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i 2: Analog—Digital ==

@] Analog Color TV Systems: NTSC, PAL, SECAM
@ Similarities:
— Backward compatible with b/w TV systems
— Chrominance high with frequency interleaving
@ Differences:
— Color bandwidth
— Color modulation method
— Stereo/Bi-lingual systems

[ Digital TV Systems: ATSC, DVB, ISDB
@ Similarities:
— Video compression method is MPEG-2 Video
— Multiplexing and transport method is MPEG-2 Systems TS
@ Differences:
— Audio Compression method
~ Modulation method

= -3-
£ EXRE Proprietary USSP L
Radio & Broadcasting Technology Laboratory

Ji : Digital Television ETAI

- As a branch of Digital Communications
“Efficient and Reliable” Transport of Information

!

Source Coding: Channel Coding:
- Governed by Rate-Distortion Theory - Channel Capacity
- Redundancy Reduction - Error Protection
- Lossy and Lossless Data Compression - Additional Redundancy/Complexity

4~8Mb/s,

216Mb/s, 18~34Mb/s

1.5Gb/s

£ EIRA propr ietary fdgglieTL
Radio & Broadcasting Technology Laboratory
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("« Wireless Networks

Vid - Satellite

ideo - Terrestrial
—

“<

TS < -LMDS

« Cabled Networks

Audio[ gio Encoder |—> - B-ISDN
- -HFC
- FTTH, PON

\. -FTTC, xDSL

TS: Transport Stream

MMDS: Multi-channel Multipoint Distribution System
LMDSL: Local Multipoint Distributi yst

HFC: Hybrid Fiber-Coax

- i FTTH: Fiber to the Home
* MPEG-2 Video and Systems Spec. FTTC: Fiber to the CarbiKarb)

are tf.le‘ single w_o[ldwide standa!rd PON: Passive Optical Network
for Digital Television Broadcasting. xDSL: Digital Subscriber Line(ADSL,HDSL,VDSL, PowerDSL)

System data

fMYEINSHTL -5

i ¥CXIRE Propr ietary
Radio & Broadcasting Technology Laboratory

MPEG-2 Video:

ISO/IEC 13818-2

SE.YEI|EHATA 6=

i EEIRA Propr ietary
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Data Compression Standards™

ITU-T

Joint
ITU-T,
ISO/IEC

/
ISONEC (ecd)—.

JPEG: Joint Photographic Experts Group

Fete MPEG: Moving Pictures Experts_Grou
% EXRI Proprietary —?—@-Qé‘JIi‘Egi P G@roup

Radio & Broadcasting Technology Laboratory

MPEG-2 Video Encoding ==

@ Lossy Compression
@ Temporal redundancy elimination: Motion compensated prediction
@ Spatial redundancy elimination: Discrete Cosine Transform
@ Linear/Non-linear Quantization

] Lossless Compression
@ 2D-VLC(Huffman Coding): (Magnitude, Zero-Run Length)

.................... .
! Input Video § Rate
i Analyzer i > control [¢
4 c d
! Video 7
Out
Lossy _| Lossless Bitstream
Video In Compressor " | Compressor Buffer »
25 KR propr istary fAYSINEARL s
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MPEG-2 Video Encoding: ==

Rate Control
Quantizing Tables
e 601 }
Vidgeo
i S “g oCT e @ Entropy Coen HUx Butter
- 420 oy opY i ,__r*m.
4 Y ['Y Compressed
Pradictad Vudeo
Frame Data
Predicted
Frame
Storage
Motion verts
and Contros Anchos Frames
Storage
ASotion SOt Yectors
Group of Picture Controt
£ EXR Propr ietary fdgsIgATL e

Radio & Broadcasting Technology Laboratory

Temporal Redundancy Elimination==

Search Area

Macro Block 7
16X 16 Pixels

Motion Vestor

5 -10-
i ECTIRA Propr jetary S8R A
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Spatial Redundancy Elimination ==

720 Pixels

512/608 Lines _ 8x8
(Pixels) ™ Pixels
Picture Sample Values DCT Coeflicients
% BTV propt ietary ; TS PeTEN “h-

Radio & Broadcasting Technology Laboratory

MPEG-1 v.s. MPEG-2 ETRI

@ MPEG-1 Frame
@ MC-DCT + 2D-VLC I I I
4@ Frame based

(=] MPEG-2 HECRE- I
@ MC-DCT +2D-VLC = r o ouo
@ Field/Frame Adaptive —— )
Frame Field
MPEG-2 can handle interlaced pictures well.
& EXRA propr ietary o M gEIRHRA e
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MPEG-2 Coding Scheme ==

Picture
Sequence

\ ]

I-Picture
Coding

P-Picture .
Coding A

B-Picture
Coding

B: B. \ B' B" B‘z

# XA Propr ietary RE-gHIAIL
Radio & Broadcasting Technology Laboratory

-13-

MPEG Processing Order ==

GOP(12, 3)

le S
input EJI&JI Pu][e (e L2 (= [ 80 [ P [ B [ B ] s |

\ time’
Encoding il e oo e L Lo e Lo L oo P L o] e ko] 2o 2]

| -

——
time
Transmission {}

AR N

Decoding
~ ~ time
™~ ™~ ™~
Display (e e &) (e (e [Pe T e Lo [ Po 1[(e (8 [P v [ B [ 1]
time;
% ETR propr iotary ' Sd.YaNEATA e
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MPEG-2 Traffic ETRI

Relative Coded Bit Size in MPEG

B3 Il-picture
3 p-Picture
B8 B-Picture

Coded bit size

—15-

P-AEINEATL
Radio & Broadcasting Technology Laboratory
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MPEG-2 Traffic Characteristics: ==

An Example(Bear sequence, Qs=10)

o 140000 'BEAR_SEQ.DAT" —
£ 120000
i
g 100000
& BOOOD
5 go000 |
3 !
® 40000 | (
o
& 20000
© 0
0 200 400 600 800 1000 1200
‘ Framj scale
o 40000 'BEAR_SEQ DAT —
E 120000
= 100000
a 80000 |
§ 60000 MAAA;\
§ 40000 | ,l l l ‘ l L
§ 20000 WAL Il
0
450 500 550 g0

Framesgaley ) & 01 74

£ EXIRA Propr ietary
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MPEG-2 Traffic Characteristics

it
g
3

i

¥

A Conceptual Model for MPEG Encoding

Picture Quality ?

Bits
Bits
MPEG Encoding d I

>
'

R
-_ ¢

Fast process | Bits
GOP level
(~400ms)

t

Slow process

Scene level
(~ several seconds)

MPEG Coded Traffic

; . -17-
i EEXR Propr ietary FH.FSIEA7L
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Delay and Buffer Size

Sender Network Receiver

| | Encoder Decoder ] '
Encoder > ——> )| Decoder
] ] Buffer Buffer | |

- MPEG needs rather a large buffer(SDTV: ~1.8Mbits, HDTV: ~8Mbits)

cf. H.261(64kbps: ~8.5Kbits; ~133ms delay)

o, 18-
£ EIRA Propr ietary PRI AL
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Encoder-Decoder Buffer Behavior: CBR Case ETHI

Encoder Buffer

2, ~19-
&2 JEXRA Proprietary fE-gSIEAFL

Radio & Broadcasting Technology Laboratory

ETAI

MPEG-2 Systems:

ISO/IEC 13818-1

s ~20-
% XA Proprietary PU.YEISHAL
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MPEG Standards

Video

——>1 Video Encoder

Audio

———>»4 Audio Eﬁcoder

Data

ES ES Video

. ——>1 Video Decoder }——>
PS or TS 13818-2

System| - | System i

Mux Demux _ Audio

> 4 — Aut:lllgslzescgder >
13818- .

Data

2 BRI Propr ietary

P -21-
RUHLUBIEAIL
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MPEG Systems Standards TR

Data

Audio|
—>1 Audio Encoder

Video ES
—=] Video Encoder m

Y

# ECEIRE Proprietary

=] PES Program
PS Stream
Packetizer mux >
Transport
TS Stream
Packetizer | mux >
System
Multiplexer

ES : Elementary Stream

PES : Packetized Elementary Stream
PS : Program Stream

TS : Transport Stream

fu-YBINEATA 2
Radiv & Broadcasting Technology Laboratory
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MPEG-2 Systems Layers ST

e .

PES Packet
Layer

PS

€ > ) Compression
. Layer

” = -23-
Ze EXRA Proprietary LESSNeHRL
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MPEG-2 Systems Functionality ™
* Multiplexing(STD-Model)

« Multiple Programs

« Multi-media Multiplexing in a Program
+ Packet Based

« Transmission Medium Independent

* Synchronization(Timing-Model)
+ Absolute Time Identification
» Synchronized Presentation
+ Buffer Management

o, 24—
% IR Propr ietary fE-AHIISHTL
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Constant Delay Timing
Model :

—25-

fj? ETRA Proprietary gL
Radio & Broadcasting Technology Laboratory

System Timing Model et
Channel
(Constant deiay ) Decode
L (Constant delay ) . l
i Vid
Video - ) Oluteo
In Video PES R .| PES De- Video |
Encodef Packetizer PS, PS, i packetizer Decoder
) TS R TS L3
PTS, DTS Mux —*| DMUX PTS, DTS Audio
ll\udb - - Out
n_| | Audio| .| PES PESDe- | | Audio} |
Encoder Packetizer packetizer Decoder
A Y ] 2
PTS || PTS
PCR PCR
;«3 IR Propr ietary RE.gBINEHIL 26~
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PCR Generation ErRl

system_clock frequency | o 300 sussttr tipple_carry 00 2 counii
02209 - ot
27MHz 90KHz :
ﬂ( 9bits Hf 33 bits
PCR_ext(i) PCR_base(i)

e MPEG-2 : 27TMHz
* MPEG-1 : 90KHz

: -27-
i ETRIE Proprietary eS| SHIA
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System Clock Recovery =T

Mod 2 ¥
Counter

System Time Clock - f System Clock Frequency

] Initial Load

SINKE s
% TR Propr ietary fd-gSINEHFL
Radio & Broadeasting Technology Laboratory
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STC Tolerance Spec.

* Accuracy : 27MHz +/- 30ppm
* Rate of change with time : 0.075 Hz/sec

od

1
A P7MHz - 810Hz | \ pr.000MHz | \ R7MHz + 810Hz |

- System Clock may be locked to the Input Video
-+ System Clock may be locked to the Input Audio

% = -29-
w2 B Propr ietary —‘?—@Qs]l%g?i
Radio & Broadcasting Technology Laboratory

Time Stamp Coding-| T

* PTS, DTS
- Reside in the PES packet
- Intended time for AUs to be presented or decoded
- Coding interval : less than 0.7sec

* SCR, PCR

- Sampled value of the encoder STC at the time of
transmission.

- Coding interval(SCR) : less than 0.7sec

- Coding interval(PCR) : less than 0.1sec

2 = -30-
& WCXIRE Propr ietary 2H.YHINEHP L
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Time Stamp Coding-li =T

* PTS, DTS Coding N
PTS(k) = ((system_clock_ frequency x tp_(k))DIV300)%:2%

DIS() = (system_clock_ frequency xd, (k))DIVsoo)%f? |

* SCR, PCR Coding

PCR(i)=PCR_base(i)x300+PCR_ext(i)
PCR_buase(i) = ((system_clock_ frequency x t(i))DIV300)%2*
PCR_ext(i)=((system_clock_ frequency x t(i))DIV1)%300

28 2ENEHRL -
Radio & Broadcasting Technology Laboratory

T-STD Model:
Transport Stream
System Target Decoder

Radio & Broadcasting Technology Laboratory
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T-STD Objectives i

* To specify a standard,
- independent of bit rates,
- independent of implementations
- CBR/VBR

To provide models for
- data delivery
- timing

To specify the virtual platform for MPEG-2 decoder.

*To specify a tool for verification of application correctness.

P RIES PP 38

i EXIRI Propr ielary
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T-STD Motivations Ll

* Multiplexing schemes

1) Scheme A
{alslclals]clafefclafo]c] [ale]cfalelclalalc]aln]c]e-

2) Scheme B

I | !
[alalaTaTalalalslslalslsls s c e fcfc]clccfalafalala] =

From channel
e, %,
;

» The effects of multiplexing schemes on receiving buffer.
- What will happen if the burst duration is long ?

* Source traffic control parameters
- peak rate
- average rate
- burst duration

# ETR Propr ietary fd.UEIHTA
Radio & Broadcasting Technology Laboratory

—34-

177




Leaky Bucket Concept G

* The “Leaky Bucket’ is a useful tool for traffic policing
- To prevent network congestion

- To detect the violating cells of nonconforming
sources

* The “Leaky Bucket’ Parameters :

- the leak rate
- the token pool size

* There are several variants of the “Leaky Bucket”.

- * o -35-
o ETR Propr ietary fd-gsINRBIL
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Operation of the “Leaky Bucket” ==

LB Operation

1) Tokens are drained off at a constant rate
from the token pool(at the leak rate).

' 2) when the token pool is empty, no tokens
| are drained from the token pool.

3) if the token pool is not full, an arriving cell
enters the network immediately, and at the
same time a token is inserted into the token

pool .

Sl L] 4 The arriving cells that arrive when the
token pool is full are discarded.

¥ Draining '
| tokens(Rate=FRleas) |-

SRR R

- B - -36-
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Ideal Decoder Model

To other
elementary stream decoders

Transport
Stream

( T_decode(i)

* ltems to be specified
- the size of TB, BSsys (BSsmooth, BSdec)
- the leak rate R,
- the decoding process(decoding times)

-37-
2 EXRE Proprietary R SBIEHPL
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MPEG-2 T-STD Model T

Rx, Rbx, A0
ud, ()
18, | dime, | Es,
i-th byte of
Transport Stream J-th access unit k-th presentation unit
y 7o
— o
1(i) ° A6 Audio Pk
td, G N
o Rxn n(]) 'pn(k)
TB, B, p——| D.
R Syst trol
TB,, Rx,, ystem contro
» ” B, I |bp,
{5 TR proprietary RESEINEFATL 38
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T-STD : System Decoder xR

. System control
| B, |5l g ————-———»

* Transport Buffer
- TBS,s: 512 bytes
- Rx,, rate : 1.0 Mb/s
* Main Buffer
- BSys: 1,536 bytes
- Ry, rate : max{80Kb/s, transport_rate(i)*8 bits/byte/500}

¢ Buffer management

- TB,s shall not overflow,
and shall empty at least once every second.

- B, shall not overflow.

_39-
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T-STD : System Decoder(cont’'d) =

R
R TBsys _.—’-‘§¥A.~...>‘ B

Ry System control
8yS

¢ Input Data of the System Decoder

includes TS packets for system information which ere used for decoding of the selected program.

- PAT
- CAT
- PMT

¢ Note that the NIT is not transferred to TBsy..
¢ Also note that the EPG or Sl are not transferred to TBsy..

- o ~40-
% TR Props ietary FH-gBIISHETL
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_I-STD : Audio Decoder =T

m, |Ra s 5 |0 ;’ Audio

* Transport Buffer
- TBS. : 512 bytes
- Rx, rate : 2.0 Mb/s
* Main Buffer
- BSn = BS...+ BS.. + BS. : 3,584 bytes
(BS.. + BS.. <= 2,848bytes)
- R, rate(decoding time)

¢ Buffer management
- TB. shall not overflow,
and shall empty at least once every second.
- B, shall not overflow nor underflow.

& ETRE Proprietary fHYSIEAFL
Radio & Broadcasting Technology Laboratory
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T-STD : Video Decoder ETH

R AG)
s i) \*’m
4 Pl
| 1B, |disl] MB, EB; :{> »o (k)

* Transport Buffer

- TBS: : 512 bytes

- Rx, rate : 1.2 * R,.[p,l]
* Multiplexing Buffer

* Elementary Buffer(i.e. VBV)

¢ Data Transfer from MB to EB
- Leak Method
- VBV Method

& EEERA Propr istary RE-YEIEATL
Radio & Broadcasting Technology Laboratory
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T-STD : Video Decoder(cont’d) =

vF
Rxl Rbx; . d{g; o o\ Py(K)
»| B || MB, >| BB | Dy i
¢ Multiplexing Buffer
1) Low & Main Level

MBS: = BSaux + BSoh + VBVua[p,1] - vbv_buffer_size,
where  BSmux = 0.004 seconds * Ruas[p,l],
BSon = (1/750)seconds * Rmax[p,1].
2) H1440 & High Level
MBS: = BSuux + BSon N
where  BSmw = 0.004 seconds * Rmu(p,]],
. BSa = (1/750)seconds * Ruma[p,l].
3) MPEG-1 CPBS
MBS: = BSnux + BSa + vbv_max - vbv_buffer_size,

where  BSmux = 0.004 seconds * Ruax,
BSen= (1/750)seconds * Rumax.

I a5
& EXRA Propr ietary FHYEI2HIL
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TS =2 A8 Oj& e

ETS&8S S5
WPSIZES AA HEHd HR
m S| 2& AtE
@®PCRES =) £ XIH,PCR 3 &%
@PTS, DTS &5 =]
@ T-STD & & 2d&
@ T-STD buffer overflow/underflow
@1 second 72 9Pt
[w] Syntax, Semantics & & &
@] 61 Jt=l Id(Format_Id, S) &+ 0 2

- P —44-
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H i onstant
S Encode

> [eronte] 2

] ]

S, Encode Decodel
buffer a buffe;

X CZ O

xXC=
v
Y

Encoder @ Decoder
Reference Reference
Clock Clock

- Decoder reference clack is slaved to that of encoder.
- Decoder buffers are managed by each DTS(Decoding Time Stamp), i.e. the time when
a coded unit of a picture leaves the decoder buffer is explicitly defined by DTS.
- System delay D__must be chosen such that,
D, = max(d, i=l,..,n}.
- For each path to have the same delay, delay compensation must be done somewhere in the path.
When MPEG-2 TS is adopted, it should be done at the sending side.

SRR 46
fd.g8IsARL
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Delay Difference between Video and Audio

S S

audio o

video virtual channet

video in BUF
audlo virtusl channsl

audio in ;- > svstem vittysl chengel

® Assume that the the encoding and decoding delays are zero seconds, and that the transmission is CBR.

xc=Z |

DEC

® Video Data Transmission otal_buffer._si
. ola — U er_ size lccoder _video _ patl
- video data delay : deluy o, = T —

1ideo

® Audio Data Transmission
- audio data delay : delay, ., =

total _ buffer_ size,,,,,., audio_path

bit_rate,,,,

¢ Delay Difference :  delay difference,_, = delay,,,, - delay,,,.,

a

¢ [f the Delay Difference, ,is not zero seconds, what will happen ?
and which one is responsible for this ?

S«j:f EXRAE Propr ietary FH.SBINEATL
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Delay Difference : An Example

video oul

DEC

weoinyl NG BUF

M video virtusl channel
U
X

audic virtual chsnnel

audio ol
audio in ENC BUF system virtual channel
- N

® A video stream compliant to MPEG-2 MP@ML with 6Mb/s rate and an audio stream compliant to
MPEG-| Layer-Il with 384Kb/s bit rate are multiplexed into Transport Stream, in this case the delay
difference can be calculated as follows.
TBS +0.004* R __[p.1}+ (7) * Rou[ P, 1]+ VBV .,
bit_rate,
_ 239,888hyte * Bbits | byte
N 6 x 10°hits / sec
=0.31985sec

delay,,., =

viden

#086pyre+ 8o byre

3
384 x 10 bits/sec

delaymdm =

v eer N AN ae

® This calculation shows that audio is always decoded 235ms in advance compared to video
in this configuration.

- R . _an-
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Delay Difference Compensation* =

Constant delay

A\

> video auj

video in
video virtual channel

audio virtuat channel

system virtuai channe

N audio oy

audia in

delay compensation

>

Role of the transmitting side

® T compensate the delay difference between the video data and audio data, the transmitting equipment
must have the functionality to delay the audio data in the case of TS stream.

® 1n actual case, the encoding delay is not equal to zero and the encoding delays of video and audio are
different.
For instance, the video encoding delay is 3 to 5 frame times depending on the coding schemes used, and
the audic encoding delay is about 2 to 3 audio frame times. If we assume that the video encoding delay
is 5 NTSC frame times and the audio encoding delay is 2 audio frame times(e.g. MPEG-1 Layer II, 48KHz
sampled audio), the encoding delay difference is about 119ms. This value is too large to be ignored.

Therefore the encoding delay difference must be compensated in the transmitting equipment in actual
implementations.

SHgAIEN DA 48
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AV Sync. Test Set-up and Test Signal &
Video rh W

Flash Frame AV Test Signal
Audio
Test AV Encoder TS .
AV o > & }—»| Mod.-HPA-Channel
ource TS Mux |®

TS

®

Ref. Demod.

Test AV Source : Known AV Sync. source

@ : Check Encoder/Mux conformance.

@ : Check TS path(Mod., Repeater, relay, ...) conformance.

o, P -50-
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Summary and Discussions ==

W] MPEG-2 Encoders has a long way to go .

@ MPEG-2 Systems Timing Model and STD-Model violations are

found here and there.

@ TS analysis techniques are still pre-matured(real time

analysis).

E 5o-
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