000z Aieniqed ‘feunor 31 dWS

i

PROPOSED
SMPTE STANDARD

for Television —

SMPTE 319M

Transporting MPEG-2 Recoding
Information through 4:2:2
Component Digital Interfaces

Contents

1 Scope

2 Normative references

3 General

4 Definitions

5 MPEG-2 recoding information

6 Macroblock rate information

7 MPEG-2 recoding information transport mechanism
8 Picture rate information

1 Scope

This standard specifies an embedded transport
mechanism for the MPEG-2 recoding data set as
defined in SMPTE 327M for the representation of
MPEG-2 recoding information in ITU-R BT.656, 4:2:2
component digital interfaces.

The recoding data set is derived from an ISO/IEC
13818-1 and 2 compliant MPEG bit stream during
the decoding process, as described in ISO/IEC
13818-1 and -2.

For the minimum operation of this standard, the
MPEG-2 recoding data set shall be spatially and
temporally aligned to each decoded macroblock
mapped into an ITU-R BT.656 interface.

This standard specifies the spatially and tempo-
rally aligned transport of the MPEG-2 receding
data set within the active picture area on ITU-R
BT.656 interfaces for equipment that complies
with 1SO/IEC 13818-1 and -2, including
422P@ML and MP@ML for both the 625/50 and
525/60 video standards.
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2 2 Normative references

- The following standards contain provisions which,

through reference in this text, constitute provisions of
this standard. At the time of publication, the editions
indicated were valid. All standards are subject to
revision, and parties to agreements based on this
standard are encouraged to investigate the possibility
of applying the most recent edition of the standards
indicated below.

SMPTE 327M, Television — MPEG-2 Recoding Data
Set

ITU-R BT.601-5 (1994), Studio Encoding Parameters
of Digital Television for Standard 4:3 and Wide-Screen
16:9 Aspect Ratios

ITU-R BT.656-4, Interfaces for Digital Component
Video Signals in 525-Line and 625-Line Television
Systems Operating at the 4:2:2 Level of Recommen-
dation ITU-R BT.601 [Part A]

ITU-T H.222.0 with amend 1-2, ISO/IEC 13818-
1:1996, Information Technology — Generic Coding of
Moving Pictures and Associated Audio Information:
Systerns

ITU-T H.262 with amend 1/corr 1 and amend 2/corr 2,
ISONEC 13818-2:1996, Information Technology —
Generic Coding of Moving Pictures and Associated
Audio Information: Video

3 General

The principal application of this standard is to pre-
setve the quality of the video signal when cascading
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MPEG-2 decoders and coders for editing or transcod-
ing purposes by feeding forward previous coding
decisions.

The transport mechanism for the MPEG-2 recoding
data set permits the simultaneous processing of both
the video and the MPEG-2 recoding data set and,
consequently, of the MPEG bit stream. This allows
lossless cascading, frame accurate editing, and
logo/caption insertion to be performed.

The information contained in the MPEG-2 recoding
data set is defined in SMPTE 327M.

This recoding information shall be temporally locked
to the decoded (or partially decoded) video to the
nearest MPEG-2 frame or field depending on the
picture structure of the coded MPEG-2 bit stream. it
shall also be spatially locked with the decoded video
to the nearest MPEG-2 macroblock within the
decoded frameffield.

To accrue the full benefits of the recoding information
when cascading via a 4:2:2 component digital inter-
face, thefollowing recommendations shall be adhered
to:

- The transportation mechanism shall preserve at
least the 8 most significant bits of active video. The
mechanism outlined uses the least significant bit of
each 10-bit chrominance sample to transmit the
data through the ITU-R BT.656 interface.

. = ltis also necessary for the recoding information
to be aligned with the decoded MPEG macroblocks
in the decoded pictures, both spatially and tempo-
rally. This standard is based on producing an [TU-R
BT.656 output and will cover MPEG bit streams up
to and including 422P@ML and MP@ML for both
625/50 and 525/60 systems.

NOTE - Users should be aware that some existing equip-
ment using ITU-R BT.656 interfaces alters or uses the tenth
bit of the video samples for other (nonstandardized) pur-
poses, Where this occurs, the recoder will be unable to
benefit from the MPEG-2 recoding information.

4 Definitions

4.1 aligned: {Applied usually to recoding informa-
tion] arranged so that information relating to a
macroblock (or other region) is embedded within
that region of the decoded signal.
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4.2 bit stream: An ordered series of bits con-
forming to ISO/IEC 13818-2.

4.3 bottom field: One of two fields that comprise
a frame. Each line of a bottom field is spatially
located immediately below the corresponding
line of the top field.

4.4 cascading: The process where video that
has once been coded (compressed) is sub-
sequently decoded and coded once more. This
cascaded step could carry on for any number of
generations.

4.5 chrominance: The color-difference samples
defined in ITU-R BT.601.

4.6 coding: The process by which an uncom-
pressed video sequence is compressed to a bit
stream that conforms to ISO/IEC 13818-2.

4.7 column: A vertical column of macroblocks
spanning the full height of the decoded picture
(columns are numbered from left to right starting
at zero).

4.8 CRC: Cyclic Redundancy Check. A class of
error detecting codes used in this standard to
detect errors when the recoding information and
the decoded pictures are being edited or proc-
essed in an ITU-R BT.601 stream by external
equipment.

4.9 decoded video, decoded picture: Output video
generated by an 1SO/IEC 13818-2 compliant
decoder that complies with the ITU-R BT.656
interface standard.

4,10 decoder: A compressed bit stream decoder
that complies with ISO/IEC 13818-2.

4.11 DTS: Decoder Time Stamp (see I1SO/IEC
13818-1).

4.12 embedded: [Applied usually to recoding in-
formation) conveyed within a digital video signal
so as to be capable of being passed through
digital video equipment.

4.13 macroblock: Defined in ISO/IEC 13818-2
as a block of 16 x 16 luminance pixels.
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4.14 macroblock rate information: This corre-
sponds to the coding information from the
ISO/IEC 13818-2 bit stream that relates to the
individual macroblocks as defined in this stand-
ard.

4.15 MPEG profile/level: As defined in ISO/IEC
13818-2.

4.16 MPEG-2 recoding information: This com-
prises the elements defined in SMPTE 327M and
the additional information described in this
standard required for the practical transport and
use of the MPEG-2 recoding data set.

4.17 picture: As defined in ISO/IEC 13818-2.

4.18 plcture rate information: This corresponds
to the coding information from the ISO/IEC
13818-2 bit stream that relates to the whole
picture as defined in this standard.

4.19 PTS: Presentation Time Stamp (see
ISO/IEC 13818-1).

4.20 recoding data set: The set of information
defined in SMPTE 327M.

421 stripe: A horizontal row of macroblocks
spanning the full width of the decoded picture
(stripes are numbered from top to bottom start-
ing at zero).

4.22 sufficient: [Applied usually to recoding
data set] containing the necessary information to
enable transparent recoding (in a mathematical
sense) of the video signal.

4.23 top field: One of two fields that comprise a
frame. Each line of a top field is spatially located
immediately above the corresponding line of the
bottom field.

424 transcoding: A conversion within the
MPEG-2 stream domain, such as bit rate chang-
ing or changing the group of pictures (GOP)
structure.

4.25 video: A signal conforming to ITU-R
BT.601 in this standard.

SMPTE 313M

5 MPEG-2 recoding information
MPEG-2 recoding information comprises:
— The elements defined in SMPTE 327M.

- Additional elements from both macroblock and
picture rate information as described in this standard.

These additional elements are required to allow the
video and the MPEG-2 recoding information to be
edited in parallel using conventional ITU-R BT.601
based equipment.

The MPEG-2 recoding information is subsequently
aligned within the macroblock as described in figure 1.

6 Macroblock rate information

The contents of the MPEG-2 recoding data set relat-
ing to each macroblock will be spatially as well as
temporally aligned with the decoded video pixels
relating to that macroblock.

The elements in table 1 are at picture rate in the
MPEG-2 stream, but are inserted into MPEG-2 recod-
ing information at both picture and macroblock level
to create the alignment required to allow editing of the
resultant [TU-R BT.601 signal.

The elements in table 2 are required in the transport
mechanism to synchronize the video information and
the MPEG-2 recoding information.

Where reference is made to elements in ISO/IEC
13818-2, these are indicated in the text in italics.

7 MPEG-2 recoding information trans-
port mechanism

This comprises 256 bits of data per macroblock that
shall be placed bit by bit onto the least significant bit
of each 10-bit chrominance sample in the decoded
video.

The decoded 4:2:2 component video macroblock
corresponds to a matrix of 16 x 16 luminance compo-
nents and two matrices of 8 x 16 color-difference
components. Hence, in total there are 256 pixels of
luminance and 256 pixels of chrominance in each
macroblock. In ITU-R BT.656 video, the multiplexed
order for these pixels is Cp,Y,Cr,Y, etc.
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Figure 1 - Macroblock format of MPEG-2 recoding information
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Table 1~ Additional macroblock rate information

Parameter

No. of bits

Definition

top_tield_first

1-bit flag

Set to a value equal to top_field_first held in the original bit
stream and also indicates, along with repeat_first_{leld, the
temporal alignment of the recoding information with its
associated video.

repeat_first_field

1-bit flag

Set to a value equal to repeat_first_field held in the original
bit stream. The contents of the receding information of the
first field must also be repeated, as indicated by this flag.

422_420_chroma

1-bit flag

A value of 0 indicates the bit stream was 4:2:0 and chromi-
nance up-sampling was performed to output 4:2:2 video. A
value of 0 indicates the bit stream was 4:2:2 and no chromi-
nance fiitering was performed.

picrate_slement
picrate_element[31:16])
picrate_element[15:0]

16-bit ui
16-bit ui

Represents part of the picturse rate information for the present
picture and has its content dispersed within the decoded
picture, This is defined in further detail in clause 8.

q_scale_type

1-bit flag

Set to a value squal to g_scale_type held in the original bit
stream.

reserved

Thgsa blocks have no meaning and all the bits shall be set
to 0.

Table 2 - Additional transport elements

Parameter

No. of bits

Detinition

srib_sync_code

5-bit flag

This Is a fixed bit-string, 11111, which shall be used to indicate
the left alignment of the first row of each macroblock.

{r_fl_srib

1-bit flag

This flag shall be set to the value 1 when plcture_structure is
set to frame picture structure (value 11) and indicates that the
MPEG-2 recoding information is distributed over 16 frame
lines. If picture_structure is not set to frame (value 11), then
the flag is set to 0 and the recoding information Is distributed
over 16 tield lines. This mechanism ensures that the recoding
information remains spatially and temporally locked to the
corresponding pixels in the decoded video frames/fields. The
distribution of the recoding information for frame pictures and
field pictures Is further shown in figures 2 and 3.

rolling_srib_mb_ref

16-bit ui

This is a 16-bit modulo 65521 rolling reference value {sse note).
This rolling reference increments on every macroblock of the
transmitted picture. The count shall be continuous across trans-
mitted plcture boundaries. This value shall be initialized at start-up
to a number selectable between 0 and 65520 inclusive. This is to
allow systems of decoders to be bullt with unique recoding informa-
tion identifiers.

srib_crc

srib_crc[31:16]
stib_crc[15:0]

16-bit ui
16-bit ui

A 32-bit CRC to allow error detection for each macroblock of
the MPEG-2 recoding information. A model for the operation
of this 32-bit CRC is defined in annex A of ISO/IEC 13818-1.
The CRC is calculated on the 224 data bits of the macroblock
of MPEG-2 recoding information taken In raster order, using
the following generator polynomial:

X e x®ex2exM x4+ + 3 +x 438 £x+1

NOTE - The largest 16-bit derived prime number was chosen to ensure that there is a minimum coherence
betwsen the position of the macreblock and its equivalent address in subsequent pictures.
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QOdd lines of macroblock format
Re-Coding Information

Stripe 0
Column O

i

Stripe 1
Column 1

Even lines of macroblock format

Re-Coding Information

Figure 2 - Recoding information in frame coded pictures (fr_fi_srib=1)

Stripe 0
Column O

Macroblock format
Re-Coding Information
for Top Field

"

Macroblock format
Re-coding Information
for Bottom Field

Figure 3 ~ Recoding information in field coded pictures (fr_fl_srib=0)
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To increase the resilience of the detection of edits in
the macroblock formatted recoding information, a
form of parity scrambling is applied to the data before
being placed in the least significant bit of the 10-bit
chrominance samples.

The parity scrambling scheme used is shown in figure
4, where the bits represent the bits of 10-bit video (i.e.,
bits 2 through 9 correspond to the 8-bit video).

Consider the first few video samples in a stream as
being Cp0, YO, C/0, Y1, Cbl, Y2, Cr1, Y3, etc. The
parity for scrambling the macroblock formatted recod-
ing information inserted into each chrominance sam-
ple is derived by combining the parity of the
chrominance sample with the parity of the subsequent
luminance sample in the video stream.

For example, the parity used to scramble the macro-
block formatted recoding information for sample C0
above is the combined parity of Ct0 and YO, the
scrambling of data for C;0 is taken from the combined
parity of C;0 and Y1, etc.

A detailed example of the macroblock formatted re-
coding information bits encoded intothe [TU-R BT.656
samples for the first four luminance and associated
chrominance samples is shown in table 3.

8 Picture rate information

This clause defines the picture rate information re-
quired in the recoding information. Table 4 shows the
elements which must be included.

The picture rate information must all pass without
error in order to achieve the best performance when
recoding. Therefore, the picture rate information must
be sent in a reasonably rugged way and it is for this
reason that several copies are sent in the macroblock
formatted recoding information distributed around the
picture in the manner which will now be discussed.

In order to carry the full picture rate information, 4320
bits are required. Each macroblock of recoding infor-
mation shall carry a 32-bit element of this picture rate
information which will therefore require a total of 135
macroblocks in order to cany the full picture rate
information. The number of copies which will then
be distributed for the main picture types and video
formats are given in table 5.

SMPTE 31SM

Other formats also exist, for example, in 422P@ML,
the formats 720 x 608 pels for 625/50 frame and 720
x 512 pels for 525/60 frame. For these and other
picture formats where a noninteger number of copies
are available, incomplete copies will exist in the lower
stripes of each picture.

The content of the picture rate information is de-
scribed in SMPTE 327M and in more detail as regards
the transport mechanism in table 4.

The distribution of the picture rate information must be
such that common video processes such as caption
orlogo insertion permit the full extraction of the picture
rate information. The equation given below gives the
optimal distribution of picture rate elements in each
macroblock of the MPEG-2 recoding information,
regardless of the picture type and video format used,
given the stripe and column address of that macro-
block:

picrate_element_index = [ (stripe % 3) *45 +
column + (27 * (stripe/ 3) } ] % 135

The mathematical symbols are as defined in ISONEC
13818-2. .

8.1 Picture rate elements

Table 4 shows a listing of the elements taken from the
bit stream which will be included in the MPEG-2
recoding information.

For each element of the picture rate information, a
category can be defined according to the way the
information should be conveyed within the MPEG-2
recoding information. These categories are defined
and numbered in the list below, with a definition of how
this information is conveyed:

1) Represents values that are taken directly from
the bit stream when present in the current picture,
otherwise these values are undefined.

2) Represents values which might not be present
in the bit stream for each picture, but which are
required in each picture where MPEG-2 recoding
information is embedded. These elements must be
repeated in each picture based on previous values
encountered in the bit stream.

3) Represents values that are not directly present
in the bit stream, but must be derived for every
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picture where the recoding information is to be
embedded.

The category of each picture rate information element
is given for each element in table 4.

The 32-bit protection CRC to allow error detection for
the picture rate information is defined by the model in
annex A of ISO/MIEC 13818-1. The CRC is calculated
on the 4288 data bits of the embedded MPEG-2
recoding picture rate information taken in the order
given in table 4.

Luma/
Chroma
Dis:0} X A[:0]
vam N o a = MUX for Least o)
S es Significant Bit
Sample — Video Samples with -
Clock Macroblock formatied
D9 Re-coding Information
08
X_Bj
D7
D6
] Q
0s
D4
Sample ——1>
Clock
03
02

Macroblock formatted

Re-coding Infomation

Figure 4 — Embedding of the macroblock formatted recoding information

Table 3 — Layout of the macroblock formatted recoding information within the video data

D9 Cp[0][9] Y[olis] Cd0)[9] Y[1][9] Csl1][9) Y[2j[9] Ci[1309] Y[3)(9]
D8 Co[0][8] Y[o)is] Cdo)e) MUG)] Coi1](8) Y[2)i8] Cil1]I8] Yi3]ig]
D7 Cu{0)[7) Y[0}{7} Cdoli71 MU Ce[11[7] YI21(7] C1i7] Yi3)7]
D8 | Col0li6) Yioji6} Cd0]16] Y11)is) Cul1]16) Y[2)i6} Crli6) Yialie)
D5 | Cbl0]i5] YIol5] CdojIs] Y[3i5] Co[11(5) Yi2]i5] CH11[5) Y3118
D4 Col0][4] Y[oj{4) CH0][4] YI1)4] Cel1]{4] Y[2)i4] Ci1104] Y3114
D3 Col0][3] Y[0}3] Cd0](3] Y8y Co{1113] Yi2)[3] Ci11(3] Y[3)(3]
b2 Col[0[2) Ylojf2} Cdoi2] Y[)i2] Col1][2] Y[2)(2] Ci1][2) Yi3li2
D1 Co{O}[1] YIol{1] cdo1] Y1) Col1][1] Yi2][1) Ci1JI1) Y811
DO [Macroblock| Y[0]{0] [Macroblock| Y[1][0] [Macroblock| Y[2][0] |Macroblock| Y([3][0]

formatted formatted formatted formatted

recoding recoding recoding recoding
information information information information
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Table 4 — Picture rate elements

SMPTE 319M

No. | Bit Bit
Number of |offset [offset | Data
Parameter format bits | from | to |category Details

MPEG standard flag 1-bit flag 1 0 0 3 1=>MPEG1:0=>MPEG2

red_bw_{lag 1-bit flag 1 1 1 3 Default = 0

red_bw_indicator 3-bit ui 3 2 4 3 Default = 000

header present flags 2 flags 2 5 6 3 Sequence header pre-
sent flag, GOP header
present flag
Indicates if a given

Extension start code flags 16 flags 16 7 22 3 extsnsion start code
exists. The 16 flags
correspond to the 16
entries in table 6.2 of
ISO/IEC 13818-2 in the
order they are listed.

Othsr start codes 3 flags 3 23 25 3 user_data_start_code
sequence_error_code
sequence_end_code

sequence header

horizontal_size 14-bit uimsbf | 14 26 39 2 Includes extension

vertical_size 14-bit uimsbf{ 14 40 53 2 Includes extension

aspect_ratio_information 4-bit uimsbf| 4 54 57 2

frame_rate_code 4-bit uimsbf 4 58 61 2

bit_rate 30-bit uimsbf| 30 62 91 2 Includes extension

vbv_buffer_size 18-bit uimsbf| 18 92 | 109 2 Includes extension

constrained_parameter_flag 1-bit flag 1 110 | 110 2

sequence extension

profile_and_level_indication 8-bit uimsbf 8 111 ] 118 2

progressive_sequence 1-bit flag 1 119 | 119 2

chroma_format 2-bit uimsbf| 2 | 120 ] 121 2

low_delay 1-bit flag 1 122 | 122 2

video_format 3-bit uimsbf| 3 |} 123 | 125 2

color_description 1-bit tiag 1 126 | 126 2

color_primaries 8-bit uimsbf 8 127 | 134 2

transfer_characteristics 8-bit uimsbf| 8 135 | 142 2

matrix_coefficlents 8-bit uimsbt 8 143 | 150 2

display_horizontal_size 14-bit uimsbf| 14 | 151 | 164 2

display_vertical_size 14-bit uimsbf| 14 | 165 | 178 2

group of pictures header

time_code 25-bit field 25 | 179 | 203 2

closed_gap 1-bit flag 1 204 | 204 2

broken_link 1-bit flag 1 205 | 205 2

(continued)
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Table 4 — Picture rate elements (continued)
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No. | Bit | Bit
Number of |offset |offset | Data
Parameter format bits | from | to |category Details
picture header
temporal_reference 10-bit uimsbf| 10 | 206 | 215 1
picture_coding_type 3-bit uimsbf| 3 | 216 | 218 1
vbv_delay 16-bit uimsbf| 16 | 219 | 234 1 To be calculated
{see note 1)
tull_pel_forward_vector 1-bit flag 1 235 | 235 1
forward_{_cods 3-bit uimsbt 3 236 | 236 1
full_pel_backward_vector 1-bit flag 1 239 | 239 1
backward_{_code 3-bit uimsbf{ 3 | 240 | 242 1
picture coding extension
forward_horizontal_f_code 4-bit uimsbf 4 | 243 | 246 1
forward_vertical_{_code 4-bit uimsbt 4 247 | 250 1
backward_horizontal_{_code 4-bit uimsbf 4 | 251 | 254 1
backward_vertical_{_code 4-bit uimsbt 4 | 255 | 258 1
intra_dc_precision 2-bit uimsbf 2 | 259 260 1
picture_structure 2-bit uimsbf 2 | 261| 262 1
top_field_first 1-bit flag 1 263 | 263 1
frame_prad_frame_dct 1-bit flag 1 2641 264 1
concealment_motion_vectors 1-bit flag 1 265 | 265 1
q_scale_type 1-bit flag 1 266 | 266 1
intra_vic_format 1-bit flag 1 267 | 267 1
alternate_scan 1-bit flag 1 268 | 268 1
repeat_{irst_field 1-bit flag 1 2691 269 1
chroma_420_type 1-bit flag 1 270 | 270 1
progressive frame 1-bit flag 1 271 | 271 1
composite_display_flag 1-bit flag 1 272 | 272 1
v-axis 1-bit flag 1| 273| 272 1
field_sequence 3-bit uimsbf 3| 274 | 276 1
sub_carrier 1-bit flag 1 277 | 277 1
burst_amplitude 7-bit uimsbf 7 | 278 | 284 1
sub_carrier_phase 8-bit uimsbf 8 | 285| 292 1
quant matrix extension See note 2.
load_intra_quantizer_matrix 1-bit flag 1 293 | 293 1
load_non_intra_quantizer_matrix 1-bit flag 1 294 | 294 1
load_chroma_intra_quantizer_matrix 1-bit flag 1 2951 295 1
load_chroma_non_intra_quantizer_matrix | 1-bit flag 1 296 | 296 1
intra_quantizer_matrix[64] 64° 0..255 512 | 297 | 808 2
non_intra_quantizer_matrix[64) 64* 0..255 512 | 809 |1320 2
chroma_intra_quantizer_matrix[64] { 64* 0..255 512 | 1321 | 1832 2
chroma_non_intra_quantizer_matrix[64] | 64" 0..255 512 | 1833 | 2344 2
(continued)
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Table 4 - Picture rate elements (concluded)
No. Bit Bit
Number of [offset | offset Data
Parameter format bits | from to category Details
picture display extenslon
frame_center_hotizontal_offset_1 | 16-bit uimsbf 16 |2345] 2360 2
frame_center_vertical_offset_1 16-bit uimsbf 16 | 2361 2376 2
frame_center_horizontal_offset_2 | 16-bit uimsbf 16 | 2377 | 2392 2
frame_center_vertical_offset_2 16-bit uimsbf 16 | 2393 | 2408 2
frame_center_horizontal_offset_3 | 16-bit uimsbt 16 | 2409 | 2424 2
frame_center_vertical_offset_3 16-bit uimsbf 16 | 2425 | 2440 2
copyright extension
Copyright tlag 1-bit flag 1 {2441 ] 2441 2
Copyright identifier 8-bit code 8 | 2442 2449 2
Original or copy 1-bit flag 8 | 2450 | 2450 2
Copyright number 64-bit uimsbt 64 | 2451 | 2514 2
PTS/DTS
PTS_DTS_flag 2-bit flag 2 | 2515 | 2516 1
PTS value 33-bit uimsbf 33 | 2517 | 2549 2
DTS value 33-bit uimsbf 33 | 2550 | 2582 2
spare reserved bits
Spars [41-bituimsbt | 41 [2583 [ 2623 | |
user data area
User data i | 16642624 4287 [ 2 ]
picture rate information CRC
32-bit protection CRC [a2-bit uimsbt | 32 [4288] 4319 | ]

NOTES

1 This value shall be calculated as defined in SMPTE 327M.
2 Refer to SMPTE 327M for further details.

Table 5~ Repetition of picture rate information

Video format Pels No. of MBs No. of coples
625/50 frame 720 x 576 1620 12
625/50 field 720 x 288 810 6
525/60 frame 720 x 480 1350 10
525/60 field 720 x 240 675 5
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1 Scope

This standard specifies the content of the picture
related recoding data set for the representation of
ISONEC 13818-2 MPEG coding information {for the
purpose of optimally cascading decoders and
recoders at any bit rate or GOP structure. The coding
information is as derived from an ISO/IEC 13818
compliant MPEG bit stream during the picture decod-
ing process, as described in ISO/IEC 13818-2.

The scope and operation of this standard are the
definition of the content of a sufficient recoding data
setwhich may be derived indecoders that comply with
ISONEC 13818-2, including all nonscalable profiles
defined in ISO/IEC 13818-2.

To allow the resynchronization of the video and its
associated audio or data after processing, a mecha-
nism using some additional information derived from
ISO/IEC 13818-1 is also included in this standard.

This sufficient data set may be transported by various
means defined in other SMPTE standards.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of
this standard. At the time of publication, the editions
indicated were valid. All standards are subject to
revision, and parties to agreements based on this
standard are encouraged to investigate the possibility
of applying the most recent edition of the standards
indicated below.

ITU-T H.222.0 with amend 1-2, ISO/IEC 13818-
1:1996, Information Technology — Generic Coding of
Moving Pictures and Associated Audio Information —
Part 1: Systems

ITU-T H.262 with amend 1/corr 1 and amend 2/corr 2,
ISONEC 13818-2:1996, Information Technology —
Generic Coding of Moving Pictures and Associated
Audio Information — Part 2: Video

3 General

The principal application of this standard is to pre-
serve the quality of the video signal when cascading
MPEG-2 decoders and coders (including transcoding)
by feeding forward previous coding decisions.

The MPEG-2 recoding data set is described as suffi-
cient when it contains the data required that, in com-
bination with an MPEG-2 decoded or partially
decoded picture, allows bit accurate recreation of the
previously picture coded bit stream.

The various methods whereby the data set is trans-
ported alongside the MPEG-2 decoded or partially
decoded picture information are the subject of other
standards.

Copyright © 1999 by THE SOCIETY OF
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This standard describes the content of the MPEG-2
recoding data set as extracted or derived from an
MPEG-2 bit stream.

The information required in the sufficient MPEG-2
recoding data set can be broken down into three parts.
These three parts consist of the picture rate informa-
tion {(described in clause 5), the macroblock rate
information (described in clause 6), and some addi-
tional information (described in clause 7).

4 Definitions

4.1 bitstream: An ordered series of bits con-
forming to ISO/IEC 13818-2.

4.2 bottom field: One of two fields that comprise
a frame. Each line of a bottom field is spatially
located immediately below the corresponding
line of the top field.

4.3 cascading: The process where video that
has once been coded (compressed) is sub-
sequently decoded and coded once more. This
cascaded step could carry on for any number of
generations.

4.4 coding: The process by which an uncom-
pressed video sequence is compressed to a bit
stream that conforms to ISO/IEC 13818-2.

4.5 column: A vertical column of macroblocks
spanning the full height of the decoded picture
(columns are numbered from left to right starting
at 0).

4.6 decoder: A compressed bit stream decoder
that complies with ISO/IEC 13818-2.

4.7 DTS: Decoding time stamp (see ISQO/IEC
13818-1).

4.8 macroblock: Defined in ISO/IEC 13818-2 as
a block of 16 x 16 luminance pixels.

4.9 macroblock rate Information: This comesponds
to the coding information from the ISO/IEC
13818-2 bit stream that relates to the individual
macroblocks as defined in this standard.

4.10 MPEG profile / level: As defined in ISO/IEC
13818-2.

Page 2 of 9 pages

4.11 picture: As defined in ISO/IEC 13818-2.

4,12 picture rate information: In this standard,
this corresponds to the coding information from
the ISO/IEC 13818-2 bit stream that relates to
the whole picture plus some additional informa-
tion derived from sequence and GOP headers.

4.13 PTS: Presentation time stamp (see
ISO/IEC 13818-1).

4.14 recoding data set: The set of information
derived from an ISO/IEC 13818-1/2 compliant
stream which, when accompanied by decoded or
partially decoded video information, assists in
the recreation of the original bit stream as de-
fined in this standard.

4.15 stripe: A horizontal row of macroblocks
spanning the full width of the decoded picture
{stripes are numbered from top to bottom start-
ing at 0).

4.16 sufficient: [As applied usually to the recoding
data set] allows bit accurate recreation of the
previously picture coded bit stream when used
in combination with the decoded or partially de-
coded picture.

4.17 top field: One of two fields that comprise a
frame. Each line of a top field is spatially located
immediately above the corresponding line of the
bottom field.

4.18 transcoding: A conversion within the
MPEG-2 stream domain, such as bit-rate chang-
ing or changing the group of pictures (GOP)
structure.

5 Picture rate information

This clause defines the minimumn picture rate informa-
tion required by the MPEG-2 recoding data set. Table
1 lists the elements taken from the bit stream which
shall be included.

For the bit order and number format of this informa-
tion, refer to the corresponding transport mecha-
nism.

SMPTE 327M

Table 1 -~ Picture rate elements

No. of bits
Parameter (5“1)"“3 Notes

Sequence header present flag 1-blt flag

GOP header present flag 1 flag

Extension start code flags 16 flags Indicates if a given extension start code exists.
The 16 flags correspond to the 16 entries in table
6.2 of ISO/IEC 13818-2 in the order they are listed.

Other start code flags 3 flags user_data_start_code, sequence_error_code,
sequence_end_code

sequence header

horizontal_size 14-bit ui Includes extension

vertical_size 14-bit ul Includes extenslon

aspect_ratio_{nformation 4-bit ul

frame_rate_code 4-bit ul

bit_rate 30-bit ui

vbv_buffer_size 18-bit ui Includes extension

constrained_parameters_flag 1-bit flag

sequence extension

profile_and_level_indication 8-bit ui

progressive_sequence 1-bit tlag

chroma_format 2-bit ui

low_delay 1-bit flag

q display ext

video_format 3-bit ui

color_description 1-bit flag

color_primaries 8-bit ui

transfer characteristics 8-bit uj

matrix_coefficients 8-bit ul

display_horizontal_size 14-bit ui

display_vertical_size 14-bit ul

group of pictures header

time_code 25-blt field

closed_gop 1-bit flag

broken_link 1-bit flag

picture header

temporal_reference 10-bit ul

picture_coding_type 3-bit ul

vbv_delay 16-bit ui See note 2

full_pe)_forward_vector 1-bit flag

forward_f_code 3-bit ui

full_pel_backward_vector 1-bit flag

backward_f_code 3-bit ul

picture coding extension

forward_horizontal_f_code 4-bit ui

forward_vertical_f_code 4-bit ui

backward_horizontal_f_code 4-bit ui

backward_vertical_f_code 4-bit ui

(continued)

Page 3 of 9 pages
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Table 1 - Picture rate elements (concluded)

6 Macroblock rate information

The MPEG-2 recoding data set contains macro-
block rate elements that are either extracted or
derived from the MPEG-2 bit stream. Table 2
contains the information directly extracted from the
MPEG-2 bit stream while table 3 contains the
elements that are derived.

Together these lists show all the data elements
that are required for each macroblock in order
to create the sufficient MPEG-2 recoding data
set.

SMPTE 327M

6.1 Information extracted from the original bit
stream

Where reference is madeto elements in ISO/NIEC 13818-
2, these are indicated in the text in italics (see table 2).

6.2 Information derived from the original bit
stream

Thefollowing information is not available directly from
the original MPEG-2 stream, but can be derived from
the bit stream during the decoding process. Where
reference is made to elements in ISO/IEC 13818-2,
these are indicated in the text in italics (see table 3).

No. of bits
Parameter (5”1 note Notes

intra_dc_precision 2-bit ui
plcture_structure 2-bit ul
top_field_{first 1-bit flag
frame_pred_frame_dct 1-bit flag
concealment_motion_vectors 1-bit flag
q_scale_type 1-blt flag
intra_vic_format 1-bit flag
alternate_scan 1-bit flag
repeat_first_fisld 1-bit flag
chroma_420_type 1-bit flag
progressive_{frame 1-bit flag
composite_display_flag 1-bit flag
v_axis 1-bit flag
{leld_sequence 3-bit ul
sub_carrier 1-bit flag
burst_amplitude 7-bit ui
sub_carrier_phase 8-bit ui
quant matrix il See note 3
load_intra_quantizer_matrix 1-bit field
load_non_intra_quantizer_matrix 1-bit flag
load_chroma_intra_quantizer_matrix 1-bit flag
load_chroma_non_intra_quantizer_matrix | 1-bit flag
intra_quantizer_matrix [64] 64* 0..255
non_intra_quantizer_matrix [64] 64° 0..255
chroma_Intra_quantizer_matrix [64] 64* 0..255
chroma_non_intra_quantizer_matrix {64] 64° 0..255
picture display extension
frame_center_horizontal_offset_1 16-bit ul
frame_center_vertical_offset_1 16-bit ul
frame_center_horizontal_offset_2 16-bit ul
frame_center_vertical_offset_2 16-bit ui
frame_center_horizontal_offset_3 16-bit ui
{rame_center_vertlcal_offset_3 16-bit ul

NOTES

1 The order and number format of each element Is defined in the appropriate transport mechanism.

2 This value shall be recalculated as vbv_delay = DTS-PCR, where this calculation is done at the points
where the DTS is received. If no DTS is present tor the current picture, then the value of DTS shall be
calculated as defined in reference clause 2.5.2.3 of ISO/IEC 13818-1.

3 The following elemsnts of the bit stream may be present in either the sequence header or the quant
matrix extension (or bath). The information required by the MPEG-2 recoding data set is exactly that
required by an MPEG-2 video dacoder. That is, In the case of 4:2:2 profile, the quantizer matrix values
shall be taken from the last set of values received in the bit stream for each of the four matrices, unless
a sequence header was received at the beginning of the current picture and no matrix was loaded In
either the sequence header or the quant matrix extension, in which case the valuas will be taken from
the default tables In ISO/IEC 13818-2. The load_quantizer_matrix flags shail be set to 1 if, and only if,
either of the two possible occurrences of those flags in the bit stream takes the value 1. In the case of
the Main Progle, exactly the same procedure Is followed except that all values relating to chroma matrices

L__are undefine

Page 4 of 9 pages

Table 2 - Information extracted from MPEG-2 bit stream

Parameter No. of bits Definition

mb_quant 1-bit flag Value equal to macroblock_quant, derived from
macroblock_type.

mb_mfwd 1-bit flag Value equal to macroblock_motion_forward, derived from
macroblock_typs.

mb_mbwd 1-bit flag Value equal to macroblock_motion_backward, derived from
macroblock_type.

mb_pattern 1-bit flag Value equal to macroblock_pattern, derived from
macroblock_type.

mb_intra 1-bit flag Value equal to macroblock_Intra, derived from
macroblock_typs.

mb_vert_fleld_sel[r]{s] 4-bit ul Value equal to motion_vertical_field_sslect{r][s].

det_type 1-bit flag Value equivalent to det_type held in the original bit stream.

motion_type 2-bit ui Value equivalent to frame_motion_type In frame pictures
and fleld_motion_type in field pictures when present in
the original bit stream. If neither frame_motion_type nor
field_motion_type Is present in the bit stream, then the
value of motion_type Is not defined.

g_scale_code 5-bit ui Value equal to g_scale_cods.

coded_block_pattern[7...0) 8-bit ui Value equivalent to coded_block_pattern{7...0] held in the
original bit stream.

mv [¢]Es]it] Values corresponding to the derived motion vectors

mv [0)[0)[0) 13-bit si vector [r][s][t], as defined in clause 7.6.3 of ISO/IEC

mv [0]{0){1} 9-bit sl 13818-2. The meanings assoclated with the dimenslons

mv [0][1]{0] 13-bit si in the arrays mv [r] [s] [t] and vector [rj[s]{t] are defined

mv [0][1){1} 9-bit si in table 7-7 of ISO/IEC 13818-2. The number format is

mv {1]{o]{0] 13-bit si twos complement and is specitied to an accuracy of one

mv [1]{0)(1] 9-bit si half sample.

mv [1][1](0] 13-bit si

mv [(1JI1)[1) 9-bit sl

Page S of 9 pages
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Table 3 — Information derived from MPEG-2 bit stream

Parameter

No. of bits

Definition

skipped_mb

1-bit flag

Derived from the values of macroblock_sscape and
macroblock_address_Increment as defined in clause
6.3.17 of 1ISO/IEC 13818-2. skipped_mb will be set to

1 if the current macroblock has been skipped; otherwise
itis 0.

slice_start_flag

1-bit flag

Set to the value 1 if the current macroblock is the first
macroblock in a slice; otherwise it is set to 0.

num_coef_bits

14-bit ui

Sat to the number of bits used by all codes in the syntax
elements coded_block_pattern() and block(), within the
syntax element macroblock(), defined in cl 6.2.5 of
ISO/IEC 13818-2.

num_mv_bits

6-bit ui

Set to the number of bits used by all codes in the syntax
elements motion_vectors(0) and motion_vectors(1) within
the syntax element macroblock(), defined in clause 6.2.5

num_mv_bits [7:2]

num_mv_bits [1:0) 2-bit ui

of ISO/IEC 13818-2.

num_other_bits 7-bit ui

Set to the number of bits used in the syntax element
macroblock(), defined in clause 6.2.5 of ISO/IEC
13818-2, excluding those codes accounted for by
num_mv_bits and num_coef_bits.

7 Transport of the MPEG-2 recoding
data set

The previous clauses describe the necessary infor-
mation for the sufficient MPEG-2 recoding data set.
However, additional information and suitable trans-
port mechanisms are required in order to be able to
fully exploit this information in practical systems. The
following additional infonmation shall be available in
all transport mechanisms:

- Userdata: This is unboundedby ISO/IEC 13818-
2. Adefined capacity shallbe made available by the
transport system employed, so that essential
elements can be passed with the MPEG-2 recoding
data set.

~ Copyright: The copyright extension defined in
ISO/IEC 13818-2 is not necessary for cascading
operations. However, it is necessary that this infor-
mation should be propagated through the system
and it, therefore, forms an integral part of the
standard.
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7.1 Additional information derived from a
packetized olementary stream

Where the original source was derived froma packet-
ized elementary stream, the following additional infor-
mation must be included:

— PTS/DTS as defined in ISO/IEC 13818-1. As
audio, video, and other services are frequently split
apart and pass through independent signal proc-
essing paths, it is necessary to add this information
to enable the reconstruction of the complete stream
after such processing.

7.2 Additional information derived from an
elementary stream

Where this information is derived from an elementary
stream, the appropriate mechanism is described in
SMPTE 328M.

8 Compressed stream format for band-
width reduced systems

There are, however, circumstances in which the trans-
mission of the sufficient data set described in this

standard is not possible. Some existing equipment
has a very low capacity for the transmission of the
recoding data and this limit will have an impact on
subsequent stages including the MPEG-2 recoding
process.

Examples of such equipment are those which are not
transparent in the active video region and/or are re-
stricted in their capacity to cany the additional data.
However, such equipment may still be able to trans-
port some recoding information.

Transporting a limited set of recoding data can still
have a beneficial effect on the final recoding stage
though clearly not as effective as the use of the
sufficient data set. There are two methods to reduce
the bit rate of the sufficient recoding data set:

The first step is to use variable-length coding (VLC)
for those parts of the recoding data which have redun-

dancy.

A full description of this mechanism is defined in
SMPTE 329M.

SMPTE 327TM

Where this remains insufficient for the reduced band-
width available, use of a subset of the recoding data,
considering the balance and trade-off between the
band limiting effect and the recoded picture quality,
may be used.

To ensure interoperablity between the various trans-
port mechanisms proposed for the MPEG-2 recoding
data set, it is essential to ensure the consistency of
the reduced bandwidth syntax representation. This is
defined in the reduced bandwidth indicator table (table
4) and shall be incorported into all transport mecha-
nisms using this data set.

Reduced bandwidth operation shali be siénaled inthe
following manner:

red_bw_flag shall be set to 0 in normal operation. For
reduced bandwidth operation, this flag shall be setto 1.

Where the red_bw_flag is set to 1, then the
red_bw_indicator shall be examined to determine
what information shall be present from the MPEG-2
recoding data set as defined in table 4.

Table 4 — Reduced bandwidth indicators

red_bw_Indicator_

num_coef_bits, num_mv_bits, num_other_bits

q_scale_code, q_scale_type

motion_type, mv_vert_field_sel[r][s], mv[r][s]t]

mb_miwd, mb_mbwd

mb_pattern
coded_block_pattern
mb_intra
slice_start
dct_type
mb_quant

skipped mb
Indicator 0 0 1 1 1 1 1 1 1 1 1 1
Indicator 1 0 1 1 1 1 0 1 0 1 0 0
Indicator 2 0 1 0 0 0 0 ] 0 0 o] 0
Indicator 3 0 0 [ 0 0 0 0 0 0 0 0
NOTES
1 0 = this information is not present.
2 1 = this Information exists.
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Annex A (informative)
Transport mechanisms

This annex contains inf tion about the vari d
transport mechanisms for the MPEG-2 recoding ' data set
and the relationships among these standards (see figure
A).

A.1 Transport mechanism for block based editing

To allow for the editing of the MPEG-2 recoding data set to
occur in parallel with the decoded video. the followlng key
featu will be required of the t P

— Spatial alignment of the decoded video and the MPEG-2
data sstona biock basls;

- } ali t of the decoded video and the MPEG-2

ding data seton a block and picture basis;

~ Asystem to accompany or embed this information into the
ITU-R BT.601 stream without adversely affecting the picture
quality for standard definition systems and a similar system for
high-definition systams;

— This system must also allow the MPEG-2 racoding data set to
be destroyed in the areas of the picture where two or more video
signals overlap.

For this type of t t hani: all block rate
must be ilable on a block basis.

1fin the MPEG-2 decoding process, there is a need to derive
or infer certain elements for use in the decoding of the

current block {e.g., skipped block), then all the
elements described in clause 6 must be set to those used
by the decoding p as defined in ISONEC 13818-2.
Page 8 of 9 pages

A full description of the standard defined
transport mechanism is glven in SMPTE 319M.

of this

A2 History Information

There are instances where a video signal is first coded by a
long GOP, low bit rate coder to get the cost benefit of the
source madia. This may then be converted to a short GOP,
high bit rate stream to get functional benefits, such as splic-
ing and VTR stunt play modes. The short GOP signal may
then be converted back to a long GOP low bit rate stream at
the output,

In such cases, conversion may be done in the compressed
domain and it Is useful to keep the first set of long GOP
coding data presentin the short GOP comprassad bit stream
and pass this to the next p der to achi
the best picture quality at each generation. The cartiage of
this recoding data from the last but one encoder is called
history recoding data. For the reasons outlined in clause 8,
a bandwidth limited recoding data set may also be required
for this history.

It is also clear that the history recoding data may be carried

sl!hsrin lhe baseband (ITU-R 8T.601 for standard definition

in or the p d bit stream domain de-

ding on the i Methods for the carriage of

hlstory recodlng data will be required for both the baseband
and bit stream domains.

The system required to reduce the bandwidth is described
in SMPTE 329M.

The method of transporting this signal in the baseband
domain is defined in SMPTE 319M.

SMPTE 327M
MPEG-2
Recoding Data Set .
Logical
Level
Compressed Stream
Format of the MPEG-2 Compressed
Recoding Data Set Level -
Transport
Levels
Transporting MPEG-2 Recoding y
Information through 4:2:2 Elrr:fe 2 Video
Component Digital Interfaces E cﬁtingl lltalnfoymanh eajtion"
Transport of MPEG-2 Cther
Recoding Information Systems
through AES Audio Channel

Figure A.1 - Relationships among SMPTE standards
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PROPOSED SMPTE 328M
SMPTE STANDARD

for Television —

MPEG-2 Video Elementary

Stream Editing Information

1 Scope

This standard defines the MPEG video elementary
stream (ES) information to facilitate seamless edits
under defined circumstances. The video ES, as de-
fined by the MPEG standards, are supplemented with
additional information for professional studio applica-
tions. Supplementary information will be carried within
the sequence header and the user data area of the
video ES. This standard defines the data to be carried
and the location of the data.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of
this standard. At the time of publication, the editions
indicated were valid. All standards are subject to
revision, and parties to agreements based on this
standard are encouraged to investigate the possibility
of applying the most recent edition of the standards
indicated below.

ANSVSMPTE 293M-1996, Television — 720 x 483
Active Line at 59.94-Hz Progressive Scan Production
— Digital Representation

ANSVSMPTE 296M-1997, Television — 1280 x 720
Scanning, Analog and Digital Representation and
Analog Interface

SMPTE 12M-1999, Television, Audio and Film —
Time and Control Code

SMPTE 274M-1998, Television — 1920 x 1080 Scan-
ning and Analog and Paralle! Digital Interfaces for
Multiple Picture Rates

SMPTE 309M-1999, Television — Transmission of
Date and Time Zone Information in Binary Groups of
Time and Control Code

SMPTE 326M, Television — SDTI Content Package
Format (SDTI-CP)

SMPTE 327M, Television— MPEG-2 Video Recoding
Data Set

SMPTE RP 186-1995, Video Index Information Cod-
ing for 525- and 625-Line Television Systems

SMPTE RP 202, Video Alignment for MPEG-2
Coding

- ISONEC 13818-2:1996, Information Technology —

Generic Coding of Moving Pictures and Associated
Audio Information: Video

ITU-R BT.601-5 (10/95), Studio Encoding Parameters
of Digital Television for Standard 4:3 and Widescreen
16:9 Aspect Ratios

ITU-R BT.656-4 (02/98), Interfaces for Digital Compo-
nent Video Signals in 525-Line and 625-Line Televi-
sion Systems Operating at the 4:2:2 Level of
Recommendation ITU-R BT.601 [Part A]

3 MPEGES

ISO/IEC 13818-2 defines the characteristics of the
MPEG elementary stream (ES). When used in a
professional environment where seamless edits
(splices) are required, supplementary data needs to
be carried by the bit stream.

Copyright © 1069 by THE SOCIETY OF
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3.1 General

Seamless frame accurate editing of compressed
video is most easily accomplished with use of short
GOP structures. Longer GOP structures can be edited
by decoding and reencoding, by transcoding to
shorter GOP structures, or with more involved proc-
essing, edited directly. The best approach will be
determined by a range of application-specific consid-
erations.

3.2 Sequence header

ISO/IEC 13818-2 does not define the repetition
frequency of the sequence header. To be compliant
with this standard, the sequence header shall exist at
every | frame.

3.3 VBV_delay

An accurate vbv_delay value shall be caried in the
video elementary stream. The value of 0xfff shall not
be allowed. The vbv_delay value may be relied upon
for remultiplexiing elementary streams into transport
streams.

4 MPEG ES-syntax elements

The following syntax elements, and the functional
descriptions, shall be inserted in the MPEG ES in the
user data area:

4.1 VH coding phase

The current implementation of MPEG does not specify
the horizontal and vertical coding phase. This
standard requires that the vertical and horizontal
coding phase be known in order for decoding
and peripheral equipment to process corectly the
signal.

V and H coding information shall be included only for
SDTV signals where the coding phase is not compli-
ant with SMPTE RP 202. For HDTV signals, H/V
coding phase information is defined by SMPTE RP
202.

4.2 Time code
Provision is made for the insertion of two time codes
complying with SMPTE 12M. At least one time code,

reference date time stamp (as defined in SMPTE
326M) shall be carried as a means of maintaining

Page 2 of 8 pages

synchronization with other content or metadata
streams. Canriage of a second time code is optional.
Compliant decoders shall have the capability to de-
code the two time codes.

4.3 Picture order

Picture order information specifies the picture dura-
tion and is the equivalent to the PTS/DTS present in
the MPEG transport stream. Picture order value is
counted by field units. Picture order information will
be used by multiplexers and remultiplexers to know
the picture duration and to be able to parse the
repeat_first_field information. In some cases, the
latency of the system will be minimized using the
picture order information.

4.4 Video Iindex

Video index, as defined by SMPTE RP 186, shall be
carried if present on the baseband signal. Informa-
tion carried by video index should be preserved
during any coding, recoding, editing, or transcoding
process. It is envisioned that the data described in
the forthcoming SMPTE metadata dictionary
(SMPTE 335M) will be handled by the transport
mechanism described in SMPTE 326M. These
parametric data will include all of the parameters
currently coded in video index, although the data
representation of some items may be different.

4.5 Anclllary data

Data that is camied in the vertical interval of the base-
band signal should be preserved. Ancillary data may
consist of more than 23 consecutive zeros. To prevent
this condition, a marker shall be inserted every 22
bits.

4.6 History data

History data, consisting of original and subsequent
encoding parameters that may be useful in transcod-
ing or reencoding, may be carried by the bit strearn.
SMPTE 327M defines the content of the history data
information. History data may consist of more than 23
consecutive zeros. To prevent this condition, a marker
shall be inserted every 22 bits.

4.7 Userdata

User data is defined by ISO/IEC 13818-2.



est

000z Aseniqed ‘feuinop 31dNS

5 MPEG ES-syntax

5.2 Higher syntactic structure

SMPTE 328M

MPEG_ES_editing_information is inserted in the Syntax Bits |Mnemonic
sequence or/and picture user data area of the video MPEG_ES_editing_information(i}{
ES. All data fields follow the unique 16-bit header SMPTE_header 16 | "0x0001*
which specifies this stream as being compliant with It (1= 0){/* follows sequence user|-
this standard. The syntax shall be flexible and exten- data */
sible. All syntax elements are distinguished by data While (nextbits() { = "0x00"){
ID. Data ID specifies the length and characteristics of it (nextbits() == *V-phase")
the following syntax element. V-phase()
i Else if (nextbits() == "H-phase")
T::"\{)I;l ht;o:;l:“gm sdhqse and :aetﬁn:fd t;:t:ntml flags H-phase()
s in user_data e sequence
layer. Others shall be transmitted in user_daet,: of the Else it (nextbits() = "Control flags”)
picture layer. In the picture layer, time_code(} and Control flags()
picture_order() will be placed first because these are Else
relatively small amounts of data and could be handled Break; / * Do nothing */
by software. The following data types, video_index(), }
ancillary_data(), and history_data(} are positioned }
later in the bit stream because these data types Else If ({ = 2){ /* follows picture
potentially can be large in size and may require hard- user data */
ware suppont. User_data() shall be placed at the end While (nexibits{) | = “0x00%){
(tail). If (nextbits() == "Time code 1" i
NOTE — All syntactic elements described in this standard Nextbits() == "Time code 27)
follow the pssudo-code form, as defined in ISONEC 13818. Time_code()
Else if (nextbits() = "Picture_order”
5.1 Data_ ID Picture_order()
Else
8 bits: This syntax element specifies the length and e
characteristoa of the following‘? 0x00 is forbidden. ) Break: /* Do nothing */
While (nextbits() 1 = "0x00"){
Data_ID Data_type i {nextbits() == "Video index")
00 FORBIDDEN Video_index()
01 V-phase Else if (nextbits() == "Ancillary
o2 H-phase Ancillary_data() =
03 Time code 1 Eiso T (nebis() — Fistory Gaia)
04 Time code 2
History_data()
05 Plcture order Elso
06 Vidso index Break: / ¢ Do nothing * 7
07 Anclllary data 1
08 History data }
If {nexibits() == "User data")
80 Control flags User_data()
Next_start_code()
FF User data }
Page 3 of 8 pages
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5.3 V coding phase

5.6 Time coding data

Syntax Bits | Mnemonic Syntax Bits { Mnemonic
V-phase(}{ Time_code(}{
Data_ID 8 bslbf Data_ID 8 bslbf
V-phase 16 uimsbf Time_code [63..48) 16 uimsbt
} Marker_bit 1 bsibf
Time_code [47..32) 16 ulmsbt
Marker_bit 1 bs!bf
V-phase (16 bits): V-phaseis anunsignedintegerthat S:‘r:;‘:o:; 31..16) 116 :"I':;b'
specifies the top line of the coded frame. When pre- Time_code T15.0] Te Is Bt
sent, V-phase shall be canied in the user data of the Mark;r bit - 3 ‘l;sl::;
sequence layer. For SDTV signals, V-phase shall be Roserved bits 7 bsibf
carried if the vertical coding phase is not compliant =
with SMPTE RP 202. For HDTV signals, V coding }

phase is defined by the SMPTE standard and the
V-phase user data shall not be carmied.

5.4 Hcoding phase

Time_code (64 bits): The time-code format defined
below shall comply with ANSUSMPTE 12M. Two time
codes may be carried. At least one time code (refer-
ence time/date stamp [SMPTE 309M]) shall be

Syntax Bits | Mn i carried. All time codes specified shall be presented at
H-phase(} the time the comresponding picture is established dur-
Data_iD 8 bslbt ing the encoding process.
H-phase 8 uimsbf
} NOTE — The 64-bit contents of the time code are mapped
asfollows:
H-phase (8 bits): H-phase is an unsigned integer that Ts’lyr:_:n::ode T63..00 Bits { Mnemonic
specifies the sample number of the first sample in a Color frame flag 1 bsibf
video line as defined in ITU-R BT.601. When present, Drop frame flag (NTSC)unused
H-phase shall be carried in the user data of the (PAL) 1 bslbf
sequence layer. For SDTV signals, H-phase shall be TV frame tens 2 uimsbt
carried if the horizontal coding phase is not compliant %;ﬂf;e ““'(t;_rscybl 4 | uimsbt
with SMPTE RP 202. For HDTV signals, H coding eld phase nary
phase is defined by the SMPTE standard and the  (—Souplla 0 (PAL) T
H-phase user data shall not be carried. TV seconds units 4| ulmsbf
roup flag 0 (NTSC)bl
5.5 Control flags groug ?laglmz (PA ;) (NT ybivary 1 bsibt
TV minutes tens 3 uimsbt
— n TV minutes units 4 uimsbf
Syntax Bits Binary group flag 2 (NTSC)/ield
Control tiags(){ phase (PAL) 1 bslbt
Data_ID 8 bslbt Binary group flag 1 (NTSC)Ibinary
Picture_order_presence 1 ulmsbt group tlag 1 (PAL) 1 bsibf
Reserved 7 TV hours tens 2 uimsb
) TV hours units 4 uimsb
2nd binary group 4 uimsb
1st binary group 4 uimsb
| 4th binary grou 4 uimsbf |
Picture_order_presence (1 bit): f this flag s setto 1, 3rd binary group 4 | uimsbf |
all picture order information shall be canied inthe user g: : ;’::%Y—Q%P : “:ms ot
data area of every picture. Inthis case, the multiplexer Bth bin a_ry_g:o_up y 3|$ :
may use the picture order information for multiplexing, 7th D#Q_P Ty aroup y wimsh
and low-delay multiplexing will be possible. ) a2 uimsb

Page 4 of 8 pages
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5.7 Picture order

Syntax Bits | Mnemonic
| Picture_order(){
Data_ID 8 bsibf
DTS_presence 1 bsibf
PTS_counter 7 uimsbt
f (DTS_pr =="1"){
Marker_bits 1 bslbf
DTS_counter 7 uimsbf
}
}

DTS_presence (1 bit): If DTS_presence is setto 1,
DTS_counter field shall exist.

PTS_counter (7 bits): This is a 7-bit unsigned integer
which is equivalent to PTS counted by field units. This
is a modulo 128 counter and shall increment accord-
ing to picture duration taking into account re-
peat_first_field and reordering delay caused by

B-picture.

DTS_counter (7 bits): This is a 7-bit unsigned integer
which is equivalent to DTS counted by field units. This
is a modulo 128 counter and shall increment accord-
ing to picture duration taking into account re-
peat_first_field and reordering delay caused by
B-picture.

Annex A presents two examples of PTS/DTS counter
operation for long GOP and short GOP bit stream
formats.

5.8 Video index

SMPTE 328M

picture. The counter of the earfiest field shall be setto
0. If repeat first_field is set to 0, the picture shall
include two fields indexed as 0 and 1. If re-
peat_first_field is set to 1, the picture shall include
three fields indexed as 0, 1, and 2.

If progressive_sequence flag is set to 1 (progressive),
field_ID shall specify the frame index counted by
progressive frame unit in the presentation order of this
picture. The counter of the eariest frame shall be set
to 0. If repeat_first_field and top_field_first are set to
0, the picture shall include only one progressive frame
indexed as 0. If repeat_first_field is set to 1 and
top_field_first are setto 0, the picture shallinclude two
progressive frames indexed as 0 and 1. If re-
peat_first_field is set to 1 and top_field_first is set to
1, the picture shall include three progressive frames
indexed as 0, 1, and 2.

Line_number (14 bits): This specifies the absolute
frame-based line number of the video_index data; 0
is not allowed. The line number shall be specified
according to the relevant video standard (ITU-R
BT.656, SMPTE 274M, ANSI/SMPTE 293M,
ANSVSMPTE 296M).

Video_index_length (8 bits): This specifies the loop
count of the following video_index_payload.

Video_index_payload (22 bits): These contain the
payload of the video_index data. Video_index_pay-
load is defined in SMPTE RP 186 for SDTV.

5.9 Anclllary data

Syntax Bits { Mnemonic Syntax Bits | Mnemonlc
Video_index(}{ Anclifary_data(}{
Data_ID 8 bslbf Data_ID 8 bsibf
Field_ID 2 bslbf Field_ID 2 bslbf
Line_number 14 uimsbf Line_number 14 ulmsbt
Video_index_length 8 uimsbf Ancillary_data_length 16 uimsbf
Marker_bits 1 bslbf Marker_bits 1 bsibf
For (j=0; j<video_index_length; For (j=0; j<ancillary_data_length;
jr)t j++)
Video_index_payload 22 uimsbf Ancillary_data_payload 22 uimsbf
Marker_bits 1 bslbf Marker_bits 1 bslbt
} }
While (Ibytealigned() ) While (lbytealigned() }
Zero_bit 1 ‘0" Zero_bit 1 0"
} }

Field_{D (2 bits): Hf the progressive_sequence flag is
setto O (interlace), field_ID shall specify the fieldindex
counted by field unit in the presentation order of this

Field _ID (2 bits): lfthe progressive_sequence flag is
setto O (interlace), field_ID shall specify the field index
counted by the field unit in the presentation order of
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this picture. The counter of the earliest field shall be
setto 0. If repeat_first_field is setto 0, the picture shall
include two fields indexed as 0 and 1. If re-
peat_first_field is set to 1, the picture shall include
three fields indexed as 0, 1, and 2.

If the progressive_sequence flag is set to 1 (progres-
sive), field _ID shall specify the frame index counted
by the progressive frame unit in the presenttion order
of this picture. The counter of the earliest frame shall
be set to 0. If repreat_first_field and top_field_first are
setto 0, the picture shall include only one progressive
frame indexed as 0. if repeat_first_field is setto 1 and
top_field_first is set to 0, the picture shall include two
progressive frames indexed as 0 and 1. If re-
peat_first_{ield is set to 1 and top_field_first is set to
1, the picture shall include three progressive frames
indexedas 0, 1, and 2.

Line_number (14 bits): This specifies the absolute
frame-based line number of the ancillary data; O is not
allowed. The line number shall be specified according
tothe relevant video standard (ITU-R BT.656, SMPTE
274M, ANSYSMPTE 293M, ANSI/SMPTE 296M).

Ancillary_data_length (16 bits): This specifies the
loop count of the following ancillary data_payload.

Ancillary_data_payload (22 bits): These contain the
payload of the ancillary data.

5.10 History data
Syntax Bits | Mnemonic
History_data()}{
Data_ID 8 bslbt
Marker_bits 1 bslbt
History_data_length 23 uimsbf
Marker_bits 1 bslbt
For ?:0; j<History_data_length;
i+
History_data_paylcad 22 uimsbf
Marker_bits 1 bslbt
}
While (Ibytealigned() )
Zero_bit 1 "0*
}
Page 6 of 8 pages

History_data_length {23 bits): This specifies the loop
count of the following ancillary data_payload.

History_data__payload (22 bits): These bits contain
the payload of the ancillary data. History data will be
encapsulated in this field. The contents are defined in
SMPTE 327M.

5.11 User data

Syntax Bits | Mnemonic

User_data({}{
Data_ID 8 bsibf
While (nextbits() ! = "0x000001") .

User_data 8 uimsbf

}

}

User data (8 bits): The user data byte count is vari-
able. User data shall not emulate the MPEG start
codes (see ISO/NIEC 13818-2). The end of user data
is detected when the next start code appears. User
data shall be placed at the end (tail) of the edit
information.
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Annex A (informative)
Usage of PTS and DTS_counter
A1 Example 1: Long GOP
The following is an example of PTS and DTS_counter taken
from the beginning of a video In this
there are two coded B-fl b ive coded
P-frames and also two coded B-1 b iy
coded §- and P-frames and all pictures are frame pictures
with a 3-2 pulidown operation.
At the encoder input:
Frame No. 1 2 3 4 5 6 7 8 9 10 1 12 13
Picture type 1 B B P B B P B B 1 B B P
Repeat_first_field 1 0 1 0 1 0 1 0 1 0 1 0 1
Top_field_{first 1 0 0 1 1 0 0 1 1 0 0 1 1
L I | [ 1t | I It 1] 1 I 11
| | 11 | | | | | | | 11 | 1
At the encoder output, In the coded bit stream, and at the decoder input:
Frame No. 1 4 2 3 7 5 6 10 8 9 13 1 12
Picture type I P B B P B B 1 B B8 P B B
Repeat_tirst_fleld 1 0 0 1 1 1 0 0 0 1 1 1 0
Top_field_first 1 1 0 0 0 1 0 0 1 1 1 0 1
1 1]t | I | | 1 111 Frynt | I
| | I [N | | | I | | [ 1
DTS_counter 125 | © 3 5 8 10 13 15 | 18 | 20 | 23 | 25 | 28
At the dacoder output:
Frame No. 1 2 3 4 5 6 7 8 9 10 | 11} 12 | 18
Picture type | B B P B B P B B | B B P
Repeat_first_fleld 1 0 1 0 1 0 1 0 1 0 1 0 1
Top_field_first 1 0 0 1 1 0 0 1 1 0 0 1 1
11 1 | 1 [ ! | 11 | 1 [ 11
I I 11 I | | 11 I I | 11 | |
PTS_counter 0 3 5 8 10 | 13 15 18 | 20 | 28 } 25 28 | 30
Page 7 of 8 pages
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A2 Example2: Short GOP
The following is an example of PTS and DTS_counter taken

from the beginning of a short GOP video sequence. In this
example, the countsrs are wrapping around at20 instead of 128.

At the sncoder input:

Frame No. 1 2 3 4 5 6 7 8 9
Plcture type | B ] B I B 1 B8 |
Repeat_first_field 0 1 0 1 0 1 0 1 0
Top_tield_{tlrst 1 1 0 0 1 1 0 0 1

I 11 | | 1 11 | | |
| | 1 I I ] | UL |
At the encoder output, in the coded bit stream, and at the decoder input:

Frame No. 1 3 2 5 4 7 6 9 8
Picture type | | B I B 1 B | B
Repeat_first_field 0 0 1 0 1 ¢] 1 0 1
Top_field_first 1 0 1 1 1] 0 1 1 0
I [ | Ly |

| 1 1 Pl 1 |1

DTS_counter 18 0 2 5 7 10 | 12 16 | 17

At the decoder output:
Frame No. 1 2 3 4 5 6 7 8 9
Picture type [ B { B | B | B |
Repeat_first_field [ 1 0 1 0 1 0 1 0
Top_field_first 1 1 (] 0 1 1 0 0 1
: | [ ) | | 11 ] 1 |
| | I | | B 11 |
PTS_counter ] 2 5 7 10 | 12 | 15 17 0

Annex B (informative)
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1 Scope

This standard specifies the stream format of the
MPEG-2 recoding data set for the representation of
compressed ISO/IEC 13818-2 MPEG coding informa-
tion, as used in applications requiring transport systems
of reduced data capacity.

The coding information is derived from an ISONEC
13818-2 compliant MPEG bit stream during the
decoding process, as described in ISO/IEC 13818-2.

The information based on this stream format may
be transported by various means; for example, the
elementary stream format defined in SMPTE 328M.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of
this standard. At the time of publication, the editions
indicated were valid. All standards are subject to
revision, and parties to agreements based on this
standard are encouraged to investigate the possibility
of applying the most recent edition of the standards
indicated below.

SMPTE 327M, Television—MPEG-2 Video Recoding
Data Set

ITU-T H.262, ISO/IEC 13818-2:1996, Information
Technology — Generic Coding of Moving Pictures
and Associated Audio Information: Video

3 General

The main application of this standard is to preserve
the quality of the video signal when cascading decoders
and coders for editing or transcoding purposes by
feeding forward previous coding decisions.

The MPEG-2 recoding data set in combination with
an MPEG-2 decoded or partially decoded picture is
effective for implementing editing or transcoding of the
MPEG-2 bit stream. There are, however, applications
in which the transmission of alf the recoding data set
is not possible. Some current equipment may have
restricted capacity for the transmission of the recoding
data. This limitation has an impact on subsequent
compression stages which can make use of the
MPEG:-2 recoding process.

In order to decrease the bit rate for the recoding data
set, the MPEG-2 recoding data set is converted into
an MPEG-like stream, which is called the compressed
stream format of the MPEG-2 recoding set. This
standard defines this stream format.

The compressed stream format of the MPEG-2 recod-
ing set much resembles an MPEG-2 video stream,
except that the compressed stream format of the
MPEG-2 recoding set does not have DCT coefficients
which occupy the major part of an MPEG video
stream.

Copyright © 1999 by THE SOCIETY OF

MOTION PICTURE AND TELEVISION ENGRVEERS
505 W, Hartadale Ave., White Plains, NY 10607
{914) 761-1100
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By adopting an MPEG-like form for the compressed
stream format of the MPEG-2 recoding set, use is
made of an efficient compression for this data set for
storage and transmission operations. Moreover, it
may be possible to reuse the MPEG decoding devices
to decode this compressed stream format of the
MPEG-2 recoding set.

The compressed format of the MPEG-2 recoding set
syntactical structure is modified by red_bw_flag and
red_bw_indicators. The selection of one of the vari-
ations of the syntactical structure will be determined
by the application by taking into account a balance
between bit rate and the number of elements in the
recoding data set.

This standard does not describe the transport mecha-
nism, but describes the stream structure of the
compressed stream format of the MPEG-2 recoding
set. This stream format is independent of application,
and all the transport information in the reduced band-
width recoding data transportation system should be
based on this stream.

The transport mechanism depends on application,
which should be defined in other standards docu-
ments. The first of these is the MPEG-2 elementary
stream editing information, SMPTE 328M.

4 Definitions

4.1 bit stream: An ordered series of bits con-
forming to ISO/IEC 13818-2.

4.2 cascading: This describes the process
where video that has once been coded (com-
pressed) is subsequently decoded and coded
once more. This cascading step could carry on
for any number of generations.

4.3 coding: This is the process by which an un-
compressed video sequence is compressed to a
bit stream that conforms to the ISO/IEC 13818-2
standard.

4.4 compressed stream format of the MPEG-2
recoding data set: This is the compressed infor-
mation of the recoding data set which is used in
reduced bandwidth recoding data transportation
systems.

4.5 decoder: A compressed bit stream decoder
that complies with the ISO/IEC 13818-2 standard.
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4.6 macroblock: Defined in the ISO/IEC 13818-2
standard as a block of 16 x 16 luminance pixels.

4.7 MPEG profile/level: As defined in ISO/IEC
13818-2.

4.8 picture: As defined in ISO/IEC 13818-2.

4.9 recoding data set: The set of information de-
rived from an ISO/IEC 13818-2 compliant stream
which, when accompanied by decoded or par-
tially decoded video information, assists in the
recreation of the original MPEG-2 stream.

4.10 reduced bandwidth recoding data transpor-
tation system: This is the system that does not
have enough bandwidth capacity for transport-
ing a full set of the recoding data set, but is able
to transport the compressed stream format of the
MPEG-2 recoding data set.

4.11 reduced bandwidth stream: The highest
syntactic structure of the reduced MPEG-2
recoding data set. it contains the recoding infor-
mation for one picture.

4.12 stripe: A horizontal row of macroblocks
spanning the full width of the decoded picture
(stripes are numbered from top to bottom start-
ing at zero).

4.13 transcoding: A conversion within the
MPEG-2 stream domain, such as bit rate chang-
ing or changing the group of pictures (GOP)
structure.

5 Compressed stream format of the
MPEG-2 recoding data set

5.1 Compressed stream format of the MPEG-2
recoding set syntax

The compressed stream format of the MPEG-2 re-
coding set is a subset of the ISO/NEC 13818-2 stream
and is extracted from the original MPEG-2 video
stream.

5.1.1. Start codes

Start codes are specific bit pattems that do not other-
wise occur in the compressed stream format of the
MPEG-2 recoding data set.
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Each start code consists of a start code prefix followed
by a start code value. The start code prefix is a string
of 23 bits with the value zero followed by a single bit
with the value one.

The start code value is an eight-bit integer that iden-
tifies the type of start code. Most types of start code
have just one start code value. However,
slice_start_code is represented by many start code
values. In this case, the start code value is the
slice_vertical_position for the slice.

All start codes shall be byte aligned. When necessary,
this shall be achieved by inserting bits with the value
2zero before the start code prefix such that the first bit
of the start code prefix is the first (most significant) bit
of abyte.

Table 1 defines the start code values for the start
codes used in the compressed stream format of
MPEG-2 recoding set.

The use of the start codes is defined in the following
syntax description with the exception of the
sequence_error_code. The sequence_error_code
has been allocated for use by a media interface to
indicate where uncormectable emrors have been de-
tected (see tables 2 - 22).

52 Compressed stream format of the MPEG-2
recoding set somantics )

Almost all of the syntax elements in the compressed
stream format of the MPEG-2 recoding set have the
same meaning as those defined in ISO/IEC 13818-2.
Some elements are newly defined and some have a
different meaning. Definitions for these elements are
given below.

5.2.1 Recoding stream information
Re_coding_stream_info_ID: A 16-bit integer that is
used for identification of re_coding_stream_info().
The value is 1001 0001 1110 1100 (0 x 91 ec).

red_bw_flag: A 1-bit flag. its definition is given in
SMPTE 327M.

red_bw_indicator: A 2-bit integer defined in SMPTE
327M.

num_other_bits: A 7-bit integer. This syntax element
is defined in SMPTE 327M.

SMPTE 329M

num_mv_bits: An 8-bit integer defined in SMPTE
327M.

num_coef_bits: A 14-bit integer. This syntax element
is defined in SMPTE 327M.

num_coef_bits, num_mv_bits, and num_other_bits
exist when red_bw_flag is 0. These three data sets
are repeated by the number of macroblocks. The data
sets match the macroblocks respectively, which are
scanned from left top to right bottom horizontally first,
as in MPEG-2.

The value of red_bw_indicator specifies the level of
reduced information and it ranges from O to 3. As the

‘value is increased, the more information is reduced.

As the compressed stream format of the MPEG-2
recoding data set syntax structure depends on this
red_bw_flag and red_bw_indicator, the decoder shalt
recognize these elements in the current bit stream.
Then it shall parse the bit stream accordingly.

The details of each red_bw_indicator value are de-
scribed as follows:

~ Indicator O: This stream transports all the recod-
ing data set, except that the information such as
num_coef_bits, num_mv_bits, and num_other_bits
are not transpoited. All the recoding data set could
be derived from this stream. Therefore, the position
of slice_start, skipped_mb, and mb_quant should
be the same as in the original stream.

~ Indicator 1: This stream is the same as indicator
0, except that coded_block_patten() information is
not transported. This stream is not guaranteed to
have the values of slice_stant, skipped_mb, and
mb_quant to be the same as in the original stream.

- Indicator 2: This stream transports only quan-
tizer_scale_code information in slice{) and macro-
block(). Other information which is carried in slice()
and macroblock() is not guaranteed to be the same
as in the original stream.

— Indicator 3: The information of slice() and macro-
block() is not transported by this stream.

The relation between red_bw_indicator and the

elements of the MPEG-2 recoding data set de-
scribed in SMPTE 327M is shown in table 23.

Page 3 of 14 pages

SMPTE 329M

Table 1 - Start code value

Start code value

Namse (hexadecimal)
pleture_start_code 00
slice_start_code 01 through AF
teserved BO
reserved B1
user_data_start_code B2
sequence_header_code B3
sequence_error_code B4
extension_start_code B5
reserved B6
sequence_end_code B7
group_start_code B8

Table 2 - Compressed stream format of the MPEG-2 recoding set

compressed_stream_format_of_MPEG_2_re_coding_set() {

No. of bits

Mnemonic

next_start_code()

sequence_header()

sequence_extension()

extension_and_user_data(0)

if (nextbits() == group_start_code) {

group_of_pictures_header()

extension_and_user_data(1)

}

picture_header()

plcture_coding_extension()

re_coding_stream_info{)

extensions_and_user_data(2)

it (! red_bw_flag Il (red_bw_indicator <=2))

picture_data()

sequence_end_code

32

bslbf

Page 4 of 14 pages
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Table 3 - Sequence header

sequence_header() { No. of bits Mnemonic
sequence_header_code 32 bslbt
horizontal_size_value 12 uimsbf
vertical_size_value 12 uimsbf
aspect_ratio_information 4 uimsbf
frame_rate_code 4 uimsbf
bit_rate_value 18 uimsbf
marker_bit 1 bsIbf
vbv_buffer_size_value 10 uimsbf
constrained_parameters_flag 1 bslibf
load_intra_quantizer_matrix 1 uimsbf
if (load_intra_quantizer_matrix)

intra_quantizer_matrix[64] 8°64 uimsbf
load_non_intra_guantizer_matrix 1 uimsbf
if (load_non_intra_quantizer_matrix)
non_intra_quantizer_matrix[64]) 8°64 uimsbf

next_start_code()

)

Table 4 - Sequence extension

sequence_extension() { No. of bits Mnemonic
extension_start_code 32 bsibf
extension_start_code_{dentifier 4 uimsbf
profile_and_level_indication 8 uimsbf
progressive_sequence 1 uimsbf
chroma_format 2 uimsbf
horizontal_size_extension 2 uimsbf
vertical_size_extension 2 uimsbf
bit_rate_extension 12 uimsbf
marker_bit 1 bslibf
vbv_bufter_size_extension 8 uimsbf
low_delay 1 uimsbf
frame_rate_extension_n 2 uimsbf
frame_rate_extension_d 5 uimsbf
next_start_code()

}
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Table 5 - Extension and user data

extension_and_user_data(i) { No. of bits Mnemonic
while { (nextbits() == extension_start_cods) |l
(nextbits() == user_data_start_code) ) {
it ((i ! == 1) && {nextbits{) == extension_start_code) )
extension_data(i)
if (nextbits() == user_data_stan_code)
user_data()
_}
}
Table 6 — Extension data
extension_data(i) { No. of bits Mnemonic
whila (nextbits() == ex _start_code) {
extension_start_code 32 bslbt
if {i == 0) /* tollows sequence_extension() */
sequence_display_extension(}
/* NOTE - i never takes the value 1 because extension_data()
never follows a group_of_pictures_header() */
it (i == 2) {/* follows picture_coding_extension() */
it (nextbits() == “Quant Matrix Extension (D")
quant_matrix_extension()
else if (nextbits() == *Copyright Extension ID")
copyright_sextension()
else
picture_display_extension()
}
}
}
Table 7 — Sequence display extension
sequence_display_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
video_format 3 vimsbf
color_description 1 uimsbf
it (color_description) {
color_primaries 8 uimsbt
transfer_characteristics 8 uimsbt
matrix_coefficients 8 uimsbf
display_hotrizontal_size 14 uimsbf
marker_bit 1 bslbf
14 uimsbf

display_vertical_size

next_start_code()}
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Table 8 ~ Quant matrix extension Table 11 — User data
quant_matrix_extension{) { No. of bits Mnemonic user_data() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf user_data_start_code 32 bslbf
:1°‘(’I“’,;";“::;r‘;”:::f“:i’z—e':‘ar‘;:mx) 1 ulmsbf while (nexibits() | = 0000 0000 0000 0000 G000 0001) {
Intr—a_quantlzer_matrix[64] 864 uimsbt user_data 8 uimsbf
foad_non_intra_quantizer_matrix 1 uimsbf }
if (load_non_intra_quantizer_matrix) next_start_code()
non_intra_quantizer_matrix[64} 8%64 uimsbt }
load_chroma_intra_quantizer_matrix 1 uimsbf
if (load_chroma_intra_quantizer_matrix)
chroma_intra_guantizer_matrix[64] 8°64 uimsbf
load_chroma_non_intra_gquantizer_matrix 1 uimsbf
if (load_chroma_non_intra_quantizer_matrix) Table 12 — Group of pictures header
chroma_non_intra_quantizer_matrix{64) 8°64 uimsbf
next_start_code() group_of_pictures_header() { No. of bits Mnemonic
] group_start_code 32 bslbf
time_code 25 bsibf
closed_gop 1 uimsbf
broken_link 1 ulmsbf
Table 9 - Picture display extension next_start_cods()
picture_display_extension() { No. of bits Mnemonic }
extension_start_code_identifier 4 uimsbf
for (i = 0; i<number_of_frame_center_offsets; i++) {
frame_center_horizontal_offset 16 simsbf
marker_bit 1 bslbf Table 13 - Picture header
frame_center_vertical_offset 16 simsbf
marker_bit 1 bsibt picture_header{) { No. of bits Mnemonic
picture_start_code 32 bslbf
next_start_code() temporal_reference 10 uimsbf
} plcture_coding_type 3 uimsbf
vbv_delay 16 uimsbf
it (picture_coding_type == 2 || picture_coding_type == 3) {
full_pel_forward_vector 1 bsibf
Table 10 -~ Copyright extension forward { code 3 bsibt
copyright_extenslon() { No. of bits M i }
extension_start_code_identifier 4 uimsbt if {picture_coding_type == 3) {
copyright_flag 1 bsibt full_pel_backward_vector 1 bsibt
copyright_identifier 8 ulmsbt backward_{_code 3 bsibt
original_or_copy 1 bsibt !
:::fk’;’f"bn Z dimebt while (nexibits{) == 1) {
copyrig}'lt_numberj 20 Uimsbi extra_bit_picture /* with the value 1 */ 1 uimsbt
marker_bit ] bsibt extra_information_picture 8 uimsbf
copyright_number_2 22 uimsbf }
marker_bit 1 bsibf extra_blt_picture /" with the value 0 */ 1 uimsbf
copyright_number_3 22 uimsbf next_start_code()
next_start_code() - ]
}
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Table 14 - Picture coding extension
plcture_coding_extension(} { No. of bits Mnsmonic
extension_start. code 32 bslbf —Pi
extension_start_code_identifier 5 uimsbf Table 16 — Picture data
f_code[0][0] /* forward horizonta! */ 4 uimsbf picture_data() { No. of bits Mnemonic
f_code[0](1] /* forward vertical */ 4 uimsbf do {
f_code[1][0] /* backward horizontal */ 4 uimsbf -
f_code[1][1]/* backward vertical */ 4 uimsbt slice()
intra_dc_precision 2 uimsbt } while {nextbits() == slice_start_code)
picture_structure 2 uimsbf next_start_code()
top_fisld_first 1 uimsbf }
frame_pred_frame_dct 1 uimsbf
concealment_motion_vectors 1 uimsbf
g_scale_type 1 uimsbf
intra_vic_format 1 uimsbf
alternate_scan 1 uimsbf
repeat_first_tisld 1 uimsbf
chroma_420_type 1 uimsbf
progressive_frame 1 uimsbf
composite_display_flag 1 ujmsbf
if {composite_display_flag) { )
v_axis 3 wimsbe Table 17 —Slice
field_sequence 3 uimsbf -
sub_carrier 1 uimsbf slice() { No. of bits Mnemonic
burst_amplitude 7 uimsbf slice_start_code 32 bsibt
sub_carrier_phase 8 uimsbf quantizer_scale_code 5 uimsbf
} = if (nextbits() == 1) {

7 next_start_coda() intra_slice_flag 1 bslbf
intra_slice 1 uimsbf
reserved_bits 7 - uimsbf
while (nextbits() == 1) {

e 15— s
Table 15 - Recoding stream Information oxira_bit_slice /* with the value 1 7 1 ulmsbl
re_coding_stream_info() { No. of bits Mnemonic r— tion_sli ) wimsbt
user_data_start_code 32 bslibf extra_information_slice
re_coding_stream_info_ID 16 bsibf }
red_bw_{lag 1 uimsbt }
if (red_bw_flag) extra_bit_slice /* with the value 0 */ 1 uimsbf
red_bw_indicator 2 uimsbf do {
if {! red_bw_flag) {
for (i=0; i<number_of_macroblock: i++) { !nacroblock()
marker_bit 1 bsibt } while (nextbits() ! = 000 0000 0000 0000 0000 0000)
num_other_bits 7 uimsbf next_start_code()
marker_bit 1 bslbf ]
num_mv_bits 8 uimsbf
marker_bit 1 bslbt
num_ccef_bits 14 uimsbt
}
1
next_start_code()
}
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Table 18 — Macroblock Table 20 — Motion vectors
macroblock({) { No. of bits Mnemonic
while (nextbits() == 0000 0001 000) _ motion_vectors (s) { No. of bits Mnemonic
macroblock_escape 11 bslbf it (motion_vector_count == 1) {
macro::oc:_add;es(s)_lncrement 1-11 vicibt if ((mv_format == field) && (dmv ! = 1))
macroblock_modes
 (macroblock_quant] motlon_vertical_field_select[0][s] 1 uimsbf
quantizer_scale_code 5 uimsbf motion_vector(0,s)
if {! red_bw_flag Il }else {
(red_bw_flag && (red_bw_indicator <=1))) { motion_vertical_field_select[0](s] 1 uimsbf
if (macroblock_motion_forward Il motion_vector(0,s)
(macroblock_intra && concealment_motion_vectors)) motion_vertical_field_select[1][s] 1 ulmsbf
motion_vectors(0)
i {macroblock_motion_backward) motion_vector(1,s)
motion_vectors(1) }
it {macroblock_intra && concealment_motion_vectors) }
marker_bit 1 bslbf
if (macroblock_pattern &&
{! red_bw_flag Il
(red_bw_{lag && (red_bw_indicator == 0)}))) Table 21 —~ Motion vector
coded_block_pattern()
) motion_vector (r,s) { No. of bits Mnemonic
motion_code[r][s]{0] 1-11 vicibt
if {{f_code[s}[0] ! = 1) && (motion_code([r][s][0] | = 0)}
motion_reslduallr]{s][0] 1-8 uimsbf
Table 19 — Macroblock modes it (v == 1)
. . dmvector{0] 1-2 vicibf
‘mac::::?zll:i:::d&s(; { No. 1ofgblts MC:;;?""’ motion_code]r][s](1] 1-11 vicibf
(0 red_bw:ﬂapg M if ((f_code[s][1]! = 1) && (motion_code[r}[s][1] ! = 0))
(red_bw_flag && (red_bw_indicator <=1}}) { motion_residual[r][s]{1] 1-8 uimsbt
if {macroblock_motion_forward Il if (dmv == 1)
{macroblock_motion_backward) { dmvector{1] 1.2 viclbf
it (picture_structure == frame) { 1
it (frame_pred_frame_dct == 0)
frame_motion_type 2 ulmsbt
} else {
field_motion_type 2 uimsbf
} Table 22 — Coded block pattern
if (picture_structure == Frame picture) &&) coded_block_pattern() { No. of bits Mnemonic
(frame_pred_frame_dct == 0) && coded_block_pattern_420 3-9 vicibf
(dct_type_flag == 1) && If (chroma_format == 4:2:2)
(! red_bw_flag Il coded_block_pattern_1 2 uimsbf
(red_bw_flag && (red_bw_indicator <= 1)))) { if (chroma_format —= 4:4:4)
det_type 1 ulmsbf coded_block_pattern_2 8 uimsbt
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Table 23 - Reduced bandwidth indicators
red_bw_Indicator_
num_coef_bits, num_mv_bits, num_other_bits
q_scale_code, q_scale_type
motion_type, mv_vert_field_sel[ri{s], mv(r)s]t]
mb_mfwd, mb_mbwd
mb_pattern
coded_block_pattern
mb_intra
slice_start
det_type
mb_quant
skipped_mb
Indicator 0 0 1 1 1 1 1 1 1 1 1 1
Indicator 1 0 1 1 1 1 4] 1 X 1 X X
Indicator 2 0 1 0 X X 0 X X 0 X X
Indicator 3 0 0 0 0 0 0 0 0 0 0 ]
NOTE - 0 = This information is not present.
1 = This information is present and corresponds to that of the original data stream.
X= 'I(’jhaitsairs\{?erranna:tlon may be present, but is not guaranteed to correspond to that of the original

5.22 Picture data

Picture_data() consists of more than zero slice().
When red_bw_indicator is 3, picture data{) is not
transported by this stream. It means that this com-
pressed stream format of the MPEG-2 recoding set is
intended not to transport all syntax elements below
picture_data(), but to transport picture_type, etc.

5.23 Slice

When red_bw_flag is 0 or red_bw_indicator is less
than or equal to 2, the elements in slice() exist. How-
ever, the validity of slice_start_code depends on
red_bw_indicator.

When red_bw_flag is 0 or red_bw_indicator is equal
to 0, slice startinformation shall be the same as inthe
original stream.

5.2.4 Macroblock

The elements in macroblock() are varied by
red_bw_indicator, although macroblock_escape,
macroblock_address_increment, and macro-
block_modes() always exist. However, the validity of
macroblock_escape and macroblock_address_incre-

ment depend on red_bw_flag and red_bw_indicator.
When red_bw_flag is 0 or red_bw_indicator is equal
to 0, skipped_mb information derived from macro-
block_escape and macro-block_address_increment
shall be the same as in the original stream.

When red_bw_indicator is of value equal to or more
than 2, motion_vectors() shall not exist.

When red_bw_indicator is equal to or more than 1,
coded_block_pattem() shall not exist.

5.2.5 Macroblock modes

The elements in macroblock_modes() are varied by
red_bw_{lag and red_bw_indicator, although macro-
block_type always exists.

When red_bw_indicator is equal to or more than 2,
frame_motion_type, field_motion_type, and dct_type
shall not exist.

The validity of the parameter derived from macro-
block_type depends on red_bw_flag and red_bw_in-
dicator.
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macroblock_quant — When red_bw_flag is 0 or
red_bw_indicator is 0, macroblock_quant is the same
as in the original stream.

Whenred_bw_flag is setto 1 and red_bw_indicatoris
1 or 2, this specifies the existence of quan-
tizer_scale_code in macroblock(). The data may not
be the same as in the original stream.

macroblock_motion_forward, macroblock_mo-
tion_backward — When red_bw_flag is 0 or
red_bw_indicator is 0 or 1, macroblock_motion_for-
ward and macroblock_motion_backward have the

Annex A (informative)
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same meaning as in the original stream. Otherwise,
these are not guaranteed

macroblock_pattern — When red_bw_flag is 0 or
red_bw_indicator is 0, macroblock_pattern is the
same as in the original stream. When red_bw_indica-
tor is 1, this specifies the existence of dct_type. When
red_bw_indicator is 2, this information is not guaran-
teed.

macroblock_intra — When red_bw_flag is 0 or
red_bw_indicator is 0 or 1, macroblock_intra is the
same as in the original stream. Otherwise, this infor-
mation is not guaranteed.

ITU-T H.222.0, ISONEC 13818-1:1996, Information Tech-
nology — Generic Coding of Moving Pictures and Associ-
ated Audio Information: Systems



