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3 Introduction

3.1 Scope

This document defines a standard for the carriage of CEA-608 Closed Captions and certain other
Vertical Blanking Interval (VBI) services in MPEG-2 compliant bitstreams constructed in
accordance with ISO/IEC 13818-2 (Reference [1]).

3.2 Reyvisions
This version is the 2012 revision of the 2004 Standard.

3.3 Document Structure
The sections in this standard describing video user data extensions to MPEG-2 are organized as
follows:

¢ Section 1—Provides a scope and introduction

e Section 2— Lists normative and informative references

e Section 3 - Defines compliance notation

¢ Section 4—Defines the acronyms and abbreviations used in this specification

¢ Section 5—Provides an overview of the VBI services supported, specifies the video
bitstream syntax for picture user data extensions and describes the video bitstream
semantics for picture user data extensions

AMERICAN NATIONAL STANDARD ©2022 SCTE 6



ANSI/SCTE 20 2017 (R2022)

4 References

4.1 Normative References

. ISO/IEC 13818-2:2000: Information technology -- Generic coding of moving pictures

and associated audio information — Part 2: Video (MPEG-2 Video)

ITU-R BT.601-5, Studio Encoding Parameters of Digital Television for Standard 4:3 and
Wide-Screen 16:9 Aspect Ratios, ITU Radiocommunication Assembly, 1995

CEA 608-E, Line 21 Data Services, 2008

4.2 Informative References

4.

ITU-R BT.1700, Characteristics of composite video signals for conventional analogue
Television Systems, 2005

SMPTE 170M, Composite Analog Video Signal - NTSC for Studio Applications, 2004.

ANSI/SCTE 127, Carriage of Vertical Blanking Interval (VBI) Data in North American
Digital Television Bitstreams, 2007.

ANSI/SCTE 43, Digital Video Systems Characteristics standard for Cable Television,
2005.

SCTE 21 2012, Standard for carriage of NTSC VBI data in Cable Digital transport
systems
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5 Compliance Notation

“SHALL”

This word or the adjective “REQUIRED” means that the item is an
absolute requirement of this specification.

“SHALL NOT”

This phrase means that the item is an absolute prohibition of this
specification.

“SHOULD”

This word or the adjective “RECOMMENDED” means that there
may exist valid reasons in particular circumstances to ignore this
item, but the full implications should be understood and the case
carefully weighted before choosing a different course.

“SHOULD
NOT”

This phrase means that there may exist valid reasons in particular
circumstances when the listed behavior is acceptable or even useful,
but the full implications should be understood and the case carefully
weighed before implementing any behavior described with this
label.

‘GMAY”

This word or the adjective “OPTIONAL” means that this item is
truly optional. One vendor may choose to include the item because
a particular marketplace requires it or because it enhances the
product, for example; another vendor may omit the same item.

6 Acronyms and Abbreviations

bslbf
CEA
FCC
IEC
ISO
ITU
LL

Isb

ML
MP
MPEG
msb
uilsbfopbl
NTSC
PAL
uimsbf
VBI
VITS

bit string left bit first

Consumer Electronics Association

Federal Communications Commission
International Electrotechnical Commission
International Standards Organization
International Telecommunication Union
Low Level

least significant bit

Main Level

Main Profile

Moving Picture Experts Group

most significant bit

unsigned integer least significant bit first odd parity bit last
National Television System Committee
Phase Alternate Line

unsigned integer most significant bit first
Vertical Blanking Interval

Vertical Interval Test Signal

AMERICAN NATIONAL STANDARD ©2022 SCTE
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5. Video User Data Extensions

The video user data extensions to the MPEG-2 syntax and semantics described in this standard
provide a means to support CEA-608 closed captions and some other VBI services. The VBI
enhancements relative to MPEG-2 main and simple profiles include:

a) Closed captioning for single and multiple lines
b) Non-real-time sampled video

5.1 Closed Captioning

Many television services carry closed caption information in line 21 (field 1 as well as field 2) of
the VBI (Reference [3]). The user data syntax described herein supports the carriage and decoder
reinsertion of closed captioning information. This feature requires logic to parse, store and
reorder closed caption data as well as to synthesize the Federal Communications Commission
(FCC) standard closed caption waveform.

Certain system service providers use this closed caption format to carry additional data in VBI
lines other than line 21. The user data syntactic constructs described in this document allow
multiple VBI lines per display field, including any standard closed caption usage described in the
above paragraph. A compatible decoder is expected to process and rebuild up to four lines per
display field.

Note 1: ANSI/SCTE 43 (reference 7) specifies the ordering of closed caption structures that
conform to this specification and ANSI/SCTE 21 (reference 8).

Note 2: ANSI/SCTE 21 (reference 8) specifies another format for coding and transmission of
closed captions as well as VBI information other than what is specified here (non-real time
sampled video).

5.2 Non-Real-Time Sampled Video

Primarily intended to support Vertical Interval Test Signals (VITS), non-real-time sampled video
can potentially be used for other VBI services as well. Non-real-time sampled video supports the
carriage and decoder reinsertion of VITS information, with the maximum refresh rate of once in
every 22 frames of video (32 pixels of data * 22 = 704 pixels). User data syntactic constructs
include logic to parse and store multiple lines of VBI video luma and chroma for this purpose.

Note: ANSI/SCTE 127 (reference 6) specifies a different format for coding and transmission of
VBI information other than closed captions and non-real time sampled video.

5.3 Picture User Data Syntactic Extensions

The method used in this document for describing video bitstream syntax is the same as that used
in the MPEG-2 International Standard, ISO/IEC 13818-2 (Reference [1]). The syntactic
extensions to MPEG-2 MP@ML operation for VBI services are implemented using the picture
user data syntax defined in subsection 5.5.

AMERICAN NATIONAL STANDARD ©2022 SCTE 9
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5.4 Syntax Conventions and Definitions

5.4.1 Method of Describing Bitstream Syntax

Those ISO/IEC 13818-2 conventions and definitions that appear in VBI user data syntax are
reviewed in the remainder of this subsection.

As exemplified in Table 5—1, this syntax resembles C-code and uses the convention that a variable or
expression evaluating to a non-zero value is equivalent to a condition that is true.

Table 5-1. Bitstream Data Elements and Conditions

while ( condition ) { If the condition is true, then the group of data elements
data_element occurs next in the data stream. This repeats until the
condition is not true.
}
do {
data element The data element always occurs at least once.
}+ while ( condition ) The data element is repeated until the condition is not
true.
if ( condition) { If the condition is true, then the first group of data
data element elements occurs next in the data stream.
} else { If the condition is not true, then the second group of data
data_element elements occurs next in the data stream.
}
for (1=0;1<n;i++) { The group of data elements occurs n times. Conditional
data element constructs within the group of data elements may depend
on the value of the loop control variable i, which is set to
} zero for the first occurrence, incremented to one for the
second occurrence, and so forth.
/* comment ... */ Explanatory comment that may be deleted entirely
without in any way altering the syntax.

Each data item in the bitstream appears in bold type and is described by its name, its length in
bits, and a mnemonic for its type and order of transmission. The action caused by a decoded data
element in a bitstream depends on the value of that data element and on data elements previously
decoded. The constructs in normal type in the above table are used to express the conditions
when data elements are present.

A group of data elements may contain nested conditional constructs. For compactness, the { }
are omitted when only one data element follows. Array data is represented as follows:

AMERICAN NATIONAL STANDARD ©2022 SCTE 10
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data_element|n] the n+1th element of an array of data
data_element|m][n] the m+1, n+1th element of a two-dimensional array of data

While the syntax descriptions given in this document are expressed in procedural terms, it should
not be assumed that subsection 5.1 implements a satisfactory decoding procedure. In particular,
it defines a correct and error-free input bitstream for compatible encoders. Actual decoders must
include means to look for start codes in order to begin decoding correctly, and to identify errors,
erasures and insertions while decoding. Neither the methods to identify these situations nor the
actions to be taken are specified in this document.

5.4.2 Reserved, Forbidden & Marker Bits

The terms reserved and forbidden are used in the description of some values of several fields in
the coded bitstream. These are reproduced from Ref [1] section 5.3 for convenience here.

Reserved—Indicates that the value may be used in the future for ISO/IEC-defined extensions.

Forbidden—Indicates a value that shall never be used (usually in order to avoid emulation of
start codes).

marker_bit—Indicates a 1-bit field in which the value zero is forbidden (and it therefore shall

have the value '1'). These marker bits are introduced at several points in the syntax to avoid

start code emulation.

5.4.3 Operators

+ Addition.
- Subtraction (as a binary operator) or negation (as a unary operator).
++ Increment.

- - Decrement.

> Greater than.

>= Greater than or equal to.
< Less than.

<= Less than or equal to.
== Equal to.

I= Not equal to.
= Assignment operator.

5.4.4 Mnemonics

The following mnemonics are defined to describe the different data types used in the user data
syntax described in subsection 5.5:

AMERICAN NATIONAL STANDARD ©2022 SCTE 11
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Table 5-2. Bitstream Mnemonics

Name Description

bslbf Bit string, left bit first, where “left” is the order in which bit strings are
written in the specification. Bit strings are written as a string of 1s and Os
within single quote marks, e.g. ‘1000 0001°. Blanks within a bit string are for
ease of reading and have no significance.

uimsbf Unsigned integer, most significant bit first.

uilsbfopbl Unsigned integer least significant bit first odd parity bit last

5.4.5 Start Codes

Start codes are specific bit patterns that do not otherwise occur in the video stream. Each start
code consists of the 24-bit start code prefix string ‘0000 0000 0000 0000 0000 0001° followed by
an 8-bit integer that identifies the type of start code as described in ISO/IEC 13818-2. Start
codes are always byte aligned, and may be preceded by any number of zero stuffing bits.

5.4.6 Definition of Functions

The following utility functions for picture coding algorithms are defined:.

bytealigned() returns 1 if the next bit in the bitstream is the first bit in a
byte. Otherwise it returns 0.

nextbits() permits comparison of a bit string with the next bits to be
decoded in the bitstream.

next_start code() removes any zero bit and zero byte stuffing and locates the

next start code as defined in Figure 5-1.

next start code() { No. of bits | Mnemonic
while ( !bytealigned() )
zero bit 1 0
while ( nextbits() !="'0000 0000 0000 0000 0000 0001")
zero byte 8 0000 0000
;

Figure 5-1. Next Start Code Function Syntax

AMERICAN NATIONAL STANDARD ©2022 SCTE 12
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5.5 Picture User Data Syntax

Picture user data syntax to support VBI services is shown in Figure 5-2.

user data(2) { No. of bits | Mnemonic
user data start code 32 bslbf
user data type code 8 uimsbf
if (user data type code =='0x03") {
1000 000’ 7 bslbf — See
Note 1
vbi data flag 1 bslbf
if (vbi data flag) {
cc_count 5 uimsbf
for (i=0 ; i<cc count ; i++) {
cc_priority 2 uimsbf
field number 2 uimsbf
line offset 5 uimsbf
cc data 1[1:8] 8 uilsbfopbl
cc data 2[1:8] 8 uilsbfopbl
marker bit 1 bslbf
1
non real time video count 4 uimsbf
for (i=0 ; i<non real time video count ; i++) {
non real time video priority 2 uimsbf
sequence number 2 uimsbf
non real time video field number 1 uimsbf
line offset 5 uimsbf
if (sequence number !="'00") {
segment number 5 uimsbf
for (i=0 ; i<32 ; i++) {
non real time video y data|[7:0] 8 uimsbf
!
for (i=0 ; i<16 ; i++) {
non real time video cb data[7:0] 8 uimsbf
non real time video cr data[7:0] 8 uimsbf
!
!
¢
}
reserved n bslbf

}

next start code()

}

Figure 5-2. Picture User Data Syntax

AMERICAN NATIONAL STANDARD ©2022 SCTE
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Note 1: Please note that implementations that preceded this standard set these bits to ‘0000 000’ instead of ‘1000
000°. It is recommended that receivers ignore the setting of the leading bit when the other 6 bits are set to ‘000 000°.

5.6. Picture User Data Semantic Extensions

The semantic extensions for Vertical Blanking Interval (VBI) service enhancements are specified
in this section.

5.7 User Data Identification

user_data_start code-A 32-bit start code as defined in ISO/IEC 13818-2 (Reference [1]) to
have the value 0x000001B2.

user_data_type code—An eight-bit code for picture user data, 0x03 indicates the presence of
picture user data of the type specified in this standard. Note from the syntax definition in
subsection 5.5 that a compliant bitstream will only contain one picture user data construct
with the user data type code value of 0x03 in any given picture header. Other user data
constructs with other user data_type code values might be found, however.

5.8 VBI Data Constructs

vbi_data_flag—Indicates that one or more VBI data constructs follow (closed captions, non-
real-time video) in accordance with the semantics given in subsections 6.2.1 through 6.2.2.

In order to comply with this standard, an encoder shall satisfy all of the following general
requirements with regard to VBI data:

1. The picture user data shall be packed in decode order, storing the VBI data to be
reconstructed from a given picture in the picture user data of the same picture.

2. The VBI data for the repeated field shall be transported with the picture that transports the
video data for the field to be repeated.

3. For a given picture and VBI data type, all the VBI data for the first display field shall be
followed by all the VBI data for the second display field followed by all the VBI data for
the third (repeated) display field, if present. Also, for a given picture, VBI data type, and
field, all the VBI data for the first line shall be followed by all the VBI data for the second
line, etc.!

5.8.1 Closed Captioning

cc_count—A five-bit integer (values in the range [0:31]) indicating the number of CEA-608
(Reference [3]) closed caption constructs following the field. All such constructs must
occur in the intended display order, assuming an interlaced display.

cc_priority—A number between 0 and 3 indicating the priority of constructs in picture
reconstruction where different levels of hardware capability exist. Priority value of 0 is
highest and priority value of 3 is lowest. For closed caption constructs, up to four lines per
display field (including Line 21) can be labeled as priority zero.

As an example, a three-field film-mode picture with a £2,f1,f2 display order and closed captions on lines 14, 16, and 21 of field 2 and lines 15
and 21 of field 1 are sent in order: d1-14, d1-16, d1-21, d2-15, d2-21, d3-14, d3-16, d3-21, where f1 is the odd field, f2 is the even field, d1 is
the first display field, d2 is the second display field, and d3 is the third display field.

AMERICAN NATIONAL STANDARD ©2022 SCTE 14
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field_number—The number of the field, in display order, from which the VBI data originated,
interpreted per Table 5-3. Please note that this standard associates top field with field 1 or
odd field and bottom field with field 2 or even field.

Table 5-3. Field Number for Picture User Data

Value Meaning

00 Forbidden

01 Ist display field

10 2nd display field

11 3rd display field (the repeated field in film mode).

line_offset—A five-bit integer giving the offset in lines from which the VBI data originated,
relative to the base VBI frame line (line 10 of NTSC field 1, line 273 of NTSC field 2, line
6 of PAL field 1, and line 319 of PAL field 2). Consult Informative References [4] and [5]
for more information.

cc_data 1[1:8]— Data for the Ist closed caption character for this field such that the first
transmitted bit is the first bit on the video line as displayed from left to right.

cc_data 2[1:8]—Data for the 2nd closed caption character for this field such that the first
transmitted bit is the first bit on the video line as displayed from left to right.
The encoder shall compress closed caption data to the 16-bit representation and shall pack
these bits into picture data starting with the least significant bit of the 1st character and
ending with the most significant bit of the 2nd character.

5.8.2 Non-Real-Time Sampled Video

non_real time_video_ count—Indicates the number of non-real-time video constructs that
follow. This field can have values of 0 through 15. All such constructs must occur in the
intended display order, assuming an interlaced display.

non_real_time_video_priority—A number between 0 and 3 used by the decoder to
determine if it is required to reconstruct the particular non-real-time VBI line. For non-real-
time sampled video, only a single line may be labeled as priority zero. Thus the decoder
that can reconstruct one line need only reconstruct priority 0.

sequence_number—Numbers each sequence of non-real-time video segments, starting from 1
and counting to 3, before rolling over to 1 again. A sequence number of 0 indicates the non-
real-time-sampled video line is not to be reconstructed (is inactive) until a segment is received
with a non-zero sequence number and therefore the corresponding fields do not follow for
this construct.

The sequence number shall be incremented by one between sequences.

non_real_time_video_field_number—A one-bit number indicating the field into which the
decoder must reconstruct the non-real video line as interpreted in Table5-4.

AMERICAN NATIONAL STANDARD ©2022 SCTE 15
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Table 5-4. Non Real Time Video Field Number

Value Meaning
0 Odd field
1 Even field

segment_number—The number of the non-real-time sampled video segment starting with 0001.
The encoder shall segment non-real-time sampled video into 64-byte segments and transport
each as an array of 32 luminance (Y) samples followed by an array of 16 chrominance sample
pairs (Cb, Cr), starting with the most significant bit of the leftmost sample (Reference [2]).
All segments of the sequence shall be transmitted in order before any segment of a new
sample of the same non-real-time video line.

non_real time video_y data[7:0]—The non-real-time sampled video luminance data for
this segment such that the first bit is the most significant bit of the code word.

non_real time video cb_data[7:0]—The non-real-time sampled video chrominance Cb data

for this segment such that the first bit is the most significant bit of the code word.

non_real time video cr_data|7:0]—The non-real-time sampled video chrominance Cr data

for this segment such that the first bit is the most significant bit of the code word.
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