited channel

It is 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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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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B Exponential Golomb Code
— Adopted in MPEG-4 AVC
— Apply to important data such as picture header

(Combination of “0” and 71”)

Exponential Golomb Code

1

1
1
1
1
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Reversible VLC and Re-sync
Maker

Reversible VLC
— Adopted in MPEG-4

— Uniquely decodable from reverse direction in a
bitstram

Re-sync marker
— Inserted with a constant period, not every slice
Data partitioning

— Separate motion vector data and DCT data by
motion marker

—_ | | 44—

Re-sync Motion Vector | Motion Re-sync

Marker data Marker Bg;l’aCoeff. 5;; Coeff. Marker

(Rev. LVC) (Rev. LVC)
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Erro

B Error Concealment
— Error in DCT coefficient data

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

— Error in motion vector data

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

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

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