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Preface

Theme of this section is covered service multiplex and control information
for ISDB-T system. This fuction is positioned between source coding and
transmission coding. Therefore, it is necessary to understand the outline of
structure/ function of Multiplex system and service information to introduce
ISDB-T system.

As you know, Multiplex system and part of PSI (Program specific
information) is specified almost based on MPEG-2 systems, and ARIB
specified other PSI and Service In formation (SI) refer to DVB-SI system.

But, unique specifications to support ISDB-T system are also included.

In this seminar, | wish participant to understand outline of MUX and SI, and

Japan also understand the relations to encoding system and transmission system.
Yasuo TAKAHASHI One-seg service is the unique feature of ISDB-T, and slightly seems to
) understand, therefore, text for technical bases of partial reception will be
(Toshiba) prepared separately.
Finally, Japanese system and Brazilian system is not completely same,
especially Sl, but the outline and structure are same, so, this seminar will
be useful for understanding of Brazilian system as a reference.
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(1) Digital broadcasting and Multiplex
(2) Multiplex system(MPEG-2 Systems)
Specification of PSI/SI
(3) Program Specific Information(PSI) & Service Information(SI)
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Operation of PSI/SI
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(note) contents of this short course seminar are only a part of standard.
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Digital broadcasting & Multiplex system
Functions and Features of Multiplex

* Functions

— Function of Multiplex
« Multiplex plural services/program/component on transmission
« Signal format is common for any kind of service, program and component
* Free from transmission media

— Function of synchronization
« Synchronization between transmission side and receiving side
¢ Synchronization between program component( video, audio)

— Function of selection

Digital broadcasting & Multiplex system
Structure of Digital broadcasting

) TV service EPG service
Service
Audio service Data service
Audio Video Data coding PSI/SI
Common for codng coding (STD-B24) SR
. (STD-B32) (STD-B32)
transmission
media Scramble system(sTp-825)

Multiplex system(STD-B32, ISO/IEC 13818-1)

» Service information for selection of service and prgram ——
. Digital terrestrial Tghe! ;
Featur_es__ Different for 9 audio I terrestrial TV dB.StNIVEEban (t:'s
— flexibility each media broadcasting (sro. | broadcasting igital broadcasting
« Support any service, program and component B29) (STD-B31) (sto-820)
— Expandability - S deial
DiBEG ° DIiBEG TV broadcasting CSs 6
Digital broadcasting & Multiplex system
Signal format of digital broadcasting
MPEG-2 Systems
Data (file)
ISO/IEC 13818-1
Audio | Video ES Data
ES (stream) Data Informa- ITU-T Rec. H.222.0
(carousel) Si PSI | tion for
scramble ARIB STD-B32 Part.3
PES Section
(note) signal format of PES, TS and Section area is defined in ARIB STD-B32,
based on MPEG-2 systems
(note) PSl is defined in both STD-B32 and STD B10. In STD-B32, only outline
8

related to MPEG -2 systems is defined
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MPEG-2 Systems
2 kinds of multiplex system

Scope of MPEG-2 Systems
(ISO/IEC 13818-1)

Scope of MPEG-2 Video
(ISO/IEC 13818-2)

MPEG-2 Systems
Multiplex signal format (TS,PS)

* TS (Transport Stream)
— PES packet is divided into TS packet.

— Used for transmission and recording in which error may
occur.

video Video video ES: VideoPES () MPEG2 — Plural program are multi-plexed into 1 TS.
—_—) coding _:’@ > Transport o i
— : Stream » Used for digital broadcasting
MPEG-2 )
: TS
audio Audio M’@Video PES | Multiplex « PS (Program Stream)
_ coding e Y — Signal stream of plural PES packets
i 62 B o S
Scope of MPEG-2 Audio : _»fﬁ g'rzgram ggﬁgtl;g;‘transmssmn and recording in error free
(ISO/IEC 13818-3) stream .
MPEG-2 (PS) — Multiplex 1 program
Mu';ii,ex — Compatible to MPEG-1
| » Used for package media such as DVD
9 10
DiBEG
MPEG-2 Systems
signal format before Multiplexing at h’\_"PEbG'Z Systems g
(ES,PES, section) Relationship between TS and PS
* ES (Elementary Stream)
— Coded video and audio stream
transport TS TS TS TS TS
i stream packet packet packet packet ........................ packet
* PES (Packetized Elementary Stream) (Ts) PID=k | PD=m]| PID=k | PID=m PID=n
— Packetize video and audio ES into defined unit(video frame,
audio block ,etc)
— Variable length packet 5
— Interface formatto TS, PS PES
packet NENE SN S S S—
. Section l ...'\. ........................................
— Signal format for PSI/SI m PES 2SR (O PE‘S"-
_ Varlable |ength ........................................................
— Used for only TS p{ogram — ‘....k;-aCk — T
stream | 2 | PR |
1 ) End code 12
DiBEG

DiBEG




MPEG-2 Systems
TS multiplexing method

184byte

Video PES - |

\188bytd,  Tts.. TSssll Teel
. X . s

13

MPEG-2 Systems
header and payload of TS packet

Transport stream(TS)

TS
packet
#—— Packet header(4 byte) —>*+———— 184 byte —*
syne. ayload
byte PID
8 |[1[1 13 |2lo| 4 (+adaptation field)
PID (packet identifier) el

edivided PES(video, audio,etc) or
*section data(PSl,Sl,etc)
are stored A

MPEG-2 Systems
Payload area of TS packet

*— Packet header(4 byte) ——¢— 184 byte - "

payload
8 lafa|2] 13 |2 (+adaptation field)

,/01 /> payload

Adaptation field v
control

Sync.
b%/te

N
IS

11

Adaptation field

X

10

15
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MPEG-2 Systems
Process to convert from PESto TS

*Only one PES packet is divided into plural TS packets of
same PID group

*Payload unit starting indicator “ON” ; start fist byte of PES
«In last TS packet,stuffing data is inserted to adjust the length
of TS packet

Payload unit starting
indicator =1

PES
header

ada tion field
aaaptation el
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MPEG-2 Systems
Process to convert from Sectionto TS

* Plural section data are transmitted in same PID TS packet

» Payload unit starting indicator ON
=new section starts at this TS packet (indicate the start point by
pointer)

Payload unit starting
¢Indicator =1

TS

TS
header

stuff

TS point E Sittion o Section 3
E eCction ection (OXFF)

header

tayload unit starting

Indicator =1 17
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Transmission control in MPEG-2 Systems

Indirect assignment of PID by PSI

PID=0
TS ai video OE PAT bi audio | x i PMT ai video | c E data
e \ 4

PAT s PMT (program No. #1)

Program No. #1, PMT_pid:x/ . .

i o Video_pid = a
Program No. #2, PMT_pid=y Audio_pid =
Data_pid =c

Program Association Table : Program Map Table :

B PSI(PAT,PMT, etc) are transmitted repeatedly

RiBEG

Transmission control in MPEG-2 Systems

PSI Table

4 tables written below are defined as Program Specific Information

PAT: Program Association Table
— PID=0x0000(fix)
— Assign the program PID of PMT including in TS
PMT: Program Map Table
— PID is assigned indirectly by PAT
— Assign the PID of Components which construct the TV program
(video ,audio, etc)
— Assign the PID of the information for scramble (ECM) in case that
conditional access system is available
NIT: Network Information Table
— PID is assigned by PAT(for he rile of Sl, PID is fixed to 0x0010)
— Assign the network parameter(details are defined in Sl)
CAT: Conditional Access Table

— PID=0x0001(fixed)
— Assign the PID for the information related to scramble (EMM)

19
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Synchronization method of MPEG-2 Systems
STC and Time stamp

-ransmitte -eceive

an pon tan

Set the STC in both side
@ Synchronize both STC by PCR transmitted by TS
(3 Based on STC, PTS is attached to PES data. 20
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Synchronization method of MPEG-2 Systems
STC and transmission of time stamp

« PCR
— Calibration of STC
« PCR_base(upper digit): number of 90KHz clock count(33bit)
« PCR_ext(lower digit): number of 27MHz clock count(9bit)
— transmission
¢ Adaptation of TS packet
¢ Transmission period is no longer than 0.1 second
« PTS/DTS
— PTS, DTS
« number of 90KHz clock count(33bit)
— transmission

¢ Header of PES packet
« Transmission period is no longer than 0.7 second

As an example, structure of TS packet is shown, refer ARIB STD-B32 for details

Signal format used in MPEG-2 Systems
Structure of TS packet

188 byte
+——Packet header(4 byte) ——

Sync)
Transport b))//te
8

packet

Packet
ID

1{1]1 212 4

A,

Adaptation field
and/or payload

Transport error
indicator

Payload unit

start indicator

T?anspon 1 _
priority Adaptatmn
field control

Transport
scramble control

Continuity
indicator

! v
B Adaptation i
Adaptation |G ot flag Option | gyuffing byte
field 8 1]1l1] 13 field
Discontinuity \\ Elementary stream ..,
indicator d priority indicator

" 'Random access indicator

+6res | +6res

PCR [ OPCR [ Splice count Transport
33+9 | 33+9 |down
8

Adaptation field
private data [extension

21 22
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PSI/SI
relationship between PSI and Sl
PSI SI
function Signal selection from Support the program
MPEG-2 TS selection
. . Support plural TS | Identify by TS_id only yes(broadcasting for
Transmission control(PSI) and plural TS)
. . . Time schedule none yes(program)
service information(Sl) suppor
Information table table
format
Signal format section section
Transmission Transmit repeatedly Transmit repeatedly
style
specification ISO/IEC 13818-1 ARIB STD-B10
reference - ISO/IEC 13818-1
scope Used for any media broadcasting
Based on PSI, extend for
23 broadcast service 24
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PSI/SI
Table and section

¢ Information of PSI/SI is called table

— table
« Whole information for specific function
» Function of table is identified by table_id
e A set of sub tables

— Sub table
« Information for specific matter in table
¢ Table _id extension designates the kind of information

« PSI/SI data is transmitted as section format
— Section
» Signal format to divide and transmit the table (sub table) data
— Descriptor
« Lower layer signal format for inserting section into section
« Used for description of option field of section

Signal format used for PSI/SI

Section
Data (file)
Ago video &S (stDraefm) Data Informa-
(carousel) Sl PSI | tion for
scramble
PES Section

(note) signal format of PES, TS and Section area is defined in ARIB STD-B32,
based on MPEG-2 systems

(note) PSl is defined in both STD-B32 and STD B10. In STD-B32, only outline
related to MPEG -2 systems is defined

25 26
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Signal format used for PSI/SI
Structure of Section Signal format used for PSI/SI
(refer ARIB STD-B32 Part 3, section 3.2) Structure of Descriptor
< Header > (refer ARIB STD-B32 Part 3, section 3.5)
Section Current . asf
8 1 1 2 12 16 2 5 1 8 8 Descriptor | Descriptor .
tag length Descriptor data
8 8 Variable length
Section data CRC
Variable length (8N) ? 32
1
descriptor
27 28
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Transmission control
(Program Specific Information;PSI)

ISO/IEC 13818-1
ITU-T Rec. H.222.0
ARIB STD-B32 part 3

Function of PSI
Indirect assignment of PID

PID=0
TS ai video OE PAT biaudio xi PMT aivideo ci data
i
PAT % PMT (program No. #1)

Program No. #1, PMT_pid:x/ . .
Video_pid = a

Audio_pid = b
Data_pid =c

Program No. JZ, PMT_pid=y

Program Association Table : Program Map Table :

B PSI(PAT,PMT, etc) are transmitted repeatedly

29 30
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Signal format of PSI PSI
PSI Its table and functions

Tables which are defined in ISO/IEC
table_id | table function pid

Dat fil 0x00 PAT PAT designates packet identifier of TS packet 0x0000

ata (file) (Program Association which transmits PMT related to broadcasting
Table) program.
Audio Video ES Data P 0x01 CAT CAT designates packet identifier of the TS 0x0001
ES (stream) Data ]n_ orma- (Conditional Access packet, which transmits individual information
(carousel) SI PSI tion for Table) among related information of charged
scramble broadcasting..
0x02 PMT PMT designates packet identifier of TS packets Indirectly
. (Program Map Table) and packet identifier of TS packets, which designated by
PES Section transmit common information among related PAT
L information of charged broadcasting, which
% // transmits each coded signal comparing a

/”' broadcasting program
Table which is reserved by ISO/IEC, and defined by radio regulation
table_id | table function pid
0x40 NIT (Network Information for transmission 0x0010
Ox41 Information Table)

31 32
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Descriptors used in PSI table

Data structure of PAT

Table Section | Reserved | Reserved | Section | Transport | Reserved | Version | Current
. . . . identifier [ syntax future length stream number next
Descriptors used in PSI table are listed in Table 6-1 of Part 2 of indicator | use identifier indicator
ARIB STD-B10.
0X00 T ar
8 1 1 2 12 16 2 5 1
Broadcastin| Reserved | Network
g program PID
number
- identifier
Section Last CRC
number | section =0 1ur 0X0010
number 16 3 13 ]
Broadcastin| Reserved| Program
8 8 g program map 32
number
identifier PID
70 ur
16 3 13
Repeat
33 34
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Data structure of NIT
Data structure of PMT
Table Section | Reserved | Reserved | Section | Network | Reserved | Version | Current | Section Last
identifier | syntax future length | identifier number next number | section
Table Section | Reserved | Reserved | Section | Transport [ Reserved | Version | Current 0X40 indicator use indicator number
identifier | syntax future length stream number next 4T By ar ar
indicator use identifier indicator
n 8 1 1 2 2 16 2 5 1 8 8
VX0 T ar
8 1 1 2 12 16 2 5 1 Reserved | Network |Descriptor
future | descriptors | s field 1
use length
Broadcastin| Reserved| Network .
g program PID 1117
number 4 12 8xN
identifier
Section Last CRC
number | section | | =0 T 0X0010 || Reserved | Transport Transport | Original | Reserved | Transport | Descriptor CRC
number 16 3 13 future |[stream loop stream | network future stream | s field 2
use length 17| identifier | identifier use loop T
Reserved| Program length
8 8 g program map 32 11T 11T
e PID 4 2 16 16 4 12 8xN 2
20 1U7r Repeat
16 3 13
Repeat
35 36
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Service information(Sl)

ARIB STD-B10

37

Function of SI

» Supplement of PSI, control the receiver
» Function of EPG( Electronic Program Guide)
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Signal format of Sl

Sl

Data (file)

Audio | Video ES Data 7
ES (stream) Data Infor
(carousel) Si PSI
PES Sectidn

39

PSI/SI

Unit of information in digital broadcasting

s
e
-

Own network

network

own TS

Other TS

1
Program| [Program | [Program Program [I |Program | [Program
hannel hannel | ichannel hannel |I channel | ichannel
1
R ——
1
Channel Channel Channel | [Channel Channel Channel
information|  [information| [informatio 1 information|  [information| [informatio

ol I
AY

| programl | programl | programl

| prugraml | programl | programl

| programl | programl | programl

| programl | programl | programl

| pmgraml | programl | programl

| programl | programl | programl

| programl | programl | programl

1
1
1
1
: |prugram| |program| |program|
1
1
1
L

Channel Channel Channel
informationflinformationflinformation|




PSI/SI

structure of PSI/SI table

Defined in MPEG-2 ARIB specify
PID =0 PID = 0x0010 PID = 0x0010 PID= 0x0024
BIT
PAT NIT NIT _Network_
Original Other information
network network PID = 0x0011 PID = 0x0022
PID=1 PID = 0x0011 PID = 0x0011 - PCAT
SDT SDT )
CAT Service PID = 0x0014 PID = 0x0014
Original Other TS (description ToT ToT
TS
PID=assigned PID = 0x0012' PID = 0x0012' PID = 0x0013 PID=0x1,0x10,0x14
by PAT It e
EIT EIT RST
PMT Original Other TS| |Event
TS information P!D = 0x0025 PID = 0x0025
(current/nex current/next
NBIT LDT
s¢hedule) schedule)

*1:for digital terrestrial TV broadcasting, use 0x0012,0x0026,0x0027 as PID

S
definition of program and event in digital broadcasting

« Identify the program channel
— ldentify the network

(considering re-transmission, identify by network_id before re-
transmission)

— Identify the plural TS in the network by TS_id
— Identify the program channel in TS by service_id (program_number)
» (original_network_id/TS_id/service_id)

« I|dentfy the program event
— Unit which shows he program event( such as drama, sport, etc)
— ldentify the program event by event id
» (original_network_id/TS_id/service_id/event_id)

41 42
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. ARIB specified originally
Tables specified based on DVB-SI - - -
table_id | table functions pid
table_id | table function pid - -
0xC2 PCAT Partial content announcement in data 0x0022
0x42 SDT Transmits information related to organized 0x0011 (Partial Content Announcement« +)
0x46 (Service Description Table) channel such as organized channel name and broadcasting
broadcasting company name.
O0x4A BAT Instructs information related to bouquet (set of | 0x0011 0xC4 BIT . ?&-:-S|gn_at95 unit of br(l)adcfasterhagd S(; " 0x0024
(Bouguet Association Table) | organized channels) such as names of bouquet (Broadcaster Information ) J:{:smlssmn parameter of each broadcaster
and included organized channels.
Ox4E~ | EIT Instructs information related to program such | 0x0012 ARIB specified originally (for program index)
OX6F (Event Information Table) as program name, broadcasting date, and 0x0026,0x0027 able id | table functions oid
explanation of contents. 0xDO LIT Instructs information related to local event 0x0020
0x71 RST Instructs program running status 0x0013 (Local Event Information- +) such as discrimination (time), name and
. explanation of local event (scene etc.) in the
(Running Status Table) program
0x70 TPT Instructs present date and time 0x0014 0xD1 ERT Indicates relationship between programs or | 0x0021
(Time Date Table) (Event Relation Table) local events, such as groups and attributes
0x73 TOT Instructs present date and time, and 0x0014 of programs and local events.
(Time Offset Table) designation of time difference between present 0xD2 ITT Describes information related to program
time and indication time for humans. (Index Transmission Table) index when sending the program.
0x72 ST (Stuffing Table)
Make table invalid (note) NBIT and LDT are only used for communication satellite(CS) broadcasting, therefore ,skip
43 in this seminar 44
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Descriptors used for Sl table

Descriptors used in Sl table are listed in Table 6-1 of Part 2 of
ARIB STD-B10.

Operational guideline of PSI/SI for
digital terrestrial TV
broadcasting(DTTV) in Japan

ARIB TR-B14 section 4

45 46
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Digital terrestrial TV broadcasting . . .
: Network ID assignment and NIT guideline
Features of operation Y 9

. . . » BS digital broadcasting
» Hierarchical transmission . .

_ Possible to transmit maximally 3 layers - One.network.ID for all BS fj|g|t.al br.oadc.astmg

— H-EIT/M-EIT/L-EIT — The information for all station is written in NIT

— Basic EIT/expanded EIT
+ Transmit original station SI » Digital Terrestrial broadcasting

— Transmit the Sl of own station( own network) — Each station has its 0rigina| network

— Receiver gathers the S of all received stations — Several kinds of service area (wide area/ prefecture

— background area/ flinge area, etc)

« Received station depend on received area J
« Many stations compare to BS (in Japan, NHK+ more than 100 . . o i
stations) — Each station has its original network ID (relay stations
« Network ID is assigned to each station are included in same network)
— Only its original station information is written in NIT
47 48
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Digital terrestrial TV broadcasting
Hierarchical transmission and PSI/SI

Basic EIT

For type-H EPG picture l

Hierarchical transmission
In case of satellite Broadcasting

» Hierarchical transmission
— For BS transmission, hierarchical transmission system is prepare. In case of
strong rain fall, switched to lower layer in which the same program is sent. For
this process, it is possible to see same program continuously
» Hierarchical transmission descriptor (PMT)
— By making use of this descriptor, designate the relation between components
which are transmitted by different layer

weak layer E—
i Ixe
(fixed) receiver Displayed video ES
' ] Noramal N
. audio Middle layer service .. video [ ]
Middle layer RECZ'.tV.'ng ES1 i
i - For type-M EPG picture i condition ]
(mobile) Higher vIIEdSef
_ layer . CIN
¢ Strong layer service L-EIT ; decrease video
Strong layer Mobile v (strong rain)) ES2
(portable 4 PMT For type-L EPG picture receiver Lower vickm |
J))  (one-seg) layer ES2 .*
CIN recover video @
Descriptor to descript relationship v ES1 Yy
between ES1, ES2. -
49 50
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Segment structure and Partial reception partial reception and PCR
¢ Partial reception (one-seg) service
— InTV band, 1 segment service is available with fixed reception service « Fix the position of TSPs which include PCR
« Partial reception descriptor(NIT) —> as aresult, it is possible to receive one-seg service by narrow band
— Designate the situation to receive one-seg by this description receiver with low clock rate (details are shown separately)
Digital terrestrial audio
1 channel(6 MH2) 430 kHz 1.3 MHz < frame »le
—> - - R
13 segment TTrgnsm't [ rspo [frspy [frsre [frsp3 [ tspa [|rspo [Lrspy | tspe' |
’ ’ ’ H Wideband — : :
receiver LLTSPO [[vsp1 [ vspe || tsps [ tspa [fvspo [l tspr | Tspe' |
Hf—';—l/ Partial j—“_/ band A 4 A
Partial reception reception Narrowban "
J —l roceiver TSP 0 | TSP 2 | TSP 0
| :pcr
13 segment receiver 1 segment receiver 3 segment receiver 51 52
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Digital terrestrial TV broadcasting
PSI/SI used for DTTB and transmission layer

table_id table Transmission guidline PID transmitted

0x00 PAT ©(strong layer) 0x0000

0x01 CAT O(strong layer) 0x0001

0x02 PMT ©(each service layer) | Indirectly assigned
by PAT

0x40 NIT[actual] ©(strong layer) 0x0010

0ox41 NIT[other] X

0x42 SDT[actual] ©(strong layer) 0x0011

0x46 SDTlother] X

0x73 TOT ©(strong layer) 0x0014

0xC4 BIT ©(strong layer) 0x0024

Ox4E EIT[p/f actual] ©(strong layer) 0x0012(fixed)

Ox4F EIT[p/f other] x 0x0026(mobile)

0x50~0x57 | ElT[schedule actual basic] ©(fixed)/ x (others) 0x0027(portable)

0x58~0x5F ElT[schedule actual extended] O(fixed)/ x (others)

0Xx60~0x67 EIT[schedule other basic] X

0x68~0x6F EIT[schedule other extended] X

53

END of Seminar #5

Thank you for your attention
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