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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 ISO, IEC and ITU.

SMPTE Engineering Documents are drafted in accordance with the rules given in its Standards Operations
Manual. This SMPTE Engineering Document was prepared by Technology Committee 10E Essence.

This revision updates references.

Intellectual Property

SMPTE draws attention to the fact that it is claimed that compliance with this Standard may involve the use
of one or more patents or other intellectual property rights (collectively, "IPR"). The Society takes no position
concerning the evidence, validity, or scope of this IPR.

Each holder of claimed IPR has assured the Society that it is willing to License all IPR it owns, and any
third party IPR it has the right to sublicense, that is essential to the implementation of this Standard to those
(Members and non-Members alike) desiring to implement this Standard under reasonable terms and
conditions, demonstrably free of discrimination. Each holder of claimed IPR has filed a statement to such
effect with SMPTE. Information may be obtained from the Director, Standards & Engineering at SMPTE
Headquarters.

Attention is also drawn to the possibility that elements of this Standard may be subject to IPR other than
those identified above. The Society shall not be responsible for identifying any or all such IPR.

No representation or warranty is made or implied that this is the only license that may be required
to avoid infringement in the use of this standard.
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1 Scope

This document references 4096 x 2160 Digital Cinematography Production Image Formats FS/709 —
Mapping into a Multi-link 10G-SDI Mode B defined in SMPTE ST 435-2. This document also defines
locations within the bitstream for Audio Data, payload ID and other ancillary data in conformance with
SMPTE ST 291-1. The “Basic Stream” as defined in SMPTE ST 292-1 is utilized as the input source streams
for the 10G-SDI.

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 clause 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.

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.

3 Normative References

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

SMPTE ST 291-1:2011, Ancillary Data Packet and Space Formatting

SMPTE ST 292-1:2018, 1.5 Gb/s Signal/Data Serial Interface

SMPTE ST 299-1:2011, 24-Bit Digital Audio Format for SMPTE 292 Bit-Serial Interface

SMPTE ST 352:2013, Payload Identification Codes for Serial Digital Interfaces

SMPTE ST 372:2017, Dual Link 1.5 Gb/s Digital Interface for 1920 x 1080 and 2048 %1080 Picture Formats

SMPTE ST 435-1:2012, 10 Gb/s Serial Signal/Data Interface — Part 1: Basic Stream Distribution
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SMPTE ST 435-2:2012, 10 Gb/s Serial Signal/Data Interface — Part 2: 10.692 Gb/s Stream — Basic
Stream Data Mapping

SMPTE ST 435-3:2012, 10 Gb/s Serial Signal/Data Interface — Part 3: 10.692 Gb/s Optical Fiber Interface

SMPTE ST 2048-1:2024, 2048 % 1080 and 4096 x 2160 Digital Cinematography Production Image Formats
FS/709

SMPTE ST 2048-2:2024, 2048 x 1080 Digital Cinematography Production Image FS/709 Formatting for
Serial Digital Interface

4 System Overview

Input image formats shall be 4096 x 2160 images defined in SMPTE ST 2048-1 (2048 x 1080 and 4096 x 2160
Digital Cinematography Production Image Formats FS/709), which have 4096 maximum horizontal pixels and
2160 maximum vertical pixels as shown in Table 1. This document defines the mapping of these 4096 x
2160 images into dual-link and triple-link 10G-SDI Mode B defined with SMPTE ST 435-2 through Basic
Streams that comply with the 1.5 Gb/s Signal/Data Serial Interface defined in SMPTE ST 292-1 as shown
in Figure 1.

When embedding optional ancillary data, the ancillary data packet format shall be in conformance with
SMPTE ST 291-1. Ancillary audio data shall be as defined in SMPTE ST 299-1. If Basic Stream 1 of the
10G-SDI cannot carry all the ancillary data, Basic Stream 2 of the 10G-SDI link shall be used. Any overflow
data shall be mapped to the next Basic Stream in ascending order. Audio data shall be treated in the same
way.

The payload identifier shall be mapped into each Basic Stream of 10G-SDlIs in conformance with SMPTE
ST 352.

Table 1 — Source 4096 x 2160 Image Formats

Sub-Image System

System Reference SMPTE Signal Format Samplin ) ”
szber Standard Sgtructure/Pier De‘;thg AEIREES Sh,};;r(ljiegrjrej?:g-1
8.2 422 (YCHCR)10-bit 24, 25 and 30 Frames/s Progressive‘ 11
23.98 and 29.97 Frames/s Progressive
8.3 4:4:4 (RG'B), 24, 25 and 30 Frames/s Progressive 25
4:4:4:4 (R'G'B'+A)/10-bit 23.98 and 29.97 Frames/s Progressive
24, 25 and 30 Frames/s Progressive
8.4 4:4:4 (Y'C'sC'r)/10-bit 2.4

23.98 and 29.97 Frames/s Progressive

) 24,25 and 30 Frames/s Progressive
8.5 4:2:2 (Y'C'sC'r)/12-bit - 2.5
23.98 and 29.97 Frames/s Progressive

8.6 SMPTE ST 20481 |  4:4:4 (RG'B')/12-bit 24, 25 and ) Framesis Progressive 23
) A4 b 23.98 and 29.97 Frames/s Progressive ’

48, 50 and 60 Frames/s Progressive

16.1 4:2:2 (Y'C'sC'r)/10-bit - 2.1
47.95 and 59.94 Frames/s Progressive
16.9 4:4:4 (RG'B), 48, 50 and 60 Frames/s Progressive 49
’ 4:4:4:4 (R'G'B'+A)/10-bit 47.95 and 59.94 Frames/s Progressive ’
) 48, 50 and 60 Frames/s Progressive
16.3 4:2:2 (Y'C'sC'r)/12-bit 41

47.95 and 59.94 Frames/s Progressive

16.4 4:4:4 (RGBY12-bit 48, 50 and 60 Frames/s Progressive 43
’ a4 J12-bi 47.95 and 59.94 Frames/s Progressive ’

NOTE1 R'G'B'indicates either R'G'B’' or R'rsG'rsB'rs.
NOTE 2 System number 8.2 through 8.6 is defined in SMPTE ST 435-1.
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2-sample interleave division

4096x2160/23.98P-60P 2048x1080 Sub Images 1-4
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Figure 1 — 4096 x 2160 Image mapping overview

5 4096 x 2160/23.98P-30P Image Mapping into Dual-link 10G-SDIs
5.1 Video Payload Mapping

System Number 8.2 through 8.6 images shall be divided and mapped into the active area of Sub images 1
through 4 by 2-sample interleave division as defined by Figure 4 in SMPTE ST 435-1. Each Sub image
shall have the digital sample structure as defined in Figure 1 of SMPTE ST 2048-2.

Table 5 in SMPTE ST 435-1 specifies the relation between the horizontal/vertical pixel number of the
original 4096 x 2160 image and the sample/line number of the Sub images 1, 2, 3 and 4 (System number
1.1, 2.2~2.5 defined in SMPTE ST 435-1) by the 2-sample interleave division.

Each of Sub image data created by the 2-sample interleave division shall be System 1.1, or System 2.2
through 2.5 defined in SMPTE ST 435-1. System 2.2 through 2.5 shall be divided into the dual-link streams
with the same structure as the dual-link 1.5 Gb/s class defined by SMPTE ST 435-1. Sub image 1 through
4 shall be divided into 8 Basic Streams as shown in Figure 2.

10G-SDI Mode B defined by SMPTE ST 435-2 can transport up to six sets of the 1.5 Gb/s-SDI or up to
three sets of the dual-link 1.5 Gb/s System 2.2 through 2.5 as described by SMPTE ST 435-2.

Basic Streams CH1 through CH6 in Figure 2 shall be assigned to input Basic Streams CH1 through CH6
of 10G-SDI Mode B Link 1. Basic Streams CH7 and CH8 in Figure 2 shall be assigned to input Basic
Streams CH1 and CH2 of 10G-SDI Mode B Link 2. The Optical interface of Link 1 and Link 2 shall be in
conformance with SMPTE ST 435-3.

System Number 8.2 can be carried with a quad-link 1.5 Gb/s-SDI and shall be assigned to CH1, CH3, CH5,
and CHY in Figure 2.
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10G-SDI Mode B Link 1

Sub Image 1 _/>| Basic Stream CH 1 (Link A)
1

System 2.2~2.5 defined in

SMPTE ST 435-1 \~>| Basic Stream CH 2|(Link B)
Sub Image 2 />| Basic Stream CH 3 |(Link A)

System 2.2~2.5 defined in

SMPTE ST 435-1 | ] BasicStream CH 4[LinkB)
Sub Image 3 /a' Basic Stream CH 5/(Link A)

System 2.2~2.5 defined in

]

SMPTEST4351 [ ] Basic Stream CH g (Link B)
A

Sub Image 4 ///>| Basic Stream i 7\(Link A)

System 2.2~2.5 defined in

SMPTE ST 435-1 \~>| Basic Stream CH 8/(Link B)

}

Word demultiplexing defined in 10G-SDI| Mode B Link 2
Figure 3, 5, 7 and 9 of SMPTE ST 372

Figure 2 — 8-way division for System Number 8.2 to 8.6

5.2 ANC/Audio Data Mapping

5.21 ANC Data Mapping

Ancillary data, if present, shall be mapped into the HANC area of Basic Streams of 10G-SDI in the order
CH1 Basic Stream of 10G-SDI Link 1 up to its maximum capacity, then CH2, 3, and 4 in ascending order.

If Basic Stream 1 of the 10G-SDI link cannot carry all the ancillary data, the data overflow shall be carried
in other channels in ascending order. The ancillary data format shall be in conformance with SMPTE ST
291-1.

In the case of 29.97P and 30P, HANC data carried through 10G-SDI Mode B is limited to CH1 and CH2.

5.2.2 Audio Data Mapping

When present, audio data shall be mapped into the C's/C'r data stream of the HANC data space of CH1
Basic Stream of 10G-SDI Link 1 in conformance with SMPTE ST 299-1. If more audio data space is required,
the C's/C'r data stream of the HANC space of CH2 Basic Stream of the 10G-SDI Link 1, up to its maximum
capacity, shall be used, this same treatment shall be made to the channels in ascending order.

The maximum channel number carried by dual-link 10G-SDI Mode B is 96 channels at a sampling
frequency of 48 kHz or 48 channels at a sampling frequency of 96 kHz.

In the case of 29.97P and 30P, the maximum channel number is limited to 32 channels at a sampling
frequency of 48 kHz or 16 channels at a sampling frequency of 96 kHz.

Audio control packets shall be mapped into the Y’ data stream of the horizontal ancillary data space of any
channel carrying audio data, and shall be in conformance with SMPTE ST 299-1.
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6 4096 x 2160/47.95P-60P Image Mapping into Triple-link 10G-SDI
6.1 Video Payload Mapping

Figure 3 shows a 4-way division to Sub images 1 through 4 by the 2-sample interleave division. Even
vertical pixels of System Number 16.1 through 16.4 images shall be divided and mapped into the active
area of Sub images 1 and 2 as per 2 consecutive horizontal pixels and odd vertical pixels shall be divided
and mapped into the active area of Sub images 3 and 4 as per 2 consecutive horizontal pixels. Each Sub
image shall have the digital sample structure as defined in Figure 1 of SMPTE ST 2048-2.

Table 5 in SMPTE ST 435-1 specifies the relation between the horizontal/vertical pixel number of the
original 4096 x 2160 image and the sample/line number of the mapped active area of Sub images 1, 2, 3,
and 4 (system number 2.1, 4.1, 4.2, and 4.3 defined in SMPTE ST 435-1) by the 2-sample interleave
division.

2-sample interleave division

X -
4096x2160/47.95P-60P 1008 20481080 Sub Images
0 { 2048 2199 0 2047
| | | Quctam 21 A 1-4 2
;w
5 \Hc\leh:m')1 AA=A12
<>( I
1125 i | | Quctam 214 A 1-4 2
>}
<
w System 2.1, 4.1~4.3
<>,: HANC <>,: defined in
’ w| Data |o3
2159 SMPTE ST 435-1
Sub Image 1-4

Figure 3 — 2-sample interleave division of 4096 x 2160/47.95P-60P image

Each of Sub image data created by the 2-sample interleave division shall be System 2.1, System 4.1, 4.2
or 4.3 defined in SMPTE ST 435-1. System 4.1, 4.2, or 4.3 shall be divided into the quad-link stream with
the same structure as the quad-link 1.5 Gb/s class defined by SMPTE ST 435-1 and shall be divided into
16 Basic Streams as shown in Figure 4.

Basic Streams CH1 through CH6 in Figure 4 shall be assigned to input Basic Streams CH1 through CH6
of 10G-SDI Mode B Link 1, Basic Streams CH7 through CH12 shall be assigned to input Basic Streams
CH1 through CHG6 of 10G-SDI Mode B Link 2, and Basic Streams CH13 through CH16 shall be assigned
to input Basic Streams CH 1 through CH4 of 10G-SDI Mode B Link 3. Optical interface of Link 1, Link 2,
and Link 3 shall be in conformance with SMPTE ST 435-3.

System Number 16.1 can be carried with an octa-link 1.5 Gb/s-SDI and shall be assigned to CH1, CH3,
CH5, CH7, CH9, CH11, CH13, and CH15 as shown in Figure 4.

© SMPTE 2024 — All Rights Reserved Page 7 of 10 pages



SMPTE ST 2048-3:2024

10G-SDI Mode B Link 1

Basic Stream CH 1 (Lfink A)
Basic Stream CH 2 (llink B)

Sub Image 1

/>| System 2.2, 2.3, 2.5_channel 1
System 4.1~4.3 defined
in SMPTE ST 435-1 \>| System 2.2, 2.3, 2.5_channel 2

Basic Stream CH 3 (LLink|A)
Basic Stream CH 4 (Link|B)

Sub Image 2 Basic Stream CH 5 (llink A)
/P| System 2.2, 2.3, 2.5_channel 3 Basic Stream CH 6 (wn B)
System 4.1~4.3 defined XX
in SMPTE ST 435-1 \>| System 2.2, 2.3, 2.5_channel 4 Basic Stream CH 7 (Ljink A)
Basic Stream CH 8 (llink B)
—— Link 2

Basic Stream CH 9 (Link|A)
Basic Stream CH 10 (Link B)

Sub Image 3

/>| System 2.2, 2.3, 2.5_channel 5
System 4.1~4.3 defined
in SMPTE ST 435-1 \q System 2.2, 2.3, 2.5_channel 6

Basic Stream CH 11 (Link A)
Basic Stream CH 12 (Link B)
\V

A\
Basic Stream CH 13 (Link A)
Basic Stream CH 14 (Link B)

Sub Image 4

/>| System 2.2, 2.3, 2.5_channel 7
System 4.1~4.3 defined
in SMPTE ST 435-1 T»' System 2.2, 2.3, 2.5_channel 8

Line demultiplexing defined in Word demultiplexing defined in
Figure 2 of SMPTE ST 435-1 Figure 2 of SMPTE ST 435-1

Link 3

Basic Stream CH 15 (Link A)

Basic Stream CH 16 (Link B)
\J

400 L L

Figure 4 — 16-way division for System Number 16.1 to 16.4

6.2 ANC/Audio Data Mapping
6.2.1 ANC Data Mapping

Ancillary data if present shall be mapped into the HANC area of Basic Streams of 10G-SDI in the order of:
CH1 Basic Stream Link 1 of 10G-SDI up to its maximum capacity, then CH2, CH 3, and CH4 in ascending
order.

If Basic Stream Link 1 of 10G-SDI cannot carry all of the ancillary data, the data overflow shall be carried in
other channels in ascending order. The ancillary data format shall be in conformance with SMPTE ST 291-1.

In the case of 59.94P or 60P, H-Blank data carried through 10G-SDI Mode B is limited to CH1 and CH2.

6.2.2 Audio Data Mapping

When present, audio data shall be mapped into the C's/C'r data stream of the HANC data space of CH1
Basic Stream of 10G-SDI Link 1 in conformance with SMPTE ST 299-1. If more audio data space is required,
the C's/C'r data stream of the HANC space of CH2 Basic Stream of the 10G-SDI Link 1, up to its maximum
capacity, shall be used. This same treatment shall be made to the remaining channels in ascending order.

The maximum channel number carried by triple-link 10G-SDI Mode B is 192 channels at a sampling
frequency of 48 kHz or 96 channels at a sampling frequency of 96 kHz.

In the case of 59.94P or 60P, the maximum channel number is limited to a quarter of that of 47.95P-60P
frame/s signals.

Audio control packets shall be mapped into the Y’ data stream of the horizontal ancillary data space of any
channel carrying audio data, and shall be in conformance with SMPTE ST 299-1.
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7 Payload ldentifier

The payload identifier shall be mapped into each Basic Stream of 10G-SDIs in conformance with SMPTE
ST 352. The definition of the 4-byte payload identifier packet shall be as defined below in 7.1.

Table 2 shows the payload identifier values for the 4096 x 2160 video payload.

7.1 Payload ldentifier Data Packet Specifications
The byte 1 value of B3 identifies the 4096 x 2160 video payload carried through multi-link Basic Streams.
The remaining 3 bytes values shall specify the other features of the payload for 4096 x 2160 image formats.

Table 2 — Payload ID definitions for 4096 x 2160 video payloads on a Dual-link or
a Triple-link 10 Gb/s (nominal) serial Signal/Data interface

Bits Byte 1 | Byte 2 Byte 3 Byte 4
Interlaced (0) or Input/Output Basic Stream
Bit 7 1 progressive (1) Reserved channel number
transport Ch1 (0Oh), Ch2 (1h),
Bit 6 0 progressive (1) picture | 10G Link assignment Ch3 (2h), Ch4 (3h),
Bit5 1 Reserved Link 1 (Oh), Link 2 (1h), ghS (4h) or Ch6 (5h),
Link 3 (Zh), eserved (6h,7h)
Bit 4 1 Reserved Reserved (3h thru 7h) Reserved
Bit 3 0 Reserved
Bit 2 0 Picture rate . Reserved
Sampling structure
Bit 1 1 (see Table 2 (see Table 3 below) Bit depth
SMPTE ST 352) 10-bit (1h), 12-bit (2h),
Bit 0 1 Reserved (Oh,3h)

Table 3 — Sampling Structure

Value Sampling Value Sampling Value Sampling Value Sampling
Oh 4:2:2 1h 4:4:4 2h 4:4:4 3h 4:2:0
(Y'/C'BIC'R) (Y'/C'BIC'R) (G'/B'/R")
4h 4:2:2:4 5h 4:4:4:4 6h 4:4:4:4 7h SMPTE ST
(Y'/C'sIC'RI (Y'/C'sIC'RI (G'B'RYA) 2048-2
A) A) Fs1
8h 4:2:2:4 9h 4:4:4:4 Ah 4:4:4:4 Bh Reserved
(Y'/C'BIC'r/ (Y'/C'BIC'r/ (G'/B'/R'/D)
D) D)
Ch Reserved Dh Reserved Eh 4:4:4 Fh Reserved
(X'Y'Z)

' An additional Color VANC packet to describe the FS characteristics is defined by SMPTE ST 2048-1.
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When identifying 4096 x 2160 video payloads mapped onto a dual-link or a triple-link 10 Gb/s serial
Signal/Data interface, each bit of Table 2 shall be defined as follows:

7.2

The interlaced/progressive transport flag bit shall be set to 0 or 1 according to the digital interface
transport;

The interlaced/progressive picture flag bit shall be set to 1;
The picture rate shall be set to the value of the 4096 x 2160 video payload;

The sampling structure shall be set to the value of the payload being carried. The value of 7h shall
be assigned when the Color VANC packet defined in SMPTE ST 2048-1 is carried;

The assignment order of the Basic Stream channels and the 10G links for the payload IDs shall
correspond to the 10 Gb/s SDI input channel and link numbers as defined in Clause 5.1 and Clause
6.1;

The 10G-SDI link number in bit b4, b5, and b6 of byte 3 shall be set to the following values in the
case of a dual link and a triple link:

Oh shall identify Link 1;
1h shall identify Link 2;
2h shall identify Link 3;
3h thru 7h shall be reserved;

The input/output Basic Stream channel number of each 10G-SDI link in bit b5, b6, and b7 of byte 4
shall be set to the following values:

Oh shall identify CH1;
1h shall identify CH2;
2h shall identify CH3;
3h shall identify CH4;
4h shall identify CH5;
5h shall identify CH®6;
6h and 7h shall be reserved;

The bit depth of the sample shall be identified by bits b1 and b0 of byte 4 having the following values:

— 1h shall identify quantization using 10 bits per sample;
— 2h shall identify quantization using 12 bits per sample;
— Oh and 3h shall be reserved.

Placement of Payload Identifier

The recommended placement of the payload identifier for each Basic Stream of 10G-SDIs shall be
immediately after the SAV in the lines defined in SMPTE ST 292-1.
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