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Foreword

SMPTE (the Society of Motion Picture and Television Engineers) is an internationally-recognized standards
developing organization. Headquartered and incorporated in the United States of America, SMPTE has
members in over 80 countries on six continents. SMPTE’s Engineering Documents, including Standards,
Recommended Practices, and Engineering Guidelines, are prepared by SMPTE’s Technology Committees.
Participation in these Committees is open to all with a bona fide interest in their work. SMPTE cooperates
closely with other standards-developing organizations, including 1ISO, IEC and ITU.

SMPTE Engineering Documents are drafted in accordance with the rules given in its Standards Operations
manual.

SMPTE ST 2082-11 was prepared by Technology Committee 32NF.

Intellectual Property

At the time of publication no notice had been received by SMPTE claiming patent rights essential to the
implementation of this Standard. However, attention is drawn to the possibility that some of the elements of this
document may be the subject of patent rights. SMPTE shall not be held responsible for identifying any or all
such patent rights.

Introduction
This section is entirely informative and does not form an integral part of this Engineering Document.

SMPTE ST 2082-11 defines the mapping of various source images and associated ancillary data into a Dual-
link 12 Gb/s [nominal] SDI bit-serial interface.

The general process for creating a dual-link 12G-SDl is illustrated below in Figures 1 and 2. Detailed definitions
of how this process applies to each of the modes defined in the scope follow in other sections of this document.

Divide to sixteen Map Sub Images to 160-bit Virtual
Imiggrgaeta 1080-line Sub Intorface and aid Timing, CRC, LN, 1%-];'1 ﬁﬁnig 'X
Images ANC data, PID to each Data Stream
L Sub Image One > Data Stream One
o Sub Image Two »  Data Stream Two
o Sub Image Three | Data Stream Three
o Sub Image Four > Data Stream Four 12G-SDI 10-bit
o Sub Image Five > Data Stream Five interface ST 2082-1
o Sub Image Six > Data Stream Six R
) .| Sublmage Seven - Data Stream Seven n
Single “|  SublImage Eight » Data Stream Eight
4320-line - -
Image > Sub Image Nine > Data Stream Nine
Sub Image Ten > Data Stream Ten
.| SubImage Eleven | Data Stream Eleven
| Sublmage Twelve | Data Stream Twelve 12G-SDI 10-bit
. | SubImage Thirteen | Data Stream Thirteen interface ST 2082-1
| sub Image Fourteen » Data Stream Fourteen Cink 2
Sub Image Fifteen » Data Stream Fifteen in
Sub Image Sixteen | Data Stream Sixteen

Figure 1 — Carriage of 4320-line images in a Dual-link 12G interface -

generalized process as used by Mode 1
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Map Sub Images to 160-bit Virtual
Interface and add Timing, CRC, LN,
ANC data, PID to each Data Stream

Dual 12G-SDI 10-bit
Multiplex

Source Divide to four 1080-
Image data line Sub Images

Data Stream One
Data Stream Two
Data Stream Three
Data Stream Four 12G-SDI 10-bit
Data Stream Five interface ST 2082-1

Data Stream Six -

Data Stream Seven Link 1
Data Stream Eight
Data Stream Nine
Data Stream Ten

Data Stream Eleven

Data Stream Twelve 12G-SDI 10-bit

Data Stream Thirteen interface ST 2082-1

Data Stream Fourteen -
Data Stream Fifteen Link 2
Data Stream Sixteen

\

Sub Image One

A

Sub Image Two

Single 2160-
line Image

Sub Image Three

> Sub Image Four

YYVYYYYYVYVYVYYYYVYYVYYY

Figure 2 — Carriage of 2160-line images in a Dual-link 12G interface —
generalized process as used by Mode 2 and Mode 3

Formatting

The source images are divided into four or sixteen 1080-line sub images as appropriate to the source image
format.

The sub images are then mapped on to a 160-bit virtual interface consisting of sixteen 10-bit data streams.

Each 10-bit data stream includes timing and sync words, line numbers, cyclic redundancy codes, ancillary data,
including audio, and payload identification packets.

Multiplex
The 160-bit virtual interface is multiplexed onto two 12G-SDI 10-bit interfaces.

The first eight data streams are multiplexed in the order data stream eight, data stream four, data stream six,
data stream two, data stream seven, data stream three, data stream five, data stream one ...onto 12G-SDI Link
1.

The second eight data streams are multiplexed in the order data stream sixteen, data stream twelve, data
stream fourteen, data stream ten, data stream fifteen, data stream eleven, data stream thirteen, data stream
nine ...onto 12G-SDI Link 2.
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1 Scope
This Standard defines the mapping of:

e MODE 1: 4320-line Standard Dynamic Range (SDR) and High Dynamic Range (HDR) Y'C'sC'r 4:2:2
and 4:2:0 10-bit image formats and ancillary data into a Dual-link 12G-SDI 10-bit interface as defined
in section 7 Dual-link 12G-SDI 10-bit Multiplex

e MODE 2: 2160-line Standard Dynamic Range (SDR) and High Dynamic Range (HDR) R'G'B’,
Y'C'sC'r 4:4:4(:4) 10-bit and 4:4:4 12-bit image formats and ancillary data into a Dual-link 12G-SDI
10-bit interface as defined in section 7 Dual-link 12G-SDI 10-bit Multiplex

e MODE 3: 2160-line Standard Dynamic Range (SDR) and High Dynamic Range (HDR) Y'C'sC'r 4:2:2
and 4:2:0 10-bit High Frame Rate HFR Source image formats and ancillary data into a Dual-link 12G-
SDI 10-bit interface as defined in section 7 Dual-link 12G-SDI 10-bit Multiplex

This standard also defines the carriage of the SMPTE ST 352 payload ID’s for the Dual-link 12Gb/s SDI
interface.

It is not necessary for implementations to include support for all formats that are included in this standard.
Implementers are encouraged to indicate supported formats in commercial publications.

2 Conformance Notation

Normative text is text that describes elements of the design that are indispensable or contains the conformance
language keywords: "shall", "should", or "may". Informative text is text that is potentially helpful to the user, but
not indispensable, and can be removed, changed, or added editorially without affecting interoperability.
Informative text does not contain any conformance keywords.

All text in this document is, by default, normative, except: the Introduction, any section explicitly labeled as
"Informative" or individual paragraphs that start with "Note:”

The keywords "shall" and "shall not" indicate requirements strictly to be followed in order to conform to the
document and from which no deviation is permitted.

The keywords, "should" and "should not" indicate that, among several possibilities, one is recommended as
particularly suitable, without mentioning or excluding others; or that a certain course of action is preferred but
not necessarily required; or that (in the negative form) a certain possibility or course of action is deprecated but
not prohibited.

The keywords "may" and "need not" indicate courses of action permissible within the limits of the document.

The keyword “reserved” indicates a provision that is not defined at this time, shall not be used, and may be
defined in the future. The keyword “forbidden” indicates “reserved” and in addition indicates that the provision
will never be defined in the future.

A conformant implementation according to this document is one that includes all mandatory provisions ("shall")
and, if implemented, all recommended provisions ("should") as described. A conformant implementation need
not implement optional provisions ("may") and need not implement them as described.

Unless otherwise specified, the order of precedence of the types of normative information in this document shall
be as follows: Normative prose shall be the authoritative definition; Tables shall be next; followed by formal
languages; then figures; and then any other language forms.
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3 Normative References

The following standards contain provisions that, 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 ST 12-2:2014, Transmission of Time Code in the Ancillary Data Space
SMPTE ST 12-3:2016, Time Code for High Frame Rate Signals and Formatting in the Ancillary Data Space

SMPTE ST 274:2008, 1920 x 1080 Image Sample Structure, Digital Representation and Digital Timing
Reference Sequences for Multiple Picture Rates

SMPTE ST 291-1:2011, Ancillary Data Packet and Space Formatting
SMPTE ST 299-1:2009, 24-Bit Digital Audio Format for SMPTE 292 Bit-Serial Interface

SMPTE ST 299-2:2010, Extension of the 24-Bit Digital Audio Format to 32 Channels for 3 Gb/s Bit-Serial
Interfaces

SMPTE ST 352:2013, Payload Identification Codes for Serial Digital Interfaces
SMPTE ST 425-5:2019, Image Format and Ancillary Data Mapping for the Quad Link 3 Gb/s Serial Interface
SMPTE ST 2036-1:2014, Ultra High Definition Television — Image Parameter Values for Program Production

SMPTE ST 2048-1:2011, 2048 x 1080 and 4096 x 2160 Digital Cinematography Production Image Formats
FS/709

Amendment 1:2016 to SMPTE ST 2048-1:2011

SMPTE ST 2048-2:2011, 2048 x 1080 Digital Cinematography Production Image FS/709 Formatting for Serial
Digital Interface

SMPTE ST 2081-10:2018, 2160-line and 1080-line Source Image and Ancillary Data Mapping for single-link
6G-SDI

SMPTE RP 2077:2013, Full Range Image Mapping

Recommendation ITU-R BT.2100-2 (07/2018), Image parameter values for high dynamic range television for
use in production and international programme exchange

4 Mode 1: Carriage of 4320-line Y'C'sC'r and ICTCp 4:2:2 and 4:2:0 10-bit Source
image formats and ancillary data.

In the case of 4320-line mapping, the image formats supported shall be as defined in Table 1.
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Table 1 — Supported Image sample structures and frame rates

Reference Signal Format Sampling
Standard Image Format Structure/pixel Depth Frame Rate
SMPTE 4:2:2 (Y'C'sC'r)/10-bit,
ST 2036-1 Py 1 e 24/1.001, 24, 25,
7680 x 4320 4:2:2 (IC1Cp™)0-bit, 30/1.001 and 30
Rec. ITU-R 4:2:0 (Y'C'sC'r)/10-bit Progressive
BT.2100 4:2:0 (ICTCp*")/10-bit
Notes:
*1 In accordance with Recommendation ITU-R BT.2100, IC+Cp sampling is only
applied to High Dynamic Range (HDR) progressive image formats.

4.1 Mapping

The 4320-line image shall be divided into four 2160-line intermediate sub images in accordance with the 2
sample interleave sub-division method as shown in Figure 3.

For a 4:2:0 source image, the C's and C'r samples in intermediate sub images 3 and 4 shall be set to the value
200h.

For ICtCp formats the mappings for Y'C'sC'r formats shall be used with Y’ replaced by |, C's replaced by C+
and C'rreplaced by Ce.

Informative Annex A provides information about the amount of HANC and VANC data space available in this
operating mode.
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2160-line Intermediate Sub-Image 1 3g39

2-sample interleave division
2159
0
4320-line Source Image
7679
0
<> <> <> < <> <>
J4]ele[s[s[7]7]a]ale s}
<>
2159
IS
0

2159
\)

2160-line Intermediate Sub-Image 2 3g39

Wl ol =|Oo

4319

910 9 10[10F —— ————— ——— ——

1314 1313141 —— - ———————— ]

$—
2159 (15(15|16|16|15|15|16|16}F —— ——— — — — — — — — o

Figure 3 — Two sample division of a 4320-line image to four 2160-line intermediate sub images

Each 2160-line intermediate sub image shall then be divided into four 1080-line sub images and mapped to a
40-bit virtual interface according to SMPTE ST 2081-10 Mode 1 “Carriage of 2160-line Source image formats
and ancillary data” as illustrated in Figure 4.

Intermediate sub image 1 shall be divided to sub images 1 through 4 and mapped to data streams one through
four.

Intermediate sub image 2 shall be divided to sub images 5 through 8 and mapped to data streams five through
eight.

Intermediate sub image 3 shall be divided to sub images 9 through 12 and mapped to data streams nine through
twelve.

Intermediate sub image 4 shall be divided to sub images 13 through 16 and mapped to data streams thirteen
through sixteen.

Note: For 4:2:0 source images, the 10-bit C's and C'r samples in sub images 9 through 16 are set to the value
200h.
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The sixteen 10-bit data streams so constructed shall each contain timing reference code words (SAV/EAV), line
numbers and line based CRC’s as defined in SMPTE ST 2081-10 Mode 1.

The sixteen data streams, data stream one through data stream sixteen, shall be combined into a 160-bit virtual
interface having an interface frequency of 148.5 MHz or 148.5/1.001 MHz.

The virtual interface shall contain ancillary data and audio as defined elsewhere in this standard.

Mapping to 160-bit Virtual Interface with Timing,

CRC, LN, ANC data, Payload ID etc. Dual 12G-SDI 10-bit Multiplex

‘ 2160-line intermediate sub images

2 Sample Interleave
Division

‘ 1919/

0 2047

2160-line intermediate o Subimage 1
sub |mEQL+/V Data St

7095 1079 ata Stream one

Sub Image 2
............... Data Stream two

'Sub Image 3
Data Stream three

'Sub Image 4
Data Stream four

12G-SDI 10-bit interface

2160-line intermediate ST 2081-1

sub image 2 Sub Image 5
Data Stream five
6)5]5

[ Jo]=] o

2159

5]5]6]6]5]5)6
5]5]6)[6)5]5][6 \ Sub Image 6 .
7)7]8)8]7)7]8 Data Stream six
\
'
H \ Sub Image 7
' Data Stream seven
'
.
5)5)6]6)5)5)6)6)-====mncncmccncs Subimage 8
80 0000 D i > Data Stream eight

2160-line intermediate Sub Image 9
= imaqe : _ Data Stream nine
9o J1o[10[9]9
12)12J11]11
9]910[10[9]9 \ Sub Image 10
DEEEDE Data Stream ten
\ Sub Image 11
Data Stream eleven
.
9] 9 T10fi0[9)9)i0[i0 = = Sub Image 12
H[TH[12f 21 1[11[12]12}=== > Data Stream twelve
12G-SDI 10-bit interface
2160-line intermediate Sub Image 13 ST 2081-1
sub image 4 Data Stream thirteen
(13[13[14[14]13[13[14[ 14} = =
(13[1a]1a]73[13(14[14 \ Sub Image 14
1516:@151615 Data Stream fourteen
\ Sub Image 15
Data Stream fifteen
Sub Image 16
—— Data Stream sixteen

Figure 4 — 2 sample division of the four 2160-line intermediate sub images to sixteen 1080-line sub
images, and mapping into a Dual-link 12G-SDI interface

<

4.2 Intermediate Sub Image Mapping (Informative)

Each 2160-line intermediate sub image is divided to four 1080-line sub images in accordance with SMPTE ST
2081-10 Mode 1 using the 2 sample interleave sub-division method referenced in SMPTE ST 425-5 “2160-line
image division into four sub images”.

Each 1080-line sub image conforms to the SMPTE ST 274 or SMPTE ST 2048-2 sub image formats defined in
Table 14 of SMPTE ST 425-3 repeated here for convenience in Table 2.
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Table 2 — 1080-line Sub image Formats for 4320-line Source Images

Reference i ;
Sub Image Format Signal Formgt Sampling Frame Rate (Hz)
SMPTE Standard Structure/Pixel Depth
ST 274 1920 x 1080 4:2:2 (Y'C'sC'r)/10-bit 24/1.001, 24, 25, 30(1.001 and 30
Progressive
Progressive

Each sub image is mapped into a data stream which complies with the 1.5 Gb/s data stream defined in SMPTE
ST 292-1. Sub image 1 is mapped into data stream one. Sub image 2 is mapped into data stream two. Sub
image 3 is mapped into data stream three. Sub image 4 is mapped into data stream four. Sub image 5 is
mapped into data stream five. Sub image 6 is mapped into data stream six. Sub image 7 is mapped into data
stream seven. Sub image 8 is mapped into data stream eight. Sub image 9 is mapped into data stream nine.
Sub image 10 is mapped into data stream ten. Sub image 11 is mapped into data stream eleven. Sub image
12 is mapped into data stream twelve. Sub image 13 is mapped into data stream thirteen. Sub image 14 is
mapped into data stream fourteen. Sub image 15 is mapped into data stream fifteen. Sub image 16 is mapped
into data stream sixteen.

Each of the sixteen 10-bit data streams so constructed contains timing reference code words (SAV/EAV), line
numbers and line based CRC’s as defined in SMPTE ST 425-3 2160-line Mapping.

4.3 12G-SDI Link Multiplex Structure (Informative)

Following multiplexing onto a dual-link 12G-SDI 10-bit interface according to Section 7 the 12G-SDI data
streams are conveyed in the following order:

{n} indicates the number of the sub image
12G-SDI Link 1:
Sub images 1 through 8: {8} C's0, {4} C's0, {6} C's0, {2} C's0, {7} C's0, {3} C's0, {5} C's0, {1} C'50, {8}

Y'0, {4} Y'0, {6} Y'O, {2} Y'O, {7} Y'O, {3} Y'0, {5} Y'O, {1} YO, {8} C'rO, {4} C'rRO, {6} C'rRO, {2} C'rRO, {7}
C'rO, {3} C'rRO, {5} C'rRO, {1} C'rRO, {8} Y"1, {4} Y"1, {6} Y"1, {2} Y"1, {7} Y"1, {3} Y"1, {5} Y"1, {1} Y"1, {8}
C's1, {4} C's1, {6} C's1, {2} C'81, {7} C'81, {3} C'81, {5} C'81, {1} C'81, {8} Y'2, {4} Y'2, {6} Y'2, {2} Y'2,
{7yY'2, {3} Y2, {5}Y2, {1} Y'2,{8} Cr1, {4} C'r1, {6} C'r1, {2} C'r1, {7} C'r1, {3} C'r1, {5} C'r1, {1}

Cr1, {8} Y'3, {4} Y'3, {6} Y'3, {2} Y'3, {7} Y'3, {3} Y'3, {5} Y'3, {1} Y'3...

12G-SDI Link 2:
Sub images 9 through 16: {16} C's0, {12} C's0, {14} C's0, {10} C's0, {15} C's0, {11} C's0, {13} C's0, {9}

C's0, {16} Y'0, {12} Y'0, {14} Y'0, {10} Y'0, {15} Y'0, {11} Y'0, {13} Y'0, {9} Y'0, {16} C'rO, {12} C'rO, {14}
C'r0, {10} C'rO, {15} C'r0, {11} C'r0, {13} C'rO, {9} C'rO, {16} Y"1, {12} Y'1, {14} Y"1, {10} Y'1, {15} Y"1,

{113 Y"1, {13} Y'1, {9} Y'1, {16} C's1, {12} C's1, {14} C's1, {10} C's1, {15} C'a1, {11} C's1, {13} C's1, {9}
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C's1, {16} Y'2, {12} Y'2, {14} Y'2, {10} Y'2, {15} Y'2, {11} Y'2, {13} Y'2, {9} Y'2, {16} C'r1, {12} C'r1,
{14} C'r1, {10} C'r1, {15} C'r1, {11} C'r1, {13} C'r1, {9} C'r1, {16} Y'3, {12} Y'3, {14} Y3, {10} Y'3, {15}

Y'3, {11} Y'3, {13} Y'3, {9} Y'3...

For ICtCp formats, Y' is replaced with I, C's with Crand C'r with Cp.

For 4:2:0 source images, the 10-bit C's and C'r samples in sub images 9 through 16 are set to the value 200h.

4.4 Ancillary Data

When present, ancillary data packets shall be mapped into the HANC or the VANC spaces of each data stream
in accordance with the SMPTE ST 292-1 ancillary data mapping rules.

Ancillary data packets shall be mapped into either the Luma (Y') data channel or the Color-Difference (C's, C'r)
data channel. On each data stream the layout of the Luma (Y') data channel and the Color-Difference (C's, C'r)
data channel shall be as shown in the Figure “Interleaved data stream” of SMPTE ST 292-1.

Unless otherwise stated, the ancillary data shall be preferentially mapped into data stream one first and any
remaining data shall then be mapped onto data stream two, then into data stream three, data stream four and
so on up to data stream sixteen. Data space requirements and locations for each data service are defined by
their respective application documents. In some cases it is required by specific applications that ancillary data
be mapped into all sixteen data streams (e.g. Payload ID.)

Informative Annex A provides information about the amount of HANC and VANC data space available in this
operating mode.

4.5 Audio Data

When present, audio data shall be mapped into the HANC space of data streams one through sixteen and shall
be in conformance with SMPTE ST 299-1.

Audio control packets are mapped into the Luma (Y’) data channel on each data stream.
Audio data packets are mapped into the Color-Difference (C's,C'r) data channel on each data stream.

Audio control and data packets shall be mapped into data stream one first and any remaining audio data shall
then be mapped onto data stream two, then into data stream three, data stream four and so on up to data
stream sixteen.

The audio clock phase data as defined in the section “CLK (audio clock phase data)” of SMPTE ST 299-1 shall
be calculated at the clock frequency of 74.25 (/1.001) MHz.

4.5.1 Number of Audio Channels

Up to 256 audio channels sampled at 32 kHz, 44.1 kHz or 48 kHz may be mapped into data streams one
through sixteen of the 160-bit virtual interface. At 96 kHz sampling, up to 128 audio channels may be mapped
into the virtual interface.

4.51.1 Carriage of up to 256 Channels of Audio at up to 48 kHz Sampling

For audio at up to 48 kHz sampling, the audio data and control packets for the first 16 channels shall be mapped
into data stream one in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the second 16 channels shall be mapped into data stream two in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).
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The audio data and control packets for the third 16 channels shall be mapped into data stream three in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).

In the same way, successive sets of 16 channels shall be mapped into successive data streams, up to...

The audio data and control packets for the sixteenth 16 channels shall be mapped into data stream sixteen in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).

4.51.2 Carriage of up to 128 Channels of Audio at 96 kHz Sampling

For audio at 96 kHz sampling, the audio data and control packets for the first 8 channels shall be mapped into
data stream one in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the second 8 channels shall be mapped into data stream two in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the third 8 channels shall be mapped into data stream three in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).

In the same way, successive sets of 8 channels shall be mapped into successive data streams, up to...

The audio data and control packets for the sixteenth 8 channels shall be mapped into data stream sixteen in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).

4.5.2 Audio Copy

As an alternative to the mapping of the maximum number of unique audio channels described above, blocks of
audio channels may be copied within the interface. This may be done in order for Link 2 to carry a copy of the
audio on Link 1, or to facilitate audio copy from 6G-SDI Link 1 to 6G-SDI Links 2, 3 and 4 if this dual 12G-SDI
signal is mapped onto quad-link 6G-SDI .

Note: Audio copy reduces the number of channels that can be transported by the interface.

If audio is copied:

Data streams one through four shall always carry original audio

Data streams five through eight may also carry original audio

Data streams nine through sixteen may carry copied audio from data streams one through eight.

Data streams five through eight may carry copied audio from data streams one through four. In this case data
streams nine through twelve, and data streams thirteen through sixteen shall also carry the same copied audio.

The audio copy status of each data stream shall be signaled in the PID for that data stream as described in
Section 4.6

4.6 Time Code Data

When present the time code shall be mapped into the HANC space of data stream one, and shall be in
conformance with SMPTE ST 12-2.

The time code may also be mapped onto data stream two, data stream three, data stream four, and so on up
to data stream sixteen, in which case the corresponding Time Address values shall be identical.

4.7 Payload Identifier
A payload identifier packet shall be placed in each data stream.

Table 3 shows the payload identifier definitions for 4320-line Video Payloads. As stated in SMPTE ST 352, the
payload identifier consists of 4 bytes where each byte has a separate significance. The first byte of the payload
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identifier has the highest significance and subsequent bytes define lower order video and ancillary payload
information.

The horizontal placement of the packet should be immediately following the last CRC code word (CR1) of the
line(s) specified in SMPTE ST 352 for 1125-line systems.

Note: The line numbers defined in SMPTE ST 352 for the placement of the payload identifier packet in 1125-
line systems avoid those lines used by SMPTE ST 299-1 for the carriage of digital audio control packets.

Table 3 — Payload Identifier Definitions for 4320-line Video Payload for Mapping on a Dual-link 12Gb/s

(nominal) Serial Interface

Bits | Byte 1 Byte 2 Byte 3 Byte 4
. . Aspect Ratio
Bit 7 1 Progressive transport (1) 16:9 (1) or Unknown (0) . .
- - Link assignment
. ' ' Sub image horlzontal 12G-SDI Link 1 (Oh)
Bit 6 1 Progressive picture (1) sampling .
1920 (0) or 2048 (1) 12G-SDlI Link 2 (1h)
Bit 5 0 Transfer characteristics Colort
SDR-TV (0h) olorimetry
HLG (1h Rec 709" (Oh) Luminance and color difference signal
. (1h) Color VANC Packet (1h)
Bit 4 1 PQ (2h) UHDTV*2 (2h) Y'C'sC'Rr (0)
Unspecified (3h) Unknown (3h) ICTCr (1)
Bit 3 0 Reserved (0)
Audio copy status:
Bit 2 0 Audio in this data stream carries
. . additional channels (0)
Picture rate Sampling structure Audio in this data stream is copied (1)
Bit 1 0 (See Table 4) (See Table 5) Bit depth
10-bit Full Range (Oh)
Bit 0 0 10-bit (1h)
Other values shall be reserved
Notes:
*1 Rec 709 indicates ITU-R recommendation BT.709 colorimetry and is equivalent to SMPTE ST
2036-1 Conventional System Colorimetry.
*2 UHDTYV indicates SMPTE ST 2036-1 UHDTYV colorimetry and is equivalent to ITU-R
recommendation BT.2020 colorimetry
*3 The usage of bytes 2, 3 and 4 is consistent for all modes in this document but the definitions are
repeated for the convenience of the reader

4.71

Byte 1 - Digital Interface and Payload Identification

Byte 1 of the payload identifier identifies the video payload and the digital interface and shall be as defined

below.

Byte 1 shall be set to [DOh] for 4320-line image formats listed in Table 1 transported via dual-link 12G-SDI.
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4.7.2 Byte 2 - Picture Rate and Scanning Method

Byte 2 of the payload identifier shall be used to identify the picture and transport scanning methods and the
picture rate.

Bit b7 shall be set to 1 (progressive transport).

Bit b6 shall be set to 1 (progressive picture).

Bits b5 and b4 shall be used to indicate Transfer Characteristic such that:
b5:b4 = Oh identifies SDR-TV in accordance with SMPTE ST 274 or SMPTE ST 2036-1
b5:b4 = 1h identifies HLG HDR-TV in accordance with Recommendation ITU-R BT.2100
b5:b4 = 2h identifies PQ HDR-TV in accordance with Recommendation ITU-R BT.2100
b5:b4 = 3h identifies Unspecified Transfer Characteristics

In the case where bits b5:b4 of Byte 3 indicate “Color VANC packet as defined in ST 2048-1, if the
Transfer Characteristic signaled in the Color VANC packet is active, then it takes precedence over
the Transfer Characteristic signaled in b5:b4.

Note: The Reference EOTF as defined in SMPTE ST 2084 is the same as the Reference PQ EOTF defined in
Recommendation ITU-R BT.2100.

Bits b3 to b0 shall be used to identify the picture rate in Hz according to Table 4 and shall only use the values
as permitted for image formats in Table 1.

Table 4 SMPTE ST 352 Byte 2 Picture rate extended to include additional picture (frame) rates

Value PiCtul-rlg rate Value PiCtul-rlg rate Value Pictu;l'z rate Value PiCtul-rlg rate
Oh Not defined 1h 96/1.001 2h 24/1.001 3h 24
4h 48/1.001 5h 25 6h 30/1.001 7h 30
8h 48 9h 50 Ah 60/1.001 Bh 60
Ch 96 Dh 100 Eh 120/1.001 Fh 120

4.7.3 Byte 3 - Sub Image Sampling Structure, Aspect Ratio, Horizontal Size and Colorimetry

Byte 3 of the payload identifier shall be used to identify the aspect ratio, horizontal pixel array size, and sampling
structure of the sub image video payload.

Bit b7 shall be used to identify the aspect ratio such that:
b7 = 0 identifies unknown aspect ratio
b7 = 1 identifies a 16:9 aspect ratio
Bit b6 shall be used to identify the number of active Luma/R'G'B'/l samples for the sub image such that:
b6 = 0 identifies 1920 active Luma/R'G'B/I' samples
b6 = 1 identifies 2048 active Luma/R'G'B'/l samples
Bits b5 and b4 shall be used to identify the colorimetry for the image formats identified in Table 1 such that:
b5:b4 = Oh identifies Rec 709 colorimetry
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b5:b4 = 1h identifies that the colorimetry is defined in the Color VANC packet as defined in SMPTE
ST 2048-1

b5:b4 = 2h identifies UHDTV colorimetry in accordance with the Reference Primaries and reference
white as defined in ST 2036-1. See Note 2 to Table 3.

b5:b4 = 3h identifies unknown colorimetry

Bits b3 to b0 shall be used to identify the sampling structure in accordance with Table 5 and shall only use the
values as permitted for image formats in Table 1.

Table 5 SMPTE ST 352 Byte 3 Sampling Structure

Value Sampling Value Sampling Value Sampling Value Sampling
on (Y%?Bg’R) 1h (Y%té'a) 2h (é':é:'g') 3h (Y%?B:g'R)
| o) | | voechea) | O | memeay | Reserved
B | vy | M | (vCscwp) | A" | Romapy | Bh | Reserved
Ch Reserved Dh Reserved Eh (;:};) Fh Reserved

4.7.4 Byte 4 - Link assignment Identification, Audio copy status and Quantization Bit Depth

Byte 4 of the payload identifier shall be used to identify the link assignment, audio copy status and bit depth of
the sample quantization.

Bits b7 to b5 shall be used to identify Link assignment and set to:
b7:b5 = Oh identifies 12G-SDI Link 1
b7:b5 = 1h identifies 12G-SDI Link 2

Bit b4 shall be used to indicate the interpretation of the Luminance and color difference signal such that:
b4 = 0 indicates Y'C'sC'r in accordance with SMPTE ST 2036-1

b4 = 1 indicates ICtCp in accordance with Recommendation ITU-R BT.2100

Note: In the case where Byte 3 bits b3:b0 indicate R'G'B’, bit b4 can be ignored.
See informative Annex B — Further Guidance on luminance and color difference signal Identification.
Bit b3 shall be reserved and set to 0
For data streams one through four, bit b2 shall be set to 0 (reserved)

For data streams five through sixteen, bit b2 shall be used to identify whether audio data in this data stream is
copied:

b2 = 0 identifies that all audio if present in this data stream carries additional channels
b2 = 1 identifies that audio if present in this data stream is copied
Bits b1 to b0 shall be used to identify the bit depth of the sample quantization such that:

b1:b0 = Oh identifies quantization using Full Range 10-bit per sample as defined in Recommendation
ITU-R BT.2100.

Page 15 of 47



SMPTE ST 2082-11:2019

The prohibited code values shall be protected in accordance with SMPTE RP 2077 “Mapping
to Interfaces and Formats that Rely upon Protected Code Values” with CViow = 4 and CVhicH
=1019

b1:b0 = 1h identifies quantization using 10 bits per sample

Other values shall be reserved.

4.8 Blanking (Informative)

As defined in the sub image source format documents SMPTE ST 274 and SMPTE ST 2048-2, HANC and
VANC spaces with no ancillary data packets or audio data packets contain data words that represent video
black level for the video structure being carried.

In the case of 4:2:2 Y'C'sC'r or ICTCp 10-bit video structure, even numbered words in each data stream take
the value 200h and odd numbered words in each data stream take the value 040h.

The word numbering is defined such that the first word of active video in each line in each data stream is
numbered zero, and so is an even numbered word.

49  Multiplex

The 160-bit virtual interface shall then be multiplexed onto two Type 2 12G-SDI 10-bit interfaces according to
Section 7.

410 Levels of Operation (Informative)

To define the level of support for SMPTE ST 2082-11 Mode 1, manufacturers are encouraged to indicate in
publications which mapping format is supported. For example:

SMPTE ST 2082-11 MODE 1 — 4320-line Source image formats and ancillary data into a Dual-link 12 Gb/s
[nominal] SDI bit-serial interface

Manufacturers are also encouraged to indicate in publications supported audio and video formats.

5 MODE 2: Carriage of 2160-line R'G'B’, Y'C'sC'r and IC1Cp 4:4:4(:4) 10-bit and 4:4:4
12-bit source image formats and ancillary data

In the case of 2160-line mapping, the source image formats shall be as defined in Table 6.
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Reference Standard Image Format Signal F°rm"?‘t Sampling Frame Rate Sub Image Mapping
Structure/pixel Depth Structure
SMPTE . R .
ST 2036-1 3840 x 2160 4:4:4 (RGB)/10-bit, 50, 60/1.001 and 60
AA- IRR4LA™3 _hi rogressive
Rec. [TU-R BT 2100 4:4:4:4 (R'G'B'+A"3)/10-bit g
4:4:4 (R'G'B™")/10-bit, 48/1.001, 48, 50,
S 4096 x 2160°2 BN 60/1.001 and 60
4:4:4:4 (R G'B'+A )/1 O-b|t Progressive
- - ; Il
SMPTE 4:4:4 (\'( C'J B(': R)/j 0-bit .
ST 2036-1 3840 x 2160 4:4:4:4 (Y'C'sBC'r+A"3)/10-bit 50, 60/1.001 and 60
Rec. [TU-R BT 2100 4:4:4 (IC7Cp**)/10-bit Progressive
ec. LR Bl 4:4:4:4 (ICTCP*+A")/10-bit
4:4:4 (Y'C'sC'R), 48/1.001, 48, 50,
S?'\QSI; 4096 x 2160*2 L 60/1.001 and 60
4:4:4:4 (Y C BC R+A) /1 0-bit Progressive
SIS 50, 60/1.001 and 60
ST 2036-1 44 (R'G'RY/19-bi , . an
3840 x 2160 4:4:4 (R'G'B")/12-bit Progressive
Rec. ITU-R BT.2100
48/1.001, 48, 50,
SMPTE 4096 x 21602 4:4:4 (RGB™)12-bit 60/1.001 and 60
ST 2048-1 .
Progressive
1l
SMPTE . NI .
ST 2036-1 3840 x 2160 4:4:4 (Y'CsCR)M2-bit 50, 60/1.001 and 60
A- *4 _hi rogressive
Rec. [TU-R BT 2100 4:4:4 (ICTCp)**/12-bit g
48/1.001, 48, 50,
ST 2048-1 4096 x 2160*2 4:4:4 (Y'C'sC'r)/12-bit 60/1.001 and 60
Progressive
4:2:2 (Y'C'8C'r)/12-bit
4:2:2 (Y'C'sC'r+A"®)/12-bit
.. *4 _hi
SMPTE 4:2:2 (|CTCj:’) /:2 bit .
ST 2036-1 3840 x 2160 4:2:2 (ICTCP™+AZ)/12-bit 50, 60/1.001 and 60
Rec. ITU-R BT 2100 4:2:0 (Y'C'sC'r)/12-bit Progressive
ec. YR B 4:2:0 (Y'C'sC'r+A’3)/12-bit
4:2:0 (ICTCp)**/12-bit
4:2:0 (ICTCP*+A"3)/12-bit v
48/1.001, 48, 50,
SMPTE 4096 x 21602 4:2:2 (Y'C'sC'r)/12-bit 60/1.001 and 60
ST 2048-1 .
Progressive
SMPTE 48/1.001, 48, 50,
4096 x 2160*2 4:2:2:4 (Y'C'8C'r+A*3)/12-bit 60/1.001 and 60
ST 2048-1 .
Progressive
Notes:
*1 In this image format R'G'B’ indicates either R'G'B’' or R'rsG'rsB'rs. The suffix FS and an additional Color VANC

packet to describe the FS characteristics are defined by SMPTE ST 2048-1.
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This is the maximum pixel array, the active image might not fill the maximum array.

Definition of the A channel is application-dependent. An auxiliary component signal designated A or Alpha

may optionally accompany the R'G'B’, R'rsG'rsB'rs, Y'C's8C'r or ICTCp video signal. Interfaces containing the
auxiliary component are denoted as R'G'B'+A, Y'C'sC'r+A and ICtCp+A. In the cases when the A channel is used
for non-picture data, the payload is constrained to 8-bit words maximum

*4 In accordance with Recommendation ITU-R BT.2100, ICTCp sampling is only applied to High Dynamic
Range (HDR) progressive image formats.

Figure 5 illustrates the generalized process for the carriage of 2160-line source image formats in a dual-link
12G-SDl interface.

2160-line source image ‘ Mapping o 100-bi Virtual ';’;y’fs;s with Timing, ‘ Dual12G-SDI 10-bit Multiplex
2 Sample Interleave
Division
1919/
0 2047
0 Data Stream one
D:
Sub Image 1 ata Stream two
Data Stream three
Data Stream four 12G-SDI 10-bit
interface
Data Stream five ST 2082-1
0
o[1 Sub Image 2 Data Stream six -
3 __Lmk 1
1 Data Stream seven
3
Data Stream eight
Data Stream nine
Data Sti 1
Sub Image 3 ata Stream ten
Data Stream eleven
% Data Stream twelve 12G-SDI 10-bit
interface
Data Stream thirteen ST 2082-1
Sub Image 4 Data Stream fourteen I e
Data Stream fifteen __
Data Stream sixteen

Figure 5 — Carriage of 2160-line image formats in a dual-link 12G-SDI interface

51 Mapping

The 2160-line source image shall be divided into four 1080-line sub images in accordance with the 2 sample
interleave sub-division method referenced in SMPTE ST 425-5 “2160-line image division into four sub images”.

The resulting 1080-line sub images shall conform to the SMPTE ST 274 or SMPTE ST 2048-2 image formats
shown in Table 7.

Table 7 — Sub Image Formats

Source Image Sub Image
Reference Reference Sub Image
Image Format F t
SMPTE Standard SMPTE Standard orma
ST 2036-1 3840 x 2160 ST 274 1920 x 1080
ST 2048-1 4096 x 2160 ST 2048-2 2048 x 1080
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Each 1080-line sub image shall be mapped onto a 40-bit virtual interface consisting of four 10-bit data streams
according to SMPTE ST 2081-10 Mode 2 “Carriage of 1080-line Source image formats and ancillary data”.

Sub image one shall be mapped on to data streams one through four. Sub image two shall be mapped similarly
on to data streams five through eight. Sub image three shall be mapped similarly on to data streams nine
through twelve. Sub image four shall be mapped similarly on to data streams thirteen through sixteen.

The sixteen data streams, data stream one through data stream sixteen, shall be combined into a 160-bit virtual
interface having an interface frequency of 148.5 MHz or 148.5/1.001 MHz.

Each 10-bit data stream in the 160-bit virtual interface so constructed shall contain timing reference code
words (SAV/EAV), line numbers, line based CRC’s and SMPTE ST 352 payload ID’s as defined in SMPTE
ST 2081-10 Mode 2.

For ICtCp formats the mappings for Y'C'sC'r formats shall be used with Y’ replaced by |, C's replaced by C+
and C'rreplaced by Ce.

5.2 Mapping for 4:4:4 (R'G'B’)/ (Y'C'sC'r)/( ICtCp) and 4:4:4:4 (R'G'B'+A)/ (Y'C'sC'r+A)/( IC1Cp+A) 10-
bit Signals

Each 1080-line sub image shall be mapped onto a 40-bit virtual interface consisting of four 10-bit data streams
according to SMPTE ST 2081-10 Mode 2 Mapping Structure Il

5.2.1 12G-SDI Link Multiplex Structure (Informative)

Following multiplexing onto a dual-link 12G-SDI 10-bit interface according to Section 7 the 12G-SDI data
streams are conveyed in the following order, where {n} indicates the number of the sub image:

12G-SDI Link 1:

Sub images 1 and 2, {2}B'1, {1}B"1, {2}B'0, {1}B'0, {2}A0, {1}A0, {2)G'0, {1}G'0, {2}R1, {1}R1, {2}R0,
{1IR0, {2)A1, {1}A1, {21G"1, {1}G'1, {2)B'3, {1}B'3, {2}B"2 {1}B2 ...

12G-SDI Link 2:

Sub images 3 and 4, {4}B'1, {3}B"1, {4}B'0, {3}B'0, {4}A0, {3}A0, {4}G'0, {3}G'0, {4}R'1, {3}R1, {4}R0,
{3IR0, {4}A1, {3}A1, {41G"1, {3)G'1, {4}B'3, {3}B'3, {4}B'2 {3})B2 ...

53  Mapping for 4:4:4 (R'G'B")/(Y'C'sC'r)/( ICTCp) 12-bit signals

Each 1080-line sub image shall be mapped onto a 40-bit virtual interface consisting of four 10-bit data streams
according to SMPTE ST 2081-10 Mode 2 Mapping Structure lll.

For ICtCp formats, Y'is replaced with I, C's with Crand C'r with Cp.
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5.3.1 12G-SDI Link Multiplex Structure (Informative)

Following multiplexing onto a dual-link 12G-SDI 10-bit interface according to Section 7 the 12G-SDI data
streams are conveyed in the following order, where {n} indicates the number of the sub image:

12G-SDI Link 1:
Sub images 1 and 2,

{2} B'1:2-11, {1} B'1:2-11, {2} B'0:2-11, {1} B'0:2-11, {2} G'B'R'0:0-1, {1} G'B'R'0:0-1, {2} G'0:2-11, {1}
G'0:2-11, {2} R'1:2-11, {1} R'"1:2-11, {2} R'0:2-11, {1} R'0:2-11, {2} G'B'R'1:0-1, {1} G'B'R'1:0-1, {2}
G'1:2-11, {1} G'1:2-11, {2} B'3:2-11, {1} B'3:2-11...

12G-SDI Link 2:
Sub images 3 and 4,

{4} B'1:2-11, {3} B'1:2-11, {4} B'0:2-11, {3} B'0:2-11, {4} G'B'R'0:0-1, {3} G'B'R'0:0-1, {4} G'0:2-11, {3}
G'0:2-11, {4} R'1:2-11, {3} R'1:2-11, {4} R'0:2-11, {3} R'0:2-11, {4} G'B'R'1:0-1, {3} G'B'R'1:0-1, {4}
G'1:2-11, {3} G'1:2-11, {4} B'3:2-11, {3} B'3:2-11...

For Y'C'BC'r formats, G’ is replaced with Y’, B’ with C's and R’ with C'r
For ICTCp formats, G' is replaced with I, B’ with Ctand R’ with Cp.

54  Mapping for 4:2:2 (Y’'C'sC'r)/( IC1Cp) 12-Bit and 4:2:2:4 (Y'C'sC'r+A)/( IC1Cp+A) 12-Bit Signals

Each 1080-line sub image shall be mapped onto a 40-bit virtual interface consisting of four 10-bit data streams
according to SMPTE ST 2081-10 Mode 2 Mapping Structure IV.

For ICTCp formats, G' is replaced with I, B’ with Ctand R’ with Cp.

5.4.1 12G-SDI Link Multiplex Structure (Informative)

Following multiplexing onto a dual-link 12G-SDI 10-bit interface according to Section 7 the 12G-SDI data
streams are conveyed in the following order, where {n} indicates the number of the sub image:

12G-SDI Link 1:
Sub images 1 and 2,

{2JA0, {1JA0, {2}C'50:2-11, {1}C'80:2-11, {2}Y'C'sC'r0:0-1, {1}Y'C'5C'r0:0-1, {2}Y'0:2-11, {1}Y'0:2-
11, {2}A1, {1}A1, {2)C'R0:2-11, {1}C'R0:2-11, {2}Y"1:0-1, {1}Y"1:0-1, {2}Y'1:2-11, {1}Y'1:2-11, {2}A2, {1}A2,
{2)C's 2:2-11, {1)C's 2:2-11, {2}Y'C'aC'r2:0-1, {1}Y'C'8C'r2:0-1, {2}Y'2:2-11, {1}Y'2:2-11, {2}A3, {1}A3,
{2)C'R2:2-11, {1}C'r2:2-11, {2}Y'3:0-1, {1}Y'3:0-1, {2}Y'3:2-11, {1}Y'3:2-11...

12G-SDI Link 2:
Sub images 3 and 4,

{4JA0, {3}A0, {4}C'80:2-11, {3}C's0:2-11, {4}Y'C'sC'r0:0-1, {3}Y'C'sC'r0:0-1, {4}Y'0:2-11, {3}Y'0:2-
11, {4)A1, {3)A1, {4]C'r0:2-11, {3}C'R0:2-11, {4}Y'1:0-1, {3}Y'1:0-1, {4}Y'1:2-11, {3}Y"1:2-11, {4}A2, {3}A2,
{4)C's 2:2-11, {3}C's 2:2-11, {4}Y'C'sC'r2:0-1, {3}Y'C'5C'r2:0-1, {4}Y'2:2-11, {3}Y'2:2-11, {4}A3, {3}A3,
{4)C'r2:2-11, {3}C'r2:2-11, {4}Y'3:0-1, {3}Y'3:0-1, {4}Y'3:2-11, {3}Y"3:2-11...

For ICtCp formats, G' is replaced with I, B’ with Ctand R’ with Cp.
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5.5 Ancillary Data

When present, ancillary data packets shall be mapped into the HANC or the VANC spaces of each data stream.
The HANC and VANC spaces of each sub image are defined in the reference standard for each sub image
format referenced in Table 7.

Unless otherwise stated, the ancillary data shall be preferentially mapped into data stream one first and any
remaining data shall then be mapped onto data stream three, then into data stream five, then into data stream
seven and so on up to data stream fifteen. Data space requirements and locations for each data service are
defined by their respective application documents. In some cases it is required by specific applications that
ancillary data be mapped into all sixteen data streams ( e.g. Payload ID.)

Informative Annex A provides information about the amount of HANC and VANC data space available in this
operating mode.

5.6 Audio Data

When present, audio data shall be mapped into the HANC space of data streams one through sixteen and shall
be in conformance with SMPTE ST 299-1 and SMPTE ST 299-2.

Audio control packets shall be mapped into the odd numbered data streams.
Audio data packets shall be mapped into the even numbered data streams.

Audio control and data packets shall be mapped into the data stream pair one/two first and any remaining data
shall then be mapped into data stream pair three/four; then into data stream pair five /six, and so on up to data
stream pair fifteen/sixteen.

The audio clock phase data as defined in the section “CLK (audio clock phase data)” of SMPTE ST 299-1 shall
be calculated at the clock frequency of 148.5 (/1.001) MHz.

Note: Some audio applications use non-PCM audio data. These might require the use of a marker as defined
in SMPTE ST 2051 (see Bibliography) to indicate which frame contains the SDI switching point for the non-
PCM data payload.

5.6.1 Number of Audio Channels

Up to 256 audio channels sampled at 32 kHz, 44.1 kHz or 48 kHz may be mapped into data streams one
through sixteen of the 160-bit virtual interface. At 96 kHz sampling, up to 128 audio channels may be mapped
into the virtual interface.

The maximum number of audio channels that can be mapped into the available ancillary data space of each
data stream pair varies in accordance with the video format and the video frame rate. Table 8 shows the overall
capacity of the 160-bit virtual interface.

Table 8 — Number of Audio Channels supported Source Image Format, Frame Rate and Audio
Sampling Rate

Maximum number of audio
Image Format Frame Rate channels at 32 kHz, 44.1 kHz
or 48 kHz sampling

Maximum number of audio
channels at 96 kHz sampling

50, 60/1.001 and 60

3840x2160 P . Up to 256 channels Up to 128 channels
rogressive
48 and 50 Progressive Up to 256 channels Up to 128 channels
4096x2160
60 Progressive Up to 128 channels Up to 64 channels
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5.6.1.1  Carriage of up to 256 Channels of Audio at up to 48 kHz Sampling

For audio at up to 48 kHz sampling embedded into 4096 x 2160 image formats at frame rates of 60, the audio
data and control packets for the first 16 channels shall be mapped into data stream pair one/two in conformance
with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the second 16 channels shall be mapped into data stream pair three/four
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

In the same way, successive sets of 16 channels shall be mapped into successive data stream pairs, up to...

The audio data and control packets for the eighth 16 channels shall be mapped into data stream pair seven/eight
in conformance with SMPTE ST 299-1 (audio groups 1 to 4)

For audio at up to 48 kHz sampling embedded into all other 2160-line image formats shown in Table 8, the
audio data and control packets for the first 16 channels shall be mapped into data stream pair one/two in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The extended audio data and control packets for the second 16 channels shall be mapped into data stream
pair one/two in conformance with SMPTE ST 299-2 (audio groups 5 to 8).

The audio data and control packets for the third 16 channels shall be mapped into data stream pair three/four
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The extended audio data and control packets for the fourth 16 channels shall be mapped into data stream pair
three/four in conformance with SMPTE ST 299-2 (audio groups 5 to 8).

In the same way, successive sets of 32 channels shall be mapped into successive data stream pairs, up to...

The audio data and control packets for the fifteenth 16 channels shall be mapped into data stream pair
fifteen/sixteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The extended audio data and control packets for the sixteenth 16 channels shall be mapped into data stream
pair fifteen/sixteen in conformance with SMPTE ST 299-2 (audio groups 5 to 8).

5.6.1.2 Carriage of up to 128 Channels of Audio at 96 kHz Sampling

For audio at 96 kHz sampling embedded into 4096 x 2160 image formats at frame rates of 60, the audio data
and control packets for the first 8 channels shall be mapped into data stream pair one/two in conformance with
SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the second 8 channels shall be mapped into data stream pair three/four
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the third 8 channels shall be mapped into data stream pair five/ six in
conformance with SMPTE ST 299-1 (audio groups 1 to 4)

In the same way, successive sets of 8 channels shall be mapped into successive data stream pairs, up to...

The audio data and control packets for the eighth 8 channels shall be mapped into data stream pair seven/eight
in conformance with SMPTE ST 299-1 (audio groups 1 to 4)

For audio at 96 kHz sampling, embedded into all other 2160-line image formats shown in Table 8, the audio
data and control packets for the first 8 channels shall be mapped into data stream pair one/two in conformance
with SMPTE ST 299-1 (audio groups 1 to 4).

The extended audio data and control packets for the second 8 channels shall be mapped into data stream pair
one/two in conformance with SMPTE ST 299-2 (audio groups 5 to 8).

The audio data and control packets for the third 8 channels shall be mapped into data stream pair three/four in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).
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The extended audio data and control packets for the fourth 8 channels shall be mapped into data stream pair
three/four in conformance with SMPTE ST 299-2 (audio groups 5 to 8).

In the same way, successive sets of 16 channels shall be mapped into successive data stream pairs, up to...

The audio data and control packets for the fifteenth 8 channels shall be mapped into data stream pair
fifteen/sixteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The extended audio data and control packets for the sixteenth 8 channels shall be mapped into data stream
pair fifteen/sixteen in conformance with SMPTE ST 299-2 (audio groups 5 to 8).

5.6.2 Audio Copy

As an alternative to the mapping of the maximum number of unique audio channels described above, blocks of
audio channels may be copied within the interface. This may be done in order for Link 2 to carry a copy of the
audio on Link 1, or to facilitate audio copy from 6G-SDI Link 1 to 6G-SDI Links 2, 3 and 4 if this dual 12G-SDI
signal is mapped onto quad-link 6G-SDI .

Note: Audio copy reduces the number of channels that can be transported by the interface.

If audio is copied:

Data streams one through four shall always carry original audio

Data streams five through eight may also carry original audio

Data streams nine through sixteen may carry copied audio from data streams one through eight respectively.

Data streams five through eight may carry copied audio from data streams one through four respectively. In this
case data streams nine through twelve, and data streams thirteen through sixteen shall also carry the same
copied audio.

The audio copy status of each data stream shall be signaled in that data stream’s PID as described in Section
4.6

5.7 Time Code Data

When present the time code shall be mapped into the HANC space of data stream one, and shall be in
conformance with SMPTE ST 12-2.

The time code may also be mapped onto data stream three, data stream five, data stream seven, and so on up
to data stream fifteen, in which case the corresponding Time Address values shall be identical.

5.8 Payload Identifier
A payload identifier packet shall be placed in each data stream.

Table 9 shows the payload identifier definitions for 2160-line Video Payloads. As stated in SMPTE ST 352, the
payload identifier consists of 4 bytes where each byte has a separate significance. The first byte of the payload
identifier has the highest significance and subsequent bytes define lower order video and ancillary payload
information.

The horizontal placement of the packet should be immediately following the last CRC code word (CR1) of the
line(s) specified in SMPTE ST 352 for 1125-line systems.

Note: The line numbers defined in SMPTE ST 352 for the placement of the payload identifier packet in 1125-
line systems avoid those lines used by SMPTE ST 299-1 and SMPTE ST 299-2 for the carriage of digital
audio control packets and extended audio control packets, respectively.
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Table 9 — Payload Identifier Definitions for 2160-line Video Payload for Mapping
on a Dual-link 12Gb/s (nominal) Serial Interface

Bits | Byte 1 Byte 2 Byte 3 Byte 4
Bit 7 1 Progressive transport (1) 16:9 (ﬁ?%?ﬁrﬁ(itloown ©)

Link assignment
Sub image horizontal 12G-SDI Link 1 (Oh)
Bit 6 1 Progressive picture (1) sampling )

1920 (0) or 2048 (1) 12G-SDI Link 2 (1h)

Bit 5 0 Transfer characteristics
s Colorimetry
DR-TV (0h) Rec 709* (Oh) Luminance and color difference signal
HLG (1h) Color VANC Packet (1h ;A ,
Bit 4 1 UHDTV*2 (2h (1h) Y C 8C" r(0)
PQ (2h) (2h)
Unknown (3h) ICtCr (1) (0)

Unspecified (3h)
Bit 3 0 Reserved (0)

Audio copy status:
Audio in this data stream carries

Bit 2 0 additional channels (0)
Picture rate Sampling structure Audio in this data stream is copied (1)
Bit 1 0 (See Table 4) (See Table 5) Bit depth
10-bit Full Range (Oh)
_ 10-bit (1h)
Bito | 1 12-bit (2h)
12-bit Full Range (3h)
Notes:
*1 Rec 709 indicates ITU-R recommendation BT.709 colorimetry and is equivalent to SMPTE ST

2036-1 Conventional System Colorimetry.

*2 UHDTYV indicates SMPTE ST 2036-1 UHDTYV colorimetry and is equivalent to ITU-R
recommendation BT.2020 colorimetry

3 The usage of bytes 2, 3 and 4 is consistent for all modes in this document but the definitions are
repeated for the convenience of the reader

5.8.1 Byte 1 - Digital Interface and Payload Identification

Byte 1 of the payload identifier identifies the video payload and the digital interface and shall be as defined
below.

Byte 1 shall be set to [D1h] for 2160-line image formats listed in Table 6 transported via dual-link 12G-SDI.

5.8.2 Byte 2 - Picture Rate and Scanning Method

Byte 2 of the payload identifier shall be used to identify the picture and transport scanning methods and the
picture rate.

Bit b7 shall be set to 1 (progressive transport).
Bit b6 shall be set to 1 (progressive picture).
Bits b5 and b4 shall be used to indicate Transfer Characteristic such that:
b5:b4 = Oh identifies SDR-TV in accordance with SMPTE ST 274 or SMPTE ST 2036-1
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b5:b4 = 1h identifies HLG HDR-TV in accordance with Recommendation ITU-R BT.2100
b5:b4 = 2h identifies PQ HDR-TV in accordance with Recommendation ITU-R BT.2100
b5:b4 = 3h identifies Unspecified Transfer Characteristics

In the case where bits b5:b4 of Byte 3 indicate “Color VANC packet as defined in SMPTE ST 2048-17,
if the Transfer Characteristic signaled in the Color VANC packet is active, then it takes precedence
over the Transfer Characteristic signaled in b5:b4.

Note: The Reference EOTF as defined in SMPTE ST 2084 is the same as the Reference PQ EOTF defined in
Recommendation ITU-R BT.2100.

Bits b3 to b0 shall be used to identify the picture rate in Hz in accordance with Table 2 of SMPTE ST 352 and
shall only use the values as permitted for image formats in Table 6.

5.8.3 Byte 3 — Sub Image Sampling Structure, Aspect Ratio, Horizontal Size and Colorimetry

Byte 3 of the payload identifier shall be used to identify the aspect ratio, horizontal pixel array size, and sampling
structure of the sub image video payload.

Bit 7 shall be used to identify the aspect ratio such that:
b7 = 0 identifies unknown aspect ratio
b7 = 1 identifies a 16:9 aspect ratio
Bit 6 shall be used to identify the number of active Luma/R'G'B’ samples for the sub image such that:
b6 = 0 identifies 1920 active Luma/R'G'B’' samples
b6 = 1 identifies 2048 active Luma/R'G'B’' samples
Bits b5 and b4 shall be used to identify the colorimetry for the image formats identified in Table 6 such that:

b5:b4 = Oh identifies Rec 709 colorimetry in accordance with Recommendation ITU-R BT.709 as
referenced by SMPTE ST 274

b5:b4 = 1h identifies that the colorimetry is defined in the Color VANC packet defined in SMPTE ST
2048-1

b5:b4 = 2h identifies UHDTV colorimetry in accordance with the Reference Primaries and reference
white as defined in SMPTE ST 2036-1. See Note 2 to Table 9.

b5:b4 = 3h identifies unknown colorimetry

Bits b3 to b0 shall be used to identify the sampling structure in accordance with Table 5 and shall only use the
values as permitted for image formats in Table 6.

5.8.4 Byte 4 - Link Assignment Identification, Audio Copy Status and Quantization Bit Depth

Byte 4 of the payload identifier shall be used to identify the link assignment, the audio copy status and the bit
depth of the sample quantization.

Bits b7 to b5 shall be used to identify Link assignment and set to:
b7:b5 = Oh identifies 12G-SDI Link 1
b7:b5 = 1h identifies 12G-SDI Link 2
Bit b4 shall be used to indicate the interpretation of the Luminance and color difference signal such that:

b4 = 0 indicates that the Y'C'sC'r sampling structure defined in Byte 3 bits b3:b0, shall be interpreted
as Y'C'sC'r
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b4 = 1 indicates that the Y'C'sC'r sampling structure defined in Byte 3 bits b3:b0, shall be interpreted
as ICCp
Note: In the case where Byte 3 bits b3:b0 indicate R'G'B’, bit b4 can be ignored.

See informative Annex B — Further Guidance on luminance and color difference signal Identification.

Bit b3 shall be reserved and set 0
For data streams one through four, bit b2 shall be set to 0 (reserved)

For data streams five through sixteen, bit b2 shall be used to identify whether audio data in this data stream is
copied:

b2 = 0 identifies that all audio if present in this data stream carries additional channels
b2 = 1 identifies that audio if present in this data stream is copied
Bits b1 to b0 shall be used to identify the bit depth of the sample quantization such that:

b1:b0 = Oh identifies quantization using Full Range 10-bit per sample as defined in Recommendation
ITU-R BT.2100.

The prohibited code values shall be protected in accordance with SMPTE RP 2077 “Mapping
to Interfaces and Formats that Rely upon Protected Code Values” with CViow = 4 and CVhicH
=1019

b1:b0 = 1h identifies quantization using 10 bits per sample
b1:b0 = 2h identifies quantization using 12 bits per sample

b1:b0 = 3h identifies quantization using Full Range 12-bit per sample as defined in Recommendation
ITU-R BT.2100

The prohibited code values shall be protected in accordance with SMPTE RP 2077 “Mapping
to Interfaces and Formats that Rely upon Protected Code Values” with CViow = 4 and CVhicH
=1019

5.9 Blanking (Informative)

As defined in the sub image source format documents SMPTE ST 274 and SMPTE ST 2048-2, HANC and
VANC spaces with no ancillary data packets or audio data packets contain data words that represent video
black level for the video structure being carried.

In the case of 4:4:4 R'G'B' or 4:4:4:4 R'G'B'+A 10-bit video structure, all words in each data stream take the
value 040h.

In the case of 4:4:4 R'G'B’ or 4:4:4:4 R'G'B'+A 10-bit Full Range video structure, all words in each data stream
take the value 004h.

In the case of 4:4:4(:4) Y'C'sC'r(+A) / ICTCp(+A) 10-bit video structure, all words in odd numbered data streams
take the value 040h and all words in even numbered data streams take the value 200h.

In the case of 4:4:4 Y'C'sC'r / ICTCp or 4:4:4:4 Y'C'sC'r+A / ICTCp+A 10-bit Full Range video structure, all
words in odd numbered data streams take the value 004h and all words in even numbered data streams take
the value 200h.

In the case of 4:4:4 R'G'B’ 12-bit video structure, all words in data streams one, two, four, five, six, eight, nine,
ten, twelve, thirteen, fourteen and sixteen take the value 040h. All words in data streams three, seven, eleven
and fifteen take the value 200h
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In the case of 4:4:4 R'G'B’ 12-bit Full Range video structure, all words in data streams one, two, four, five, six,
eight, nine, ten, twelve, thirteen, fourteen and sixteen take the value 004h. All words in data streams three,
seven, eleven and fifteen take the value 200h

In the case of 4:4:4 Y'C'sC'r / ICTCp 12-bit video structure, all words in data streams one, five, nine and thirteen
take the value 040h. All words in data streams two, three, four, six, seven, eight, ten, eleven, twelve, fourteen,
fifteen and sixteen take the value 200h.

In the case of 4:4:4 Y'C'sC'r / ICTCp 12-bit Full Range video structure, all words in data streams one, five, nine
and thirteen take the value 004h. All words in data streams two, three, four, six, seven, eight, ten, eleven,
twelve, fourteen, fifteen and sixteen take the value 200h.

In the case of 4:2:2 Y'C'sC'r / ICTCp 12-bit or 4:2:2:4 Y'C'8C'r+A / ICTCp+A 12-bit video structures, all words in
data streams one, four, five, eight, nine, twelve, thirteen and sixteen take the value 040h. All words in data
streams two, three, six, seven, ten, eleven, fourteen and fifteen take the value 200h.

In the case of 4:2:2 Y'C'sC'r / ICTCp 12-bit or 4:2:2:4 Y'C'sC'r+A / ICTCp+A 12-bit Full Range video structures,
all words in data streams one, four, five, eight, nine, twelve, thirteen and sixteen take the value 004h. All words
in data streams two, three, six, seven, ten, eleven, fourteen and fifteen take the value 200h.

510  Multiplex

The 160-bit virtual interface shall then be multiplexed onto two Type 1 12G-SDI 10-bit interfaces according to
Section 7.

5.1 Levels of Operation (Informative)

To define the level of support for SMPTE ST 2082-11 Mode 2, manufacturers are encouraged to indicate in
publications which mapping format is supported. For example:

SMPTE ST 2082-11 MODE 2 — 2160-line Source image formats and ancillary data into a Dual-link 12 Gb/s
[nominal] SDI bit-serial interface

Manufacturers are also encouraged to indicate in publications supported audio and video formats.

6 MODE 3: Carriage of 2160-line Y'C'sC'r or ICTCp 4:2:2 and 4:2:0 10-bit High Frame
Rate (HFR) Source image formats and ancillary data

For this mode, the Source Image Formats shall be as defined in Table 10.

Page 27 of 47



SMPTE ST 2082-11:2019

Table 10 — Supported Image sample structures and frame rates

Reference
Standard

Signal Format Sampling

Structure/pixel Depth Frame Rate

Image Format

120 frames progressive
4:2:2 (Y'C'sC'r)/10-bit
ST 2036-1 3840 x 2160 120/1.001 frames progressive
4:2:0 (Y'C'sC'r)/10-bit

100 frames progressive

4:2:2 (Y'C'sC'r)/10-bit 120 frames progressive
Rec. ITU-R 3840 x 2160 4:2:2 IC1Cp/10-bit 120/1.001 frames progressive
BT.2100 4:2:0 (Y'C'BC'R)/10-bit

4:2:0 (ICTCpy/10-bit 100 frames progressive

120 frames progressive

120/1.001 frames progressive

ST 2048-1 4096 x 2160 4:2:2 (Y'C'sC'r)/10-bit 100 frames progressive

96 frames progressive

96/1.001 frames progressive

Note: In accordance with Recommendation ITU-R BT.2100, ICtCe sampling is only
applied to High Dynamic Range (HDR) progressive image formats

Image data values shall be constrained to avoid SDI prohibited codes.

e The image data values shall be constrained to values 004h through 3FBh to avoid SDI prohibited
codes 000h through 003h and 3FCh through 3FFh after mapping

6.1 Mapping

Figure 6 illustrates the process for the carriage of 2160-line AFR source image formats in a Dual-link 12G-SDI
interface.
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2160-line source image ‘
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Data Stream one
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Figure 6 — Carriage of 2160-line image formats in a dual-link 12G-SDI interface

The 2160-line source images shall be divided into four 1080-line 4:2:2 or 4:2:0 sub images in accordance with
the 2 sample interleave sub-division method referenced in SMPTE ST 425-5 “2160-line image division into four

sub images”.

For a 4:2:0 source image, the C's and C'r samples in sub images 3 and 4 shall be set to the value 200h

6.2 Mapping of 1080-line Sub Images

Each 1080-line 4:2:2 sub image shall be mapped to a 40-bit virtual interface consisting of four data streams.
The structure of each data stream shall be as illustrated in Figure 8.
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Interface Sample Numbering

Interface
Line a bcdef k n o p
i < > - — >
Numbering — 4T—slOTrlOT> BT «— 4T 960T or 1024T-
T Eav | 5 ) | sav ) .
(F.VH 0 -g 8 Ancillary Data or Blanking (F,V,H Vertical blanking
—n11 |2 3| O Codewords e Lines 1 - 41
41 =0,1,1) = =0,1,0)
42
EAV SAV
(FVH | LN € | Ancillary Data or Blanking (FV.H 960x1080 or 1024x1080
=0,0,1) o Codewords =0,0,0) Pixel Array
1121
1122
EAV . . . .
O | Ancillary Data or Blanking Sy Vertical blanking
(FV,H | LN | (F,V,H -
=0,1,1) O Codewords =0,1.0) Lines 1122 - 1125
1125 o i
Sub Image Format a b c d e f g BT k n o p
1920 x 1080/ 120 960 963 964 965 966 967 968 128 1096 1099 0 959
1920 x 1080/ 120/1.001 960 963 964 965 966 967 968 128 1096 1099 0 959
1920 x 1080/ 100 960 963 964 965 966 967 968 348 1316 1319 0 959
2048 x 1080/ 120 1024 1027 1028 1029 1030 1031 1032 64 1096 1099 0 1023
2048 x 1080/ 120/1.001 1024 1027 1028 1029 1030 1031 1032 64 1096 1099 0 1023
2048 x 1080/ 100 1024 1027 1028 1029 1030 1031 1032 284 1316 1319 0 1023
2048 x 1080/ 96 1024 1027 1028 1029 1030 1031 1032 339 1371 1374 0 1023
2048 x 1080/ 96/1.001 1024 1027 1028 1029 1030 1031 1032 339 1371 1374 0 1023

Figure 7 — Structure of each Data Stream for 120 Hz, 120/1.001 Hz, 100 Hz, 96 Hz or 96/1.001 Hz frame

rates

Sub image 1 shall be mapped on to data streams one through four.

Data stream one shall carry the odd Y' samples Y1, Y'3, Y'5, Y'7 ...

Data stream two shall carry the C'r samples C'rO, C'r1, C'rR2...

Data stream three shall carry the even Y' samples Y'0, Y'2, Y'4,Y'6 ...

Data stream four shall carry the C's samples C's0, C's1, C's2...
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Sub image 2 shall be mapped similarly on to data streams five through eight. Sub image 3 shall be mapped
similarly on to data streams nine through twelve. Sub image 4 shall be mapped similarly on to data streams
thirteen through sixteen.

The sixteen data streams, data stream one through data stream sixteen, shall be combined into a 160-bit virtual
interface having an interface frequency of 148.5 MHz or 148.5/1.001 MHz.

For 4:2:2 (ICtCp)/ 10-bit images and 4:2:0 (ICtCp)/10-bit images, the image shall be mapped as above such
that:

The Y' samples are replaced with | samples,
the C's samples are replaced with Ct samples
and the C'r samples are replaced with Cp samples.

6.2.1 12G-SDI Link Multiplex Structure (Informative)

Following multiplexing onto a dual-link 12G-SDI 10-bit interface according to Section 7 the 12G-SDI data
streams are conveyed in the following order:

{n} indicates the number of the sub image
12G-8SDI Link 1:

{21C'80, {1}C'80, {2)C'RO, {1}C'RO, {2}Y'0, {1}Y'0, {2}Y"1, {1}Y"1, {2)C's1, {1}C's1, {2}C'r1, {1}C'r1,
21Y'2, {13Y'2, {2}Y'3, {1}Y"3, {2)C's2, {1}C's2, {2}C'r2, {1}C'r2, {2}Y'4, {1}Y'4, {2}Y'5, {1}Y'5, {2}C's3,
{11C's3, {2)C'r3, {1}C'r3, {2}Y'6, {1}Y'6, {2}Y'7, {1}Y'7, ...

12G-SDI Link 2:

{4}C's0, {3)C's0, {4)C'RO, {3}C'rO, {4}Y'0, {3}Y'0, {4}Y"1, {3}Y'1, {4}C's1, {3}C's1, {4}C'r1, {3}C'r1,
{412, {31Y2, {41Y'3, {3}Y'3, {4)C's2, {3)C's2, {4}C'r2, {3]C'R2, {4}Y'4, {3}Y'4, {4}Y'5, {3}Y'5, {4}C's3,
{3)C's3, {4)C'r3, {3}C'r3, {4)Y'6, {3}Y'6, {4}Y'7, {3}Y'7, ....
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Figure 8 shows the mapping structure for mapping sub image 1 onto data streams one through four. Sub image
2 is similarly mapped onto data streams five through eight. Sub image 3 is similarly mapped onto data streams
nine through twelve. Sub image 2 is similarly mapped onto data streams thirteen through sixteen.

n= 2199 (120, 120/1.001 fps) m= 1099 (120, 120/1.001 fps)
2639 (100 fps; 1319 (100 fps;
p:
2749 (96, 96/1.001 fps) 1374 (96, 96/1.001 fps)
_____ S N =
=
Y’ Data ?2?-’8/({mﬁ§tﬁm<’: S G@aagé
} T [ 1 o N[ |N |0
(Interface clock frequency = (2|2 |22 |2 (2|2 (2|22 elele|le|ele| g g
NN NN /s s s ). S N\e > > 1> |> > >
297MHz or 297/1.001 MHz) |>- [>- S>> S>>
)
C's Data 28|z |8 |8 Ll Elegleo| ~ |«
(Interface clock frequency = 148.5 CZ O; 0; 0; o; = = = (;; s S S‘ LL;
- o m [::] —
MHz or 148.5/1.001 MHz) blololol o S1S|S 7
C'r Data IR [ |88 W (; Tt |E o | = | «
(Interface clock frequency = 148.5 O; c; 0; = = |.=/3 (_EJC Ln; Ln)c
- ~ o o
MHz or 148.5/1.001 MHz) o o | o K| £ %
sl ) Elglslg
Data Stream 1 of Virtual Interface | 2 it 8 8 b - Q = Optional o ] S < o
(Interface clock frequency = 2 [ =) S5 S % z E): g ancillary data < S S x ; : 2
1485 MHzor 148.51.001MH2) | 5 | 2 | 2 > z o | © space >z |3 z
i w [ w %] (%) (%) 2
A o | E| 5|58 ootonasl | £ | B | 5| ©
Data Stream 2 of Virtual Interface | 15 ™ 1S3 1<) ; o - o — ptiona o =1 =1 % o — ~
(Interface clock frequency = < [ e IS < Z z &) 8 ancillary data < e =) < @ .x T
148.5 MHz or 148.5/1.001 MHz) | ¢, z z z z o o space z z z Z o S o
w [ [ w %) %] (%) 2
NHEEHE wa |E|E|E|E
Data Stream 3 of Virtual Interface | — o S S > o - [=} - Optional I S S z = ~ <
= o o 1 ()
(Interface clock frequency = 2 < 12 S5 S b4 z 8 8 ancillary data ® S S X N > N
148.5 MHz or 148.5/1.001 MHz) | 3 > z z 2 - - o o space > Z z Z
w w w w %) %) %) 2]
= = = < . = = = <
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Figure 8 — Mapping Structure 4:2:2 (Y'C'sC'r)/10-Bit Signals at 96, 96/1.001, 100, 120 and 120/1.001
Progressive Frames/Sec — Sub image 1

6.3 Timing and Reference Signals

EAV (End of Active Video) and SAV (Start of Active Video) timing references shall be inserted into each data
stream of the 160-bit virtual interface on a line-by-line basis as illustrated in Figure 8.

The EAV and SAV sequence, F (field/ frame), V (vertical), H (horizontal) and parity bits P3 through P1 shall be
as defined in Table 11 and Table 12.
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Table 11 — Bit assignment for timing reference codes

Bit number

Word Value b9 b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl b0
(MSB) (LSB)
1 FFFh 1 1 1 1 1 1 1 1 1 1

2 000h 0 0 0 0 0 0 0 0 0 0
3 000h 0 0 0 0 0 0 0 0 0 0
4 XYZ 1 F A% H P; P> Py Py 0 0

Table 12 - Protection Parity bits for timing reference codes

Bit number b8 b7 b6 b5 b4 b3 b2
Function F v H Ps P2 P+ Po
Bit pattern 0 0 0 0 0 0 0 0
Bit pattern 1 0 0 1 1 1 0 1
Bit pattern 2 0 1 0 1 0 1 1
Bit pattern 3 0 1 1 0 1 1 0

6.4 Line Numbers

Line numbers shall be inserted into each data stream of the 160-bit virtual interface starting at the first data
word (of the virtual interface) following the EAV XYZ word, as illustrated in Figure 8.

Line number data are composed of two words, LNO and LN1, and shall be as shown in Table 13.
Table 13 — Line Number Data

B9 (msb) B8 B7 B6 B5 B4 B3 B2 B1 BO (Isb)

LNO B8 L6 L5 L4 L3 L2 L1 LO | Res Res

LN1 B8

Notes:
1L10 : LO = line number in binary code.
2 Res = reserved, set to “0”

ol

Res | Res | Res | L10 L9 L8 L7 Res Res

6.5 Line CRC Codes

CRC (Cyclic Redundancy Check) codes shall be inserted into each data stream of the 160-bit virtual interface
starting at the first data word (of the virtual interface) following the final word of the line number — LN1, as
illustrated in Figure 9.
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The CRC code words are used to detect errors in the active digital line, the EAV timing reference signal and
line number words that follow it. The error detection code consists of two words determined by the polynomial
generator equation: CRC(X) = X8+ X5+ X4 + 1

The initial value of the CRC shall be zero. The calculation shall start at the first active line word of the
interface and shall end at the final word of the line number — LN1.

Independent CRC codes shall be produced for each data stream of the 160-bit virtual interface.
The two words of the CRC code shall be as shown in Table 14.
Table 14 — CRC Data

B9(msb) B8 B7 B6 B5 B4 B3 B2 B1 BO(Isb)
CRO B8 CRC8 | CRC7 | CRC6 | CRC5 | CRC4 | CRC3 | CRC2 | CRC1 CRCO
CR1 B8 CRC17 | CRC16 | CRC15 | CRC14 | CRC13 | CRC12 | CRC11 | CRC10 CRC9

6.6 HANC and VANC Space of Data Streams

When present, ancillary data packets shall be mapped into the HANC or the VANC spaces of each data stream
and shall be in accordance with SMPTE ST 291-1.

The HANC and VANC spaces of each data stream are defined in Figure 7 of Section 6.2.

Unless otherwise stated, the ancillary data shall be preferentially mapped into data stream one first and any
remaining data shall then be mapped onto data stream three, then into data stream five, data stream seven
and so on up to data stream fifteen. Data space requirements and locations for each data service are defined
by their respective application documents. In some cases it is required by specific applications that ancillary
data be mapped into all sixteen data streams (e.g. Payload ID.)

Informative Annex A provides information about the amount of HANC and VANC data space available in this
operating mode.

6.7 Audio Data

When present, audio data shall be mapped into the HANC space of data streams one through sixteen and shall
be in conformance with SMPTE ST 299-1.

Audio control packets shall be mapped into the odd numbered data streams.
Audio data packets shall be mapped into the even numbered data streams.

Audio control and data packets shall be mapped into the data stream pair one/two first and any remaining data
shall then be mapped onto data stream pair three/four; then into data stream pair five /six, and so on up to data
stream pair fifteen/sixteen.

The audio clock phase data as defined in the section “CLK (audio clock phase data)” of SMPTE ST 299-1 shall
be calculated at the data stream clock frequency of 148.5 MHz.

Note: Some audio applications use non-PCM audio data. These might require the use of a marker as defined
in SMPTE ST 2051 to indicate which frame contains the SDI switching point for the non-PCM data payload.

6.7.1 Number of Audio Channels

Informative Note:
1080p images at 96, 100 and 120 fps have horizontal line rates of 108 kHz, 112.5 kHz and 135 kHz respectively.
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As SMPTE ST299-1 states that an audio sample should be placed in the next available line, and calculates the
phase word from the line, it is only possible to embed audio samples in one line every 20.833 us on average
(i.e. at 48 kHz). This means that the majority of the lines are not available for audio embedding, and the number
of audio channels that can be transported is significantly less than appears from a simple calculation of the total
HANC space.

Informative Note ends

Up to 128 audio channels sampled at 32 kHz, 44.1 kHz or 48 kHz may be mapped into data streams one
through sixteen of the 160-bit virtual interface. At 96 kHz sampling, up to 64 audio channels may be mapped
into the virtual interface.

The maximum number of audio channels that can be mapped into the available ancillary data space of each
data stream pair varies in accordance with the video format and the video frame rate. Table 15 shows the
overall capacity of the 160-bit virtual interface.

Table 15 — Number of Audio Channels supported Source Image Format, Frame Rate and Audio
Sampling Rate

Source Image Maximum number of audio Maximum number of audio
Frame Rate channels at 32 kHz, 44.1 kHz )
Format . channels at 96 kHz sampling
or 48 kHz sampling
3840x2160 100 and 120 Up to 128 channels Up to 64 channels
Progressive
96 and 100 Progressive Up to 128 channels Up to 64 channels
4096x2160
120 Progressive Up to 64 channels Up to32 channels

6.7.1.1  Carriage of up to 128 Channels of Audio at up to 48 kHz Sampling

For audio at up to 48 kHz sampling embedded into 4096 x 2160 image formats at frame rates of 120, the audio
data and control packets for the first 8 channels shall be mapped into data stream pair one and two in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the second 8 channels shall be mapped into data stream pair three and
four in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the third 8 channels shall be mapped into data stream pair five and six
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the fourth 8 channels shall be mapped into data stream pair seven and
eight in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the fifth 8 channels shall be mapped into data stream pair nine and ten
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the sixth 8 channels shall be mapped into data stream pair eleven and
twelve in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the seventh 8 channels shall be mapped into data stream pair thirteen
and fourteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the eighth 8 channels shall be mapped into data stream pair fifteen and
sixteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

For audio at up to 48 kHz sampling, embedded into all other 2160-line image formats shown in Table 15, the
audio data and control packets for the first 16 channels shall be mapped into data stream pair one and two in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).
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The audio data and control packets for the second 16 channels shall be mapped into data stream pair three
and four in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the third 16 channels shall be mapped into data stream pair five and six
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the fourth 16 channels shall be mapped into data stream pair seven and
eight in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the fifth 16 channels shall be mapped into data stream pair nine and ten
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the sixth 16 channels shall be mapped into data stream pair eleven and
twelve in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the seventh 16 channels shall be mapped into data stream pair thirteen
and fourteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the eighth 16 channels shall be mapped into data stream pair fifteen
and sixteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

6.7.1.2  Carriage of up to 64 Channels of Audio at 96 kHz Sampling

For audio at 96 kHz sampling embedded into 4096 x 2160 image formats at frame rates of 120, the audio data
and control packets for the first 4 channels shall be mapped into data stream pair one and two in conformance
with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the second 4 channels shall be mapped into data stream pair three and
four in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the third 4 channels shall be mapped into data stream pair five and six
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the fourth 4 channels shall be mapped into data stream pair seven and
eight in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the fifth 4 channels shall be mapped into data stream pair nine and ten
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the sixth 4 channels shall be mapped into data stream pair eleven and
twelve in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the seventh 4 channels shall be mapped into data stream pair thirteen
and fourteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the eighth 4 channels shall be mapped into data stream pair fifteen and
sixteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

For audio at 96 kHz sampling, embedded into all other 2160-line image formats shown in Table 15, the audio
data and control packets for the first 8 channels shall be mapped into data stream pair one and two in
conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets and audio data and control packets for the second 8 channels shall be
mapped into data stream pair three and four in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the third 8 channels shall be mapped into data stream pair five and six
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the fourth 8 channels shall be mapped into data stream pair seven and
eight in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the fifth 8 channels shall be mapped into data stream pair nine and ten
in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the sixth 8 channels shall be mapped into data stream pair eleven and
twelve in conformance with SMPTE ST 299-1 (audio groups 1 to 4).
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The audio data and control packets for the seventh 8 channels shall be mapped into data stream pair thirteen
and fourteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

The audio data and control packets for the eighth 8 channels shall be mapped into data stream pair fifteen and
sixteen in conformance with SMPTE ST 299-1 (audio groups 1 to 4).

6.7.2 Audio Copy

As an alternative to the mapping of the maximum number of unique audio channels described above, blocks of
audio channels may be copied within the interface. This may be done in order for Link 2 to carry a copy of the
audio on Link 1, or to facilitate audio copy from 6G-SDI Link 1 to 6G-SDI Links 2, 3 and 4 if this dual 12G-SDI
signal is mapped onto quad-link 6G-SDI .

Note: Audio copy reduces the number of channels that can be transported by the interface.

If audio is copied:

Data streams one through four shall always carry original audio

Data streams five through eight may also carry original audio

Data streams nine through sixteen may carry copied audio from data streams one through eight respectively.

Data streams five through eight may carry copied audio from data streams one through four respectively. In this
case data streams nine through twelve, and data streams thirteen through sixteen shall also carry the same
copied audio.

The audio copy status of each data stream shall be signaled in that data stream’s PID as described in Section6.9
of this document.

6.8 Time Code Data
When present the data format of ATC packets shall be in conformance with SMPTE ST 12-3.

When present the packet or packets shall be mapped into the HANC or VANC space of data stream one. The
preferred location should be as indicated in Table 16.

Table 16 — Preferred locations for time code insertion into data streams

Payload Type Location

ATC_HFRTC HANC, Line 11
ATC_HFRTC * HANC, Line 12
ATC_HFRTC * HANC, Line 13
ATC_HFRTC * HANC, Line 14

Note: * Transmissions of multiple ancillary time code packets with different instance identifications (bitstream
numbers) per video frame are permissible under the provisions of SMPTE ST 12-3. The default bitstream
number is zero. Lines 12, 13 and 14 are for use when necessary based on the number of bitstreams

The ATC_HFRTC packet with bitstream number zero shall be preferentially mapped onto line 11 first and any
remaining bitstreams shall then be mapped onto the same line. If there is insufficient space remaining on the
same line, remaining bitstreams shall be mapped onto line 12, then onto line 13, then onto line 14.

The time code may also be mapped into data stream three, data stream five, data stream seven, and any or all
odd-numbered data streams up to data stream fifteen, in which case the corresponding Time Address values
shall be identical.
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6.9 Payload ldentifier
A payload identifier packet shall be placed in each data stream.

Table 17 shows the payload identifier definitions for 2160-line HFR Video Payloads. As stated in SMPTE ST
352, the payload identifier consists of 4 bytes where each byte has a separate significance. The first byte of the
payload identifier has the highest significance and subsequent bytes define lower order video and ancillary

payload information.

The horizontal placement of the packet should be immediately following the last CRC code word (CR1) of the
line(s) specified in SMPTE ST 352 for 1125-line systems.

Note: The line numbers defined in SMPTE ST 352 for the placement of the payload identifier packet in 1125-
line systems avoid those lines used by SMPTE ST 299-1 and SMPTE ST 299-2 for the carriage of digital audio
control packets and extended audio control packets, respectively.

Table 17 — Payload Identifier Definitions for Mode 3 2160-line Video Payload for Mapping on a Dual-
link 12Gb/s (nominal) Serial Interface

Bits | Byte 1 Byte 2 Byte 3 Byte 4
. . Aspect Ratio
Bit 7 1 Progressive transport (1) 16:9 (1) or Unknown (0)
- . Link assignment
Sub image horizontal ;
Bit 6 1 Progressive picture (1) sampling 12G-SDI L!nk 1(Oh)
1920 (0) or 2048 (1) 12G-SDI Link 2 (1h)
Bit 5 0 Transfer characteristics Colorimetry
SDR-TV (Oh) Rec 709*" (Oh) Luminance and color difference signal
. HLG (1h) Color VANC Packet (1h) i~
Bit4 11 PQ (2h) UHDTV*2 (2h) Y'CsCR (0)
Unspecified (3h) Unknown (3h) ICtCr (1)
Bit 3 0 Reserved (0)
Audio copy status:
Bit 2 0 Audio in this data stream carries
Pi s i additional channels (0)
icture rate ampling structure Audio in this data stream is copied (1)
- (See Table 4) (See Table 5) -
Bit 1 0 Bit depth
10-bit Full Range (0h)
Bit 0 1 10-bit (1h)
Other values shall be reserved
Note:
*1 Rec 709 indicates ITU-R recommendation BT.709 colorimetry and is equivalent to SMPTE ST 2036-
1 Conventional System Colorimetry.
*2 UHDTYV indicates Recommendation ITU-R BT.2020 colorimetry as referenced by Recommendation
ITU-R BT.2100
3 The usage of bytes 2, 3 and 4 is consistent for all modes in this document but the definitions are
repeated for the convenience of the reader

6.9.1 Byte 1 - Digital Interface and Payload Identification

Byte 1 of the payload identifier identifies the video payload and the digital interface and shall be as defined
below.

Byte 1 shall be set to [D1h] for 2160-line image formats listed in Table 10 transported via dual-link 12G-SDI.
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6.9.2 Byte 2 - Picture Rate and Scanning Method

Byte 2 of the payload identifier shall be used to identify the picture and transport scanning methods and the
picture rate.

Bit b7 shall be set to 1 (progressive transport).

Bit b6 shall be set to 1 (progressive picture).

Bits b5 and b4 shall be used to indicate Transfer Characteristic such that:
b5:bit 4 = Oh identifies SDR-TV in accordance with SMPTE ST 274 or SMPTE ST 2036-1
b5:bit 4 = 1h identifies HLG HDR-TV in accordance with Recommendation ITU-R BT.2100
b5:bit 4 = 2h identifies PQ HDR-TV in accordance with Recommendation ITU-R BT.2100
b5:b4 = 3h identifies Unspecified Transfer Characteristics

In the case where bits b5:b4 of Byte 3 indicate “Color VANC packet as defined in SMPTE ST 2048-17,
if the Transfer Characteristic signaled in the Color VANC packet is active, then it takes precedence
over the Transfer Characteristic signaled in b5:b4.

Note: The Reference EOTF as defined in SMPTE ST 2084 is the same as the Reference PQ EOTF defined in
Recommendation ITU-R BT.2100.

Bits b3 to b0 shall be used to identify the picture rate in Hz according to Table 4 and shall only use the values
as permitted for image formats in Table 10.

6.9.3 Byte 3 — Sampling Structure, Aspect Ratio, Horizontal Size and Colorimetry

Byte 3 of the payload identifier shall be used to identify the aspect ratio, horizontal pixel array size, and sampling
structure of the video payload.

Bit b7 shall be used to identify the aspect ratio such that:
b7 = 0 identifies unknown aspect ratio
b7 = 1 identifies a 16:9 aspect ratio
Bit b6 shall be used to identify the number of active Luma samples for the sub image such that:
b6 = 0 identifies 1920 active Luma samples
b6 = 1 identifies 2048 active Luma samples
Bits b5 and b4 shall be used to identify the colorimetry for the image formats identified in Table 10 such that:

b5:b4 = Oh identifies Rec 709 colorimetry in accordance with Recommendation ITU-R BT.709 as
referenced by SMPTE ST 274

b5:b4 = 1h identifies that the colorimetry is defined in the Color VANC packet as defined in SMPTE
ST 2048-1

b5:b4 = 2h identifies UHDTV colorimetry in accordance with Recommendation ITU-R BT.2020
reference primaries and reference white as referenced in Recommendation ITU-R BT.2100

b5:b4 = 3h identifies unknown colorimetry

Bits b3 to b0 shall be used to identify the sampling structure in accordance with Table 5 and shall only use the
values as permitted for image formats in Table 10.

Page 39 of 47



SMPTE ST 2082-11:2019

6.9.4 Byte 4 — Link Identification, Audio Copy Status and Quantization Bit Depth

Byte 4 of the payload identifier shall be used to identify the link assignment, the audio copy status and the bit
depth of the sample quantization.

Bits b7 to b5 shall be used to identify Link assignment and set to:
b7:b5 = Oh for 12G-SDI Link 1
b7:b5 = 1h for 12G-SDI Link 2
other values are reserved

Bit b4 shall be used to indicate the interpretation of the Luminance and color difference signal such that:
b4 = 0 indicates that the Y'C'sC'r sampling structure defined in Byte 3 bits b3:b0, is interpreted as
Y'C'sC'r
b4 = 1 indicates that the Y'C'sC'r sampling structure defined in Byte 3 bits b3:b0, is interpreted as
ICtCp in accordance with Recommendation ITU-R BT.2100.

Note: Non Constant Luminance (NCL) Y'C'sC'r sampling as referenced by Recommendation ITU-R BT.2100
is equivalent to Y'C'sC'r sampling in this document.

Bit b3 shall be set to Oh (reserved).
For data streams one through four, bit b2 shall be set to 0 (reserved)

For data streams five through sixteen, bit b2 shall be used to identify whether audio data in this data stream is
copied:

b2 = 0 identifies that all audio if present in this data stream carries additional channels
b2 = 1 identifies that audio if present in this data stream is copied
Bits b1 to b0 shall be used to identify the bit depth of the sample quantization such that:

b1:b0 = Oh identifies quantization using Full Range 10-bit per sample as defined in Recommendation
ITU-R BT.2100.

The prohibited code values shall be protected in accordance with SMPTE RP 2077 “Mapping
to Interfaces and Formats that Rely upon Protected Code Values” with CViow = 4 and CVhicH
=1019.

b1:b0 = 1h identifies quantization using 10 bits per sample

Other values shall be reserved.

6.10 Blanking

HANC and VANC spaces with no ancillary data packets or audio data packets shall contain data words that
represent video black level for the video structure being carried.

6.10.1 Blanking Values (Informative)

In the case of 4:2:2 or 4:2:0 Y'C'sC'r / ICTCp 10-bit video structure, all words in all odd numbered data streams
take the value 040h. All words in all even numbered data streams take the value 200h.

In the case of 4:2:2 or 4:2:0 Y'C'sC'r / ICTCp10-bit Full Range video structures, all words in all odd humbered
data streams take the value 004h. All words in all even numbered data streams take the value 200h.
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6.11 Multiplex

The 160-bit virtual interface shall then be multiplexed onto two Type 1 12G-SDI 10-bit interfaces according to
Section 7.

6.12 Levels of Operation (Informative)

To define the level of support for SMPTE ST 2082-11 Mode 3, manufacturers are encouraged to indicate in
publications which mapping format is supported. For example:

SMPTE ST 2082-11 MODE 3 - 2160-line AFR Source image formats and ancillary data into a Dual-link12 Gb/s
[nominal] SDI bit-serial interface

Manufacturers are also encouraged to indicate in publications supported audio and video formats.

7 Dual-link 12G-SDI 10-bit Multiplex

Prior to serialization data streams one through sixteen of the 160-bit virtual interface shall be multiplexed word-
by-word into two 12G-SDI 10-bit interfaces.

The first 10-bit interface shall consist of a word multiplex of data streams one through eight, in the order data
stream eight, data stream four, data stream six, data stream two, data stream seven, data stream three, data
stream five, data stream one... The second 10-bit interface shall consist of a word multiplex of data streams
nine through sixteen, in the order data stream sixteen, data stream twelve, data stream fourteen, data stream
ten, data stream fifteen, data stream eleven, data stream thirteen, data stream nine...

Each of the two 10-bit parallel interfaces so produced will have an interface frequency of 1188 MHz or
1188/1.001MHz as shown in the illustrative examples of Figure 9 and Figure 10

The first 10-bit interface can then be serialized according to SMPTE ST 2082-1 to create 12G-SDI Link 1.
The second 10-bit interface can then be serialized according to SMPTE ST 2082-1 to create 12G-SDI Link 2.
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Figure 9 — Dual-link 12G-SDI 2 x 10-bit Multiplex — Type 1 for Mode 2 and Mode 3

Page 42 of 47



2019

SMPTEST 2082-11

N
8 I
=
e =
=
212
Elg
2|0
218
ol
=2
= |5
Oo'o
2
2|
3=
)
g
g g 2 2 g g 2 g ] ¢ 2 g g 2 ] 2 Sz
3 = = 3 = 3 3 3 3 = = =1 3 3 3 3 -
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 CETISE
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1000 A3
a a a a a a a a a a a a a a a (0) 000 AV
(0) 000 AV
(0) 000 AV
(0) 000 AV
(0) 000 AV
(A) 000 AV3
(A) 000 AV
(R ZAXAVS| (A ZAXAVS| (A ZAXAVS| (AVZAXAVYS| [(A) ZAXAVS| (A ZAXAVS| () ZAXAVS| [(A)ZAXAVS| |(A) ZAXAVS| (A ZAXAVS| () ZAXAVS| [(A)ZAXAVS| ((A) ZAX AVS| () ZAXAVS| [(A) ZAX AVS| ((A) ZAX AVS| T (Wo000Ava |
(0) ZAX VS| [0) ZAX AVS| |(0) ZAX AVS| [O)ZAXAVS| [0) ZAX AYS| (D) ZAX AVS| [0) ZAXAVS| [0)ZAXAVS| |(0) ZAX AVS| [0) ZAXAVS| (D) ZAX AVS| [(Q) ZAXAVS| [0) ZAX AVS| [0) ZAX AvS| (D) ZAX AVS| [Q) ZAX AVS| M»"“M%
(A) 000 AVS| |(A)000 AVS| |(A)000AVS| [(A)000AVS| |(A)000AVS| |(A)000AVS| ((A)000AVS| |(A)000AVS| |(A)000AVS| |(A)000AVS| |(A)000AVS| |(A)OOOAVS| ((A)000AVS| |(A)000AVS| |(A)000AVS| ((A)000AVS| (A) 000 AV3
(A) 000 AV3
(0) 000 AVS| |(0) 000 AVS| |(D)000AVS| ((9)000AVS| |(0)000AVS| [(D)000AVS| [(0)000AVS| ((3)000AVS| |(0)000AVS| |(D)000AVS| ((0)000AVS| ((9)000AVS| |(D)000AVS| [(0)000AVS| ((0)000AVS| [(9)000AVS (A) 000 AV3
(A) 000 AVS| |(A) 000 AVS| |(A)000AVS| ((A)000AVS| |(A)000AVS| |(A)000AVS| [(A)000AVS| [(A)0O0OAVS| |(A)000AVS| |(A)000AVS| |(A)000AVS| [(A)0OOOAVS| |(A)000AVS| |(A)000AVS| ((A)000AVS| [(A)000AVS Mwwmm%
(0) 000 AVS| |(0) 000 AVS| |(0) 000 AVS| ((0)000AVS| (D) 000 AVS| [(0)000AVS| [(0)000AVS| ((0)000AVS| |(0)000AVS| |(0)000AVS| ((0)000AVS| ((9)000AVS| |(0)000AVS| [(0)000AVS| ((0)000AVS| [(D)000AYS (0) 000 AV
(0) 000 AV
(W) 44€ AvS| |(A) 48 AVS| ((A) d4EAVS| [(A)A4EAVS| |(A) JHEAVS| [(A) 48 AVS| |(A)d4EAVS| [(A)JHEAVS| ((A) 448 AVS| [(A) d4EAVS| (M) JHEAYS| [(A)J4EAVS| [(A) ddEAVS| |(A) dHEAYS| ((A) 48 AYS| [(A) € AVS| [ (0)000Ava |
(0) 44€ Avs| |(0) d4E AVS| ((0) 44E AVS| [(0) 4EAVS| |(O) 44E AVS| (D) 44EAVS| [(0) d4EAVS| (D) JHEAVS| ((0) d4EAVS| [(0) d4EAVS| [(0)J4EAVS| (D) J4EAVS| [(O) d4E AVS| [(0) 4EAVS| (D) 44EAVS| (D) 44E AVS| M%NN%
5 5 5 5 5 5 - . . . . . - - - . 8 [©ro00nva ]
a8 a8 a8 a8 a8 o8 o8 2% a8 a8 a8 a8 a8 o8 o8 2% = ) 000 Av3
€3 £d £a £d £ £a £a £a €4 £o to to o BQ EQ Eo 2 (A) 000 AV3
2F 25 25 25 2 25 25 Y 2F 25 2F 25 25 =5 =5 EHE £ (1) 000 AV3
% 2% 25 25 23 3z 3z 3z 3z 3z 3z 3z 3z 3z 32 $2 | 3 CWoonvs |
o< o< o< o< o< o< o< o< o< o< o< o< g g g G E (A) 000 AV3
22 28 22 22 22 22 22 22 22 22 22 22 22 22 22 22 >
22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 | % 12000 v
58 55 85 58 &5 &5 25 25 55 88 58 58 &8 &5 25 85 | 2 on
3
- (9) 000 AV
(A) LoHo (A) LoHo (W) 1odo () 1080 (W) 1ouo (W) 1080 (W) 1080 (W) 1080 () LoHo (A) LoHo () Lodo () 1080 (W) 1ouo (W) 1od0 () 1080 () 1080 (0) 000 AV
(2) 000 AV3
(0) 1o¥0 (0) 1o¥0 (0) 1o¥0 (0) Lowo (0) 1o¥0 (0) 1o¥0 (0) 1oW0 (0) Lowo (0) 1o¥d (0) 1o¥0 (0) 1o¥D () Lo (0) 1o¥0 (0) 1o¥0 (0) 1o¥0 (0) Lowo () 000Ava |
(Woowo | | Woowo | | (Woowd | | (WooHd | | (Woowo | | Woowo | | (W00wd | | (W00HD | | (Woowo | | Woowo | | (Woowd | | (WooHd | | (Woowo | | Woowo | | (Woowd | | (A)oodd ‘Mww NNN »«w
() 0080 () 008D () 0080 (0) 0080 (0) 0080 (0) 0080 (0) 0080 (0) 0080 () 0080 () 008D () 0080 (0) 0080 (0) 0080 (0) 0080 (0) 0080 (0) 0080 (0) 000 AV
(0) 000 AV
(A INT (A INT (A INT (A INT (A INT (A INT (A INT (A INT (A INT (A INT (A INT (A INT (A INT (A INT (A INT (A INT [ (NadeAva |
@) IN1 ©)IN1 @) IN1 (@) N1 ©)INT (@) N1 (@) N1 (@ IN1 ) IN1 ©)IN1 ©)INT (@) N1 ©)INT ©)INT (@) N1 (@) N1 M»W HM »«w
(W ZAXAVE (A ZAXAVE| (A ZAXAVE| () ZAXAVE (A ZAXAVE| (A ZAXAVE| (A ZAXAVE) (A ZAXAVE| |(A) ZAXAV3| (A ZAXAVE) (A ZAXAVE| [(A)ZAXAVE (A ZAXAVE) (M) ZAXAVE| |(A) ZAX AVE|  [(A) ZAX AVS| (W) 44e Ava
(W) 348 AV
(0)ZAXAVZ [0 ZAX AV3| () ZAXAVE [O)ZAXAVE [0) ZAXAV3| (D) ZAX AV [0)ZAXAVE [9)ZAXAVE| () ZAXAVE [0)ZAXAVE [0)ZAXAV3| (Q)ZAXAVE [0) ZAXAV3 [0) ZAX AV3| (D) ZAX AV3| [0) ZAX AV3| (A) 44 Av3
(A) 000 Av3| |(A)000AVE| |(A)000AV3| ((A)000AVE| ((A)000AVS| |(A)000AV3| |(A)000AVI| ((A)0O0OAVE| |(A)000AVS| |(A)000AV3| |(A)000AVI| |(A)000AVE| |(A)000AVE| |(A)000AVI| ((A)000AVE| |(A)000 AV ﬁ»v Hm »«w
(0)000AV3| |(0) 000 AVE| |(0)000AV3| ((0)000AVE| |(0) 000 AVE| [(0)000AV3| [(0)000AV3| ((0)000AVE| |(0)000 AVE| |(0)000AV3| ((0)000AV3| ((9)000AVE| |(0)000AV3| [(0)000AV3| ((0)000AV3| [(D)000AVE 0) 43¢ AV3
D) 44€ Av3
(A)000AV3| |(A)000 AV3| |(A)000AV3| ((A)00OAVE| |(A)000AVE| |(A)000AV3| [(A)000AV3| ((A)O00AVE| |(A)000AV3| |(A)000AV3| |(A)000AVI| |(A)000AVE| |(A)000AV3| |(A)000AV3| |(A)000AVE| |(A)000 AV 0) 448 AV3
(0) 000 AV3| |(D) 000 AV3| |()000AVE| ((9)000AVE| ((D) 000 AVI| [(D)000AVE| ((0)000AV3| [(9)000AVE( |(0)000AVE| ((0)000AV3| |(D)000AVE| [(D)000AVE| ((0)000AV3| |(D)000AVE| [(D)000AV3| ((9)000 AV wv “um »«w
El
(PNEELYAE (I NEECYNE] I ((VEELVNE I NER LA E | I NEECYNE] I (WEE VN E i SV EE LY E (I NEECY U E | I NEECYNE I VEE VN E I PVEE YN E I NEECYNE I VEE VN E I CVEELYNE (I UNEECYE I (VEELYNE] (0) 43¢ AV3
(0) 44 AV3
(0) 44 Ava| ((0) 4 AVE| [(0) 44E AVE| [(O)JEAVE| ((0) 4EAVE| ((0) 448 AVE| [(0) d4EAVE| ((Q)JHEAVE| ((0)J4EAVE| [(0) 448 AVE| ((0)ddEAVE| () JHEAVE ((0) 448 AVE| [(0) d4E AVE| ((0) HEAVE| (D) 44 AV3 0) 448 AV3
- c < 5 c %
25 252 BoE 55 2sf 5sE 5P Bsi £iF 55 2% 552 Es2 E.2 Bop Bs2
55 5 £5 &5 =] ® 5 25 25 €6 25 85 25 E5 5 £56 %6 -
ENE ENE ENE EpE EnE e mmm oNZ gnZ gEnZ onZ 2n2 EnE 3nE EnZ GaZ £
S S S S S 8Io S S S sIg S S S S ) ) =
§58 §38 §38 §=8 §=8 £28 §38 g§=8 §=8 8§58 E=8 £ES8 E=8 £38 §38 £38 ©
F0wT  FowT suT  guz  guzs 3us Lo sunT Bus oz funT Sunz owz  fuz LS onc €
gP¥P® gl Vol g6l ool gl Bxd Vg 2B gl B® BB Fold Lol Bod Fob g
80 g¥® 9¥Fw £¥xw E¥0 FY¥® g¥o® C¥w LY¥w FIO g¥o g¥w© I x ™ oY % I x j
8= S~ T3 o o 8% A TS T < -3 - -3 e-< o= < e - 2
0" o7F 87 oTF o™ 3 = 87T 87 878 67F 7% 8% g = g5 g% 5%
[a) a a a =] a m
)

Data stream four

Data stream six

Data stream two

12G-SDI 10-bit multiplex Link 1

Data stream seven

Data stream three

Data stream five

Data stream one

12Gb/s SDI 10-bit interface
1188 MHz or 1188/1.001MHz

(A) 000 AV3

(0) 000 AV
(0) 000 AV

(A) 000 AV3

(A) 000 AV

(A) 000 AV3

(A) 000 AV

(A) 000 AV3

(A) 000 AV

(0) 000 AV3
(0) 000 AV3
(2) 000 AV3

(0) 000 AV

(A) 000 AV3

(A) 000 AV
[©000AvE |
[©000Ava |
[ ©000Ava |

(0) 000 AV
(A) 000 AV

(A) 000 AV

(A) 000 AV3

(A) 000 AV3
(A) 000 AV

(A) 000 AV3

(A) 000 AV

(9) 000 AV

(0) 000 AV3

(0) 000 AV

(0) 000 AV3
(9) 000 AV
(0) 000 AV
(0) 000 AV

(0) 000 AV

(A) J€ Av3

(A) 44€ Av3

(A) J€ Av3

(W) 3¢ Av3

(A) J4€ Av3

[NEECINE]

(A) J4€ Av3

s

448 AV3

43¢ Av3

G|c|clelglelele

—

Data stream sixteen

Data stream twelve

Data stream fourteen

Data stream ten

12G-SDI 10-bit multiplex Link 2

Data stream fifteen

Data stream eleven

Data stream thirteen

Data stream nine

Figure 10 — Dual-link 12G UHD-SDI 2 x 10-bit Multiplex — Type 2 for Mode 1
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Figure 9 shows the Type 1 10-bit multiplex resulting from mapping modes in which each data stream has a
single instance of TRS words, Line Numbers, CRC Words, etc.

Figure 10 shows the Type 2 10-bit multiplex resulting from mapping modes in which each data stream has
two instances of TRS words, Line Numbers, CRC Words, etc. A type 2 multiplex is the result of SMPTE ST
292-1 mapping of each sub image. It is generated for 4:2:2 10-bit formats with frame rates of 30fps or less.

8 12G-SDI Link 1/12G-SDI Link 2 Interface Timing

The timing difference between the EAV / SAV of 12G-SDI Link 1 and 12G-SDI Link 2 shall not exceed 250 ns
at the serial output of source equipment. This difference should be taken into consideration when designing
systems and destination equipment input stages.
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Annex A Ancillary Data Capacity of the Dual-link 12G-SDI Interface (Informative)

The ancillary data space available in serial digital interface transports is approximately equivalent to horizontal
interval space and vertical interval space for the video format being transported. In the case of images
transported on the interface specified in this standard, it is dependent on the horizontal interval space and
vertical interval space for each of the data streams being carried on the interface, multiplied by the number of
data streams.

SMPTE RP 291-2 provides information on the size of the ancillary data space in a SMPTE ST 425-1 and
SMPTE ST 292-1 interface.

For Mode 1 4320-line source image formats specified in this standard, the available HANC and VANC data
space on the interface is 16 times the HANC and VANC data space available (as shown in the tables of SMPTE
RP 291-2) on a SMPTE ST 292 interface carrying the corresponding sub-image.

For Mode 2 2160-line source image formats specified in this standard, the available HANC and VANC data
space on the interface is 8 times the HANC and VANC data space available (as shown in the tables of SMPTE
RP 291-2) on a SMPTE ST 425-1 interface carrying the corresponding sub-image.

For Mode 3 2160-line source image formats specified in this standard, the available HANC and VANC data
space on each of the sixteen data streams of the interface is defined in Section6.6 of this document.

SMPTE RP 291-2 also provides a method of calculating the available ancillary data space on any interface.
These calculations provide the reader with the underlying formulas used to calculate the numbers in the tables,
as well as providing a mechanism to calculate the space for interfaces not covered explicitly by SMPTE RP
291-2.
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Annex B Further Guidance on Luminance and Color Difference Signal Identification

(Informative)

The following table provides additional information for the logical association and meaning of “transfer

” o«

characteristics”, “sampling structure” and “luminance and color difference signal” Identification as signaled in
the Payload Identifier for UHDTV1 and UHDTV2 image structures applicable to this interface.

Table B1 — Transfer Characteristics, Sampling Structure and Luminance and Color Difference Signal “truth

table”

Transfer
Characteristics

Sampling Structure

Luminance and color
difference (L&CD)
identifier

Meaning of L&CD Identifier

SDR-TV

Y'CBC'r

0

Indicates Y'C's8C'r in accordance
with SMPTE ST 2036-1

Y'CBC'r

Indicates Constant luminance
Y'C'sC'rin accordance with
Recommendation ITU-R BT.2020

This is not permitted in this
document but it is permitted in
Recommendation ITU-R BT.2077

HLG or PQ

Y'C'8C'r

Indicates Non-constant luminance
Y'C'sC'r in accordance with
Recommendation ITU-R BT.2100

ICtCp

Indicates ICtCp in accordance with
Recommendation ITU-R BT.2100.

SDR-TV
HLG or PQ

GBR’

Not valid

L&CD can be ignored
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