MPEG-2/MPEG-4 System J|=

NEAE U=t u
HATHIIBREHESR

2 25t (yhkim@uoscc.uos.ac.kr)

e A2EIAE

MPEG-2 Systems

233




Parts of MPEG-2 Standard

v Part 1:

v  Part 2: Video
v’ Part 3: Audio

v Part 4:
v Part 5:
v’ Part 6:
v’ Part 7:
v Part 9:

Systems

Conformance testing
Reference software

DSM-CC extensions
Advanced audio coding (AAC)
Real-time Interface

. ANEARR

v’ Part 10: Conformance testing for DSM-CC extensions

Main Functionality

Video

=] Eg

. fNEINE

Audio

Data

Video Encoder

Audio Encoder H

Y

Program
PS Stream
mux -
Transport
TS Stream
mux —3

System
Multiplexer

ES : Elementary Stream

PES : Packetized Elementary Stream
PS : Program Stream

TS : Transport Stream
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. anEOnE
Details on the encoder side
elementary streams| ,’
for cne (or more} 4, >
programmes —3
‘private’ »
data
service 3 MPEG-2 » arror > E gggg{i‘i >
infarmation i i
raati multiplexer \ protection E modulator
- c I 1 L 2 E L
conditional >
access control WMPEG multiplex
- contiguous siream of §-bit data byies
- no error protection specitied
- no modutation technique specifiet
- giectrical signal levels not specilied
synchronisation - physical connector not specitied
information

Mil\lﬂﬁli&

Elementary Stream (1)

Access Unit vs. Presentation Unit

i Decode

uncompressed digital video stream

(eg. CCIR Rec. 601, 4:2:2) ‘Presentation Unit’

picture picture picture picture

(691,200 bytes) (691,200 bytes) (691,200 bytes) (691,200 bytes)

MPEG-2 Compression to S Mbps

A
1 B a P ‘Access Unit’
compressed compressed compressed compressed
I picture ‘B’ picture ‘B’ picture ‘P’ picture
(100 Kbytes)* (12 Kbytes)* (12 Kbytes)* (33 Kbytes)*

* The actual size depends on target bit-rate and complexity of picture
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Elementary Stream (2)

AUs can have timing information.

PTS or both PTS and DTS

An access unit is the smallest data entjéy to which timing information can be
attribute

(EHO1Y EEDI 80tE = U= JHE &2 U9)
(MPEG2 : frame or field, MPEG4 : VOP)

Video |

Audio

Data from each elementary stream are multiplexed together with information that allows
synchronized presentation of the elementary streams within the program

(Z ESY HIOIE = 11 ES2| synchronized presentation & £ & JHAl 12 multiplexd & CH

" MEMNEY
Elementary Stream (3) & MEMERHA

Creating an ES from AUs

uncompressed digital video stream .
(eg. CCIR Rec. 601, 4:2:2) ‘Presentation Unit’

picture | picture | picture | picture | picture | picture | picture | picture

% ‘Access Unit’

‘Elementary Stream’

(Optionally, an ES can have either ESCR or ES_Rate.)
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Elementary Stream (ES) (3)

(Creating an ES from AUs)

uncompressed digital video stream i .
(eg. CCIR Rec. 601, 4:2:2) ‘Presentation Unit

picturé picture’ ‘picturc ’piqtim; ptctur:e piét;:,m Hpictu_re‘ picture

o

% ‘Access Unit’

‘Elementary Stream’

(Optionally, an ES can have either ESCR or ES_Rate.)

NENERY

VNICEASITY OF S1OUL

Packetized Elementary Stream (1)

(Creating a PES from an ES)

‘Elementary Stream’

PES-packet PES-packet header* PES-packet
payload

* The PES packet header is right where timing information(an PTS or both PTS and DTS)
and optionally, either ESCR or ES_Rate can locate themselves.
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Packetized Elementary Stream (3)
(The types of ES’ which PES packets can have)

Common | stream_id Stream coding
stream id 0x000001 packet_start_code_prefix
5 be program_stream_map

bd private_ stream_ 1
be padding_stream
bf private_stream_2
cO~df audio_stream
eO~ef video_stream
O ECM_stream
£l EMM_stream
[ ISO/IEC 13818-6_DSMCC_stream
3 ISO/IEC_13522_ stream
4 ITU T Rec. H222. 1type A
5 ITU T Rec. H222.1type B
6 ITU T Rec. H222. 1type C
7 ITU T Rec. H222.1type D
8 ITU T Rec. H222. 1type E
9 ancillary_stream
fa~fe Reserved data stream
ff program_stream_ directory

MAMNEEYD

YRIVERSITY OF BEOUL

Packetized Elementary Stream (4)

(PES packet header syntax)

PES-packst

mib / ZSb
ololalolelo ’
clotalololal + PES-packet start code prefix

XXX ~ stream id

m]— PES-packet length
GTOIXIXIXIXIXIX] — flags !

— flags 2
— PES header data length

— presentation time starnp (it present}

&) -] w)

<O o

\ — decoding time stamp (if present}
<
— further optionat fiets

ESCR or ES_Rate

Fig. 4 - A PES-packet header.
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Program Stream (PS) (1) Ebégmswimasystem header :
(Creating an PS from some PES’) oo .

o

‘Packetized Elementary Stream’

video PES

HINANE]}

~ audio PES_

_‘Program Stream’

optional system header

pack header

video PES audio PES , private data PES

packet packet packet

MEMEWSD

BRINEXSITY OF $LOUL

Transport Stream (TS) (1)

(Creating an TS packet from an PES’)

L)

‘Packetized Elementary Stream

SR PO l

. .

\ s \

TS packet payload K adaptation field
packet 5

TS packet header (used to stutf space)

The Unique Rule of cutting or
merging in the ISO/IEC 13818-1

The first byte of each PES packet headers is located at the first available
payload location of a Transport Stream packet




Transport Stream (TS) (2)

Creating an TS containing one program from some TS packets

‘Packetized Elementary Stream’

video PES audio PES

private data PES

I I 1P

P

L1

BiNii

‘Transport Streams containing one program’

PSI {1
VIIVIIANV VD e V
(Program Map Table)

MeAEgYa

YSIVEEEITY DF 50U

Transport Stream (TS) (3)

Creating a TS containing multiple program

S

‘TSs containing a single program’

)

& . 3

; VVVVVVEAAAVVVVV%VDDDDVVVEVV
. .- Itiol ,

(Program Association Table) a TS containing multiple programs
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Transport Stream (TS) (4)

(Adding some PSI tables to TS)

‘Transport Streams containing multiple programs’

5

5]
Evv vitvialvivip

v VVAYVHD

‘Transport Streams containing mulitiple programs’

EVVE}VVAVVDEVV%

VIUVIVIAIVIVED

(Network Information Table)

- ENEOu
i VRIVFRGETY OF 2E0UL

Transport Stream (TS) (5)

(The structure of TS packet header)

188 bytes »

*adaptation field’ ‘payload or data_byte’
(if present) (if present)

sync byte
transport_error_indicator \_0 1 010J0 L1 1] Istbye
payload_unit_start_indicator — =
transport_priority 1 ' — 4th byte
PID (13-bit) msb Isb

(Packet Identifier) e
continuity_counter

transport_scrambling_control adaptation_field_control
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Transport Stream (TS) (6)

(PID)

Packet ID (PID) |

identifies, via the PMT(stream_type), the
" contents of the data contained in the Transport
> Stream packets

ex) Transport Stream packets of one PID value
> carry data of one and only one elementary
stream (only in case PES packet data)

1 PI]_)C 1 ES (only in case PES packet data)
=
/
stream_id (PS::PES)

MEAMERY

EVEREITY OF $EOVE

Transport Stream (TS) (7)

(The types of data which the payload of a TS packet can have)

(B3 28] =XE= stream type)
data byte * PES packet data (including private data (0x06))
(payload)

> PSI sections (including private section (0x05))
> PSI sections + packet stuffing bytes

> User private (0x80~0xff)

v

any value (null packet, PID = 0x1fff)

» Nothing !!! (adaptation field control = ‘10")

242




PSI PAT
(Program Specific Information) (Program Association Table)

PMT ‘
(Program Map Table)

CAT
TS (Conditional Access Table)

NIT
(Network Information Table

descriptor()

descriptor()

i

________ > User Private Table
; by Private section()

PSM .
*  (Program Stream Map) Y descriptor()

PSD
(Program Stream Directory)

i

PS

MgAaqgaa

YREVELSITY D8 FEOUL

Program Specific Information (PSI) (2) »

(A table is split up into sections to transport packet data)

Scrambling% otH ot=l private_sectiongl private_data_bytef M2l

, Transport Stream

v Section packet

Table .

TS only >

. :

4

»

o ° PSI sections <= 1024 bytes >> 188 bytes
* private_sections <= 4096 bytes (TS packet)
1

® payload unit start indicator —————jp pointer field
PSI
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Program Specific Information (PSI) (3)

(PID Table)

Value Description
0x0000 Program Association Table
0x0001 Conditional Access Table
0x0002~0x000f Reserved
0x00010~0x 1 ffe May be assigned as network_PID, program_map_PID, elementary_PID.
or for other purposes
Null packet

Ox1fff
NOTE - The transport packets with PID values 0x0000, 0x0001, and 0x0010~0x | ffe are allowed to carry

a PCR

m um?xt!tﬁrg'g:’ca

2, ) i
rogram Specific Information (PSI) (4 program nunber 0 PID 10 1 t
; program number 10 : P11 100 *—USCI' Select! -
(PID & PSI) A
; prugram numbcr 20: 71200 ¢ :
188 bytes ,:" 188 bytes
o transport stream J < transport stream .
« header | payload L' « header [, payload .
program numbers ®
soo PID 0 program PMT-PIDS | ®**® PID 1 CAT XY
188 bytes 188 bytes [ PMT l )
transport stream . transport stream , 7 iPCR_PID :PID 101}
« header |, payload . + header ], payload o 'stream type 0x02: PID 101
PMT of o stream type 0x04: PID IO7'
of & | AT
PID 10 NIT eee | PID/O program number 10 ] *®®
188 bytes 188 bytes
. transport stream . § transport stream .
« header L, payload . + header [, payload .
video elementary audio elementary
PID 101 | oo of program 10 oo PID 1024 1 roam of program 10| *®*®
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Program Specific Information (PSI) (5)
(stream type assignment)

Value Description
stream typel 0x00 ITU-T | ISO/IEC reserved

0x01 ISO/IEC 11172-2 Video

8 0x02 ITU-T Rec. H.262 | ISO/IEC 13818-2 Video or ISO/EC

11172-2 constrained parameter video stream

0x03 ISO/IEC 11172-3 Audio
0x04 ISO/IEC 13818-3 Audio
0x05 ITU-T Rec. H222.0 | ISO/IEC 13818-1 private sections

ITU-T Rec. H.2220 | ISO/IEC 13818-1 PES packets

0x06 . .

containing private data
0x07 ISO/IEC 13522 MHEG
0%08 Annex B - DSM CC
0x09 ITU-T Rec. H222 1
Ox0a ISO/IEC 13818-6 type A
0x0b ISO/IEC 13818-6 type B
0x0c ISO/IEC 13818-6 type C
0x0d ISO/IEC 13818-6 type D
0x0e ISO/IEC 13818-1 auxiliary
0x0f ISO/IEC 13818-7 Audio with ADTS transport syntax

0x10-0x7f | ITU-T Rec. H.222.0| ISO/IEC 13818-1 reserved
0x80~0xff | User Private

Time Stamps (1)

(the two kinds of time stamps)

access units tagged with time stamps)
from other giementary sireams

access units (coded pictures)

uncompressed N videe ] ,‘coder 3
video in coder —)! ] ' hutfer

MPEG-2

1020) [10.28)[1027) muhiplexer [ PrOgrAMME
1. The time-stamp for the” | or transport

stre
synchronization of an ES seam

time stamp
allocator

.
»

current time = 10.23

programme

clock 2. The time-sta mp for the recovery of System Time Clock(STC)

Fig. 13 - Time stamps are allocated to access units by the muftiplexer.

(Note the allewanoes made ko acoess uait times for the decoder clecky.




4 e MANEdY3
Tlm_e Stamp S (2) for only one program’
(to calculate a bit-rate between PCR or SCR) R

PCR(i') PCR(i")
3:%55 I L9 b . ooe ‘ 2lhits el O b
PCR_base | PcRase | ] BCR ed
s bits " A 3 bits
(byte index) - . ;_ i

® DPCR(i) = system_color_frequency x t(i') < S NA A2

= PCR base(i’) x 300 + PCR ext(i")
PCR base(i’) = PCR(i') / 300
PCR_ext(i’) = PCR(i’) % 300

i”" —~ i’ PCR 2 LH HIO| E &
® transport rate = * HiMEYH t l;-’_
- i) - t(1") 31CHD = A2}
® t(i)=t@E) + (3 — i) / tranport_rate

e MNEINE

Decoder-Side

incaming transport siream y -
) > po video access units compnsing

or programie stream original video elementary siream
admit video
PES data decode video [:]
0 “e— ACCESS UNt
1 buffer
admit clock decoder
reference data clock
o ——] b .
’ Fiv. 14 - A possible
| lecoder.
demuttiplexer — decoder.
audio access units comprising
\ origingl audio elementary stream
fadmit audio 4
PES data decode video
—0 ~Ne— access unit
buifer
to further elementary
stream decoders
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MPEG-4 System

. MeMEgg9a

BRIVENSITY OF EIDUL

Parts of MPEG-4 Standard

14496-1

14496-2

14496-3

14496-4

14496-5

14496-6

Systems

Visual

Audio

Conformance Testing
Reference Software

Delivery Multimedia Integration Framework (DMIF)




What’s New in MPEG-4

v Object-based coding

v' Synthetic/Natural Hybrid Coding(SNHC)
v Flexible Decoder Architecture

r=Tool-based

7~S/W-based implementation

v" Error Resilience

v Flexible Composition/Rendering
v NOT RESTRICTED TO “Very-low bit rate coding”

v' DMIF

hicrarchically multiplexcd
downstream control  data

audiovisual objects

m LERE L LY
: GRIVERSETY OF 2300

Scene composition and presentation of AV objects

hicrarchically mul)

iplexed
upstream control daia E/. E

video
compositor
projection |

< . Plane
Rendered image

"W 3D objects

x

Hser eventy’

dic
Y wun !

on a 2-D display

#
hypothetical viewer

o]
speaker| O

fud]

display
user inpu

)

B

3-D World
kept within
the decoder

\ User

interaction
possible
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v Video v.s. Video Object (VO)
v Picture v.s. Video Object Plane (VOP)
v Examples

7~Program Clock Reference (PCR) v.s. Object Clock
Reference (OCR)

r~Elementary Stream : Video v.s. VO
r~AU : Picture v.s. VOP

MPEG-2 vs MPEG-4 Systems

Memygaa

VHINEESITY DF S8DUL

MPEG-4 anmas
- VRIVENSITY OF $10UL
e Display and
crmina User
. Interaction
. L
Arch lte Cture et & Aution sl
- ~Seaw
>
Composition and Rendering J
R S S
.y s < ﬁ ¢ r
L2 ? m Upstream Compression
. - . [nformation Laver
Objact Seae N
Pecantor Descnption AVObiect
i Infrmation dita T T
Y Y [y } Ty
1 1 [T Fremenun Sewam Flomeotan S ltort oo SR (SRS
EE AR
t] Layer
Sobachonzed Stream
~ - ~ ~ ~ o DMIF \ppticaton] morlace
1 1 1 H
| | [ oMoy | nc\Mu\ll
~ - N N Delnen
'Sy (RIPY Layer
. ANL? 2z DA "
Al | I AIM PSIN M

1

3 Vhidaploxad Strcan

Transmussion/ Sterage Medium

249




Decoding

Compressiong
Layer +
Composition |

C(;;ripositjgn and \.\
Rendering:--__ .
Primitive N
AV Objects
BIFS Audlov:ssugl,::(eractwe Display and
i " Local User
- s Interaction
6 <O
o> ’
Object Descriptor
ESI
MEMNETY

Sync layer + Delivery Layer

T

f TIL'IL'mcnlaty Sereams T

—

UREVERSITY OF SIOUL

Gt B

SL-Packetized Streams

&=
E

LlexMux Channel]

Sy nc Layer
DMIF-Application Inerface

Cofigured by
ISO/IEC 14496 |
(MPEG-4 Systems)

optional use of
I FlexMix
‘——‘I Flex Mux Tool
FlexMux Straams

3 :5’;’95325&‘;.3%‘! G VBB RBPYLIDI R EARELE R X

-—

TransMux Chamel

(PES)
AALS H223 DAB
TCP ubp MPEG2
I "™ TS ATM GSTN mux

I R A

TransMirx Streams

Delivery Layer

Configured by
ISO/IEC 14496-6
(MPEG-4 DMIF)
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IS 14496-1 Contents (Version 1)
v'System Decoder Model

v'Object Description Framework
v'Scene Description

v'Synchronization Layer

v'Multiplex Layer

v'Syntactic Description Language (omit)
v'Profiles

.. lhNE2A2

Object Description
Framework
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m MeNHO%Q
o VRERERSITY OF SEDUR

. RuE3N

ObjectDescriptor

{
OD_ID_1
List of

Elementary-
Stream-
Descriptors

}

}

ObjectDescriptor

{
OD_ID_2
List of

Elementary.....
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ObjectDescriptor "1 ES_Descriptor
¢ oD_ID_1 ES_ID_1
List of g R4 } .......
S Elementary-.. ES_Descriptor
i Stream-
Object .
DescriptorlD (OD_ID) y Descriptors ES_ID_2
} ) ES_Descriptor
ObjectDescriptor ES_ID_3
oD_ID_2 Ly
List of
Elementary.....

Walk Through of a Session e RLEANE

Scene Description Strean:
acd |
Object DescriptortD

i ();)j-e;:l- i)-e;l:r;[;t;l;l_/ ite RPN , SR :
{ Ot mj,;, Object Deweriptor . 3.
g et 1 . IS
; Wﬁo’ . Bescriptor " i ES_Descriptor E' N Object Descriptor Stream
1 5 e
+ ES

Visual Stream (e.g. base layer) /

]
Visual Stream (e.g. temporal enhancement) j
! L4

Audio Stream . - L s




Scene Description

. 4fyEIad
2D examples

Animated Text+ Video + Still Images

i e

Video Overlay of Animated Text+ Video +
Still Images
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3D examples

3D Graphic Primitives

Complex 3D Mesh

" Scene with CijCCl o

m MeNEASD
R VNIVENSITY OF SOV

2D/3D Examples

2D or 3D scene as a texture 2D inside a 3D plane
map on 3D
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MégnEg9a

URIREESITT OF SIDUWR

BIFS Components

a VRML Nodes

fg MPEG-4 Streams
£ .~ New MPEG-4 Nodes

NENEAYI

k. UMIVEHEITY OF SIOUL

System Decoder Model
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MegMEgRa

BRIRAERILS DF BEDUR

Purpose of System Decoder Model
(SDM)

v’ an abstract view of the behavior of a terminal complying with
ISO/IEC 14496.

v used by the sender to predict how the receiving terminal will
behave in terms of buffer management and synchronization
when decoding data received in the form of elementary streams

v" “Push Model”

| L asupanz
Systems Decoder Model

AUs CUs

DeC(')ding ] Comﬁosition
Buffer DB, Decoder Memory CB,

Decoding { ] Composition \
Buffer DB, M CB,

il Decoder , oyt [~ .
Decoding || Compositor
Buffer DB,

Decoding Composition
Buffer DB, Decoder Memory CB, P

2
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PETEI TRIATR TR TX-1V1Y

AU and CU

v’ Elementary Stream (ES)

7~ A consecutive flow of mono-media data from a single source
entity to a single destination entity on the compression layer

v" Access Unit (AU)

7~ An individually accessible portion of data within an elementary
stream. An access unit is the smallest data entity to which timing
information can be attributed

v Composition Unit (CU)
7~An individually accessible portion of the output that a decoder
produces from access units

Time Base, Time Stamp, b S LRLELE
Clock Reference
v Time Base

7~The notion of a clock; it is equivalent to a counter that is
periodically incremented

v" Time Stamp

7~An indication of a particular time instant relative to a time
base

r~ A sampled value of the counter

v" Clock Reference

¢ A special kind of periodic time stamps that is used by a
decoder to recover the time base of the encoder
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xxxxxxxxxx LR TV

STB and OTB

v’ System Time Base (STB)
¢~ The time base of the terminal.
r=Its resolution is implementation-dependent.

v Object Time Base (OTB)

7~ A time base valid for a given elementary stream, and hence
for its decoder

¢~ The resolution of this OTB can be selected as required by
the application or as defined by a profile

OCR

v' Object Clock Reference (OCR)

= A clock reference that is used by a decoder to recover the
time base of the encoder of an elementary stream
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DTS and CTS

v Composition Time Stamp (CTS)

7~ An indication of the nominal composition time of a
composition unit

v Decoding Time Stamp (DTS)
¢~ An indication of the nominal decoding time of an access
unit
7shall only be conveyed for an access unit that carries a
composition time stamp as well, and only if the DTS and
CTS values are different

Synchronization (2 AU Example)

Arriva!(AUo
Arrival(AUy) | DTS (AU

DTS (AU

Decoding

Buffer Sesncenssncenvee

Composition
Memory

' ' = available for
CTS (CUo) CTS (CUy)

composition
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Sync layer

SL-Packet

Elementary Streams N A Elementary Stream Interface

4 A -
............. Sync Laver
SL-Packetized Streams DMIF Application Interface

v" Sync Layer packet (SL-Packet)

7~The smallest data entity managed by the sync layer
consisting of a configurable header and a payload. The
payload may consist of one complete access unit or a partial
access unit




Functionality of Sync. Layer

Boundaries of AccessUnit. Access
Units may use more than one SL-
Packet.

Provides consistency checking for lost
packets.

Carries Object Clock Reference. s
Carries Decoding and Composition
time stamps.

Sync. Layer Packet

Header Payload

Maximally configurable : very little overhead

. nEanz
Notes on Sync. Layer

v An SL packet does not contain an indication of its
length.

o Therefore, SL packets must be framed by a suitable
lower layer protocol, e.g., the FlexMux tool.

o Consequently, an SL-packetized stream is not a selif-
contained data stream that can be stored or decoded
without such framing.

v An SL-packetized stream does not provide
identification of the ES_ID associated to the
elementary stream in the SL packet header.

o This association must be conveyed through a stream
map table using the appropriate signalling means of the
delivery mechanism.
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Multiplexing

FlexMux (Optional)

v Low complexity multiplexing tool (interleaving of data)
r~low overhead (RTP/UDP/IP = high overhead)
r~low delay

v' FlexMux packet : data from one or more SL packets

v" FlexMux stream : a sequence of FlexMux packets interleaved
into one stream '

v" FlexMux Channel (FMC) : Identificaion of ES

r~Each SL-packetized stream is mapped into one FlexMux
Channel

v" Framing and error detection should be provided by the transport
protocol stack below FlexMux.
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FlexMux Modes

Simple Mode (1 FlexMux PDU)

Payload N

\

= FMC Number

1 SL packet
MuxCode Mode (1 FlexMux PDU)
Version | Slot#1 |Slot#2| Slot#3 Slot #n
MuxCode = index - 240 \
1 SL packet
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