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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the IQﬂI/]F'(‘ Directives Part 1. In parh'ml]ar’ the different apprnvn] criterianeeded for the different types
of docyment should be noted. This document was drafted in accordance with the editorial rules gfthe 1SO/
[EC Dinectives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).

[SO anfl IEC draw attention to the possibility that the implementation of this document ‘may invdlve the
use of [a) patent(s). ISO and IEC take no position concerning the evidence, validity or-applicability] of any
claimed patent rights in respect thereof. As of the date of publication of this document,JSO and IEC had not
receivdd notice of (a) patent(s) which may be required to implement this document-Hewever, implementers
are caytioned that this may not represent the latest information, which may bé gbtained from the| patent
databafe available at www.iso.org/patents and https://patents.iec.ch. ISQ%and IEC shall not he held
respongible for identifying any or all such patent rights.

Any trpde name used in this document is information given for the.convenience of users and dpes not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and exprgssions
related to conformity assessment, as well as informationtabout ISO's adherence to the World Trade
Organigation (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/iso/foreword.html.
In the [EC, see www.iec.ch/understanding-standards.

This document was prepared by Joint Technicaltv'Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 29, Coding of audio, picture, mulsitedia and hypermedia information, in collaborati¢n with
ITU-T [ps Rec. ITU-T H.273 (07/2024)].

This third edition cancels and replacesthe second edition (ISO/IEC 23091-2:2021), which hajs been
technidally revised.

The mdin changes are as follows:

— cofrection of the range of va]ues for analogue colour primary signals for the sYCC colour represeptation
sp¢cified in IEC 61966-2-1;

— addlition of a colourxepresentation developed in the Society of Motion Picture and Television Engineers
that is referred t6.as IPT-C2;

— specification\of code point identifiers, referred to as YCgCo-Re and YCgCo-Ro, for YCoCg-R| colour
re(%‘esentation with equal luma and chroma bit depths, where the number of bits added to a[source

«_n

RGB bit'depth is 2 (i.e. even) and 1 (odd), respectively, as indicated by the “e” and “0” appended to the
abbreviated names;

Alist of all parts in the ISO/IEC 23091 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards
body. A complete listing of these bodies can be found at www.iso.org/members.html and
www.iec.ch/national-committees.
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Introduction

In a number of specifications, there is a need to identify some characteristics of video (or still image) media
content that are logically independent of the compression format. These characteristics can include, for
example, aspects that relate to the sourcing or presentation, or the role of the video (or still image) media
component. These characteristics have typically been documented by fields that take an encoded value or
item selected from an enumerated list, herein called code points.

These code points are typically defined in the specification of compression formats to document these
characteristics of the media. In past practices, the definition of these fields has been copied from document

to doc mment, - sometimes with new values hning added in later documents (nnd sometimes with later

amendments specified to add new entries to existing documents).

This pqst practice has raised a number of issues, including the following:

a) Alpck of a formal way to avoid conflicting assignments being made in different docurhents.

b) Haping additional values defined in later specifications that can be practicaly used with older
compression formats, but without clear formal applicability of these new valuesito older documepts.

¢) Anly update or correction of code point semantics can incur significant effott to update all dochiments
in which the code point is specified, instead of enabling a single central specification to apply|across
different referencing specifications.

d) The choice of reference for other specifications (such as container or delivery formats) not being opvious;
wherein a formal reference to a compression format documént appears to favour that one formfat over
others, and also appears to preclude definitions defined in other compression format specificatigns.

e) Bufrdensome maintenance needs to ensure that a referéuce to material defined in a compression|format
specification is maintained appropriately over differeft revisions of the referenced format specifjcation,
as the content of a compression format specification-can change over time and is ordinarily not intended
as p point of reference for defining such code points.

This dgcument provides a central definition ofsuch code points for video and image applications to gddress
these igsues. This document can be used to provide universal descriptions to assist interpretation df video
and impge signals following decoding, orto-describe the properties of these signals before they are eficoded.

© ISO/IEC 2025 - All rights reserved
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3 Terms and definitions

For theg

ISO andl [EC maintain terminology databases for use in standardization at the following addresses:

— I5(
— IE
3.1

bottom field
ly of the odd-numbered rows of samples of the components (3.3) of a video frame using a nunjbering

assembh
of rows

3.2

chromp

sample
colours

ppe

cument defines various code points and fields that establish properties of a video (or still
bntation and are independent of the compression encoding and bit rate. These preperties can d
ropriate interpretation of decoded data or can, similarly, describe the characteristics of such :
the signal is compressed by an encoder that is suitable for compressing such an input signal.

)rmative references

owing documents are referred to in the text in such a way that seme or all of their content conj
ments of this document. For dated references, only the edition cited applies. For undated refé
st edition of the referenced document (including any antendments) applies.

£ 11664-1, Colorimetry — Part 1: CIE standard colorimetric observers

purposes of this document, the following terms and definitions apply.

Online browsing platform: available at https://www.iso.org/obp

[ Electropedia: available athttps://www.electropedia.org/

that starts with row number 0 as the top row

array’or single sample representing one of the two colour difference signals related to the p

image)
pscribe
1 signal

titutes
rences,

rimary

,tepresented by the symbols Cb and Cr

Note 1 to entry: The term "chroma" is used rather than "chrominance" in order to avoid the implication of the use of

linear li

3.3

ght transfer characteristics that is often associated with "chrominance".

component
array or single sample from one of the three arrays [luma (3.4) and two chroma (3.2)] that compose a picture
(3.5) in 4:2:0, 4:2:2, or 4:4:4 colour format or the array or a single sample of the array that compose a picture
in monochrome format

© ISO/IEC 2025 - All rights reserved
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sample array or single sample representing the monochrome signal related to the primary colours,
represented by the symbol or subscript Y or L

Note 1 to entry: The term "luma" is used rather than "luminance” in order to avoid the implication of the use of linear
light transfer characteristics that is often associated with "luminance". The symbol L is sometimes used instead of the

symbol
3.5

Y to avoid confusion with the symbol y as used for vertical location.

picture

array

f luma (3.4) samples in monochrome format or array of luma samples and two correspondin

arrays

of chro

3.6
resery
values

Note 1t
they wi

3.7

top fie
assemlb
of rows

3.8

unspe
values
have a

4 AL

LSB

MSB
SAR
SMPTH

5 Cd
NOTE

those u
defined

51 A

ma (3.2) samples in 4:2:0, 4:2:2, and 4:4:4 colour format

ed
pf a particular code point that are for future use by ITU-T | ISO/IEC

o entry: These values shall not be used in identifiers conforming to this edition of this-<document. It is
1 be used in a manner yet to be specified in some future extensions of this documentiby ITU-T | ISO/IE

|d

that starts with row number 0 as the top row

rified
pf a particular code point that have no specified meaning in this edition of this document and {
cpecified meaning in the future as an integral part offuture editions of this document

breviated terms

least significant bit
most significant bit
sample aspect ratio

Society of Motion Picture and Television Engineers

nventions
The mathematical operators used in the pseudocode operations specified in this document are si

bed in the € programming language. However, integer division and arithmetic shift operations are spe
Numbgring and counting conventions generally begin from 0.

\rithmetic operators

bossible

L
Los

ly of the even-numbered rows of samples of the components (3.3)«0fa video frame using a nunpbering

will not

milar to
cifically

xY

addition
subtraction (as a two-argument operator) or negation (as a unary prefix operator)

multiplication, including matrix multiplication

exponentiation, x to the power of y (in other contexts, such notation may be used for superscripting

not intended for interpretation as exponentiation)

© ISO/IEC 2025 - All rights reserved
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integer division with truncation of the result toward zero (for example, 7 / 4 and (-7) / (-4) are

truncated to 1 and (-7) / 4 and 7 / (-4) are truncated to -1)

division in mathematical expressions where no truncation or rounding is intended

division in mathematical expressions where no truncation or rounding is intended

summation of f( i) with i taking all integer values from x up to and including y

x%y

X >>y

X<y

53 A

++

Jit-wise operators

issignment operators

modulus, remainder of x divided by y, defined only for integers x and y with x >= 0 and y.>

bit-wise "and" (when operating on integer arguments, operates on altwo's comp
representation of the integer value; when operating on a binary argumentdthat contains fey
than another argument, the shorter argument is extended by adding more significant bits equ

bit-wise "or" (when operating on integer arguments, operatés on a two's comp
representation of the integer value; when operating on a binary drgument that contains fey
than another argument, the shorter argument is extended by adding more significant bits eqy

bit-wise "exclusive or" (when operating on integer-arguments, operates on a
complement representation of the integer value; when gperating on a binary argument thatc

ement
ver bits
1al to 0)

ement
ver bits
1al to 0)

two's
bntains

fewer bits than another argument, the shorter argument is extended by adding more sighificant

bits equal to 0)

arithmetic right shift of a two's complementinteger representation of x by y binary digits (
only for non-negative integer values of y; bits shifted into the MSBs as a result of the rig
have a value equal to the MSB of x prierto the shift operation)

arithmetic left shift of a two's complement integer representation of x by y binary digits (
only for non-negative integer valiies of y; bits shifted into the LSBs as a result of the left sh
a value equal to 0)

assignment operator

Hefined
ht shift

Hefined
ft have

increment, iexx++ is equivalent to x = x + 1; when used in an array index, evaluates to the value

of the variable prior to the increment operation

decremdent, i.e. x- - is equivalent to x = x — 1; when used in an array index, evaluates to thie value

of the’variable prior to the decrement operation

increment by amount given, i.e. x += 3 is equivalent to x = x + 3, and x += (-3) is equivz

1lent to

Y:Y+(—?)

decrement by amount given, i.e. x —= 3 is equivalent to x = x - 3, and x -= (-3) is equivalent to

x=x-(-3)

© ISO/IEC 2025 - All rights reserved
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5.4

a?b:

NOTE

applicable), the value "na" is treated as a distinct value for the code pointjor variable. The value "na" is consid¢
to be equal to any other value.

ISO/IEC 23091-2:2025(en)

Relational, logical, and other operators

equality operator
not equal to operator
logical negation "not"
larger than operator

smaller than operator

larger than or equal to operator

smaller than or equal to operator

evaluates the second operand when necessary

conditional/logical "or" operator, performs a logical "or" of its Boolean operators, but only
ates the second operand when necessary

ternary conditional, if condition a is true, then the result is equal to b; otherwise the r

] equaltoc

When a relational operator is applied to a code point or variable that has been assigned the value "

conditional/logical "and" operator, performs a logical "and" of its Boolean-gperators, but only

r evalu-

psult is

na" (not
red not

5.5 Mathematical functions
Pseuddcode operations (1) to (10) specify functions for use in the pseudocode logic within this docurhent.

X ; x>=0
Abs(x):{ 1)
-x ; x<0

Cliply(x) = Clip3( 0, (1 << BitDepthy)) - 1,x), 2)
where BitDepthy is the representation bit depth of the corresponding luma colour component signal.

Cliple(x) = Clip3(0, ( 15 BitDepth:) - 1,x), 3)
where [BitDepth. is_the-Tepresentation bit depth of the corresponding chroma colour component signal
C. In general, BitDepth; may be distinct for different chroma colour components signals C - e.g. for C
corresponding to\€b or Cr.

X Z<X
Clip3(x,y,z) =1y Z>y 4)
[z ;  otherwise

Floor( x ) is the largest integer less than or equal to x. (5)

Ln( x) is the natural logarithm of x. (6)

Log10( x ) is the base-10 logarithm of x. (7)

Round( x ) = Sign( x ) * Floor( Abs(x ) + 0.5). (8)

© ISO/IEC 2025 - All rights reserved
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1 ; x>0
Sign(x)=¢ 0 ; x==0
-1 ; x<0

Sqrt( x ) is the square root of x.

5.6 Order of operations

)

(10)

When order of precedence in an expression is not indicated explicitly by use of parentheses, the following

rules apply:

— Operations of a higher precedence are evaluated before any operation of a lower precedence!

— Operations of the same precedence are evaluated sequentially from left to right.

Table 1| specifies the precedence of operations from highest to lowest; a higher position.jnithe table indicates

a highgr precedence.

NOTE For those operators that are also used in the C programming language, the order of precedence usefl in this

documgnt is the same as used in the C programming language.

Table 1 — Operation precedence from highest (at top of table) tolowest (at bottom of table)

Operations (with operands x, y, and z)

X++", "x- -

’

"Ix","-x" (as a unary prefix operator)

lle

LI I ] non n lli

X y, X/y, X+y, ","X%y"

y

y
"x+y","x - y" (as a two-argumentyperator), " Zf(i) "

i=x

"X<<y, X>>y"

"x<y", "x<=y", "x>y""X>=y

"X==y, X!=yn

IIX & yll

nX | yll

"X && y-

X UL

"X?y:Z"

"X=y, X+=y,

X —= yu

6 Specified code points

This clause identifies the code points defined in this document, as listed in Table 2 with cross-references to

the subclause in which each is specified.

© ISO/IEC 2025 - All rights reserved
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Table 2 — List of code point definitions

Name Abstract Subclause
ColourPrimaries Video colour primaries 8.1
TransferCharacteristics Video colour transfer characteristics 8.2
MatrixCoefficients and VideoFullRangeFlag Video matrix colour coefficients 8.3
VideoFramePackingType and QuincunxSamplingFlag Video frame packing 8.4
PackedContentInterpretationType Interpretation of packed video frames |8.5
SampleAspectRatio, SarWidth, and SarHeight Sample aspect ratio of video 8.6

Chromasampling grid alignment forvideo 8.7
Chromja420SampleLocType fields or frames having the 4:2:0 colour

format

7 Prjinciples for definition and referencing of code points

7.1 Application usage

This dpcument specifies code points for coding-independent description of\wideo and image signpl type
characteristics. These signal type identifiers can be used to provide univeérsal descriptions to assist the
interprletation of signals following decoding or to describe properties of the signals prior to encoding.

An example of the usage of the code point identifiers specified in this’document is illustrated in Figure 1.
The signal type identifier may be represented within the video elementary stream produced by an epcoder.
Alternatively, or additionally, the signal type identifier may be €arried outside of a video elementary stream
by othér means, such as in a file storage format, in a systemmultiplex format, or in a streaming gystem
protocol.

D
Video > - ideo Video elementary
source 4\ encoder stream
D

Figure 1 — Example usage

Furthef information-on the usage of video signal type code points, including the identification ¢f code
point dombinations that are widely used in production and video content workflows, is available in ITU-T
H-Suppl. 19 | ISO/IEC TR 23091-4.

7.2 (ode point encoding and defaults

The code points defined herein may be specified as a value or a label of an enumerated list. The definition of
their encoding and representation (e.g. as a binary number) is the responsibility of the specification using the
code point, as is the identification of any applicable default value not specified herein. It is also possible for
external specifications to use a mapping to values defined here, if they wish to preserve identical semantics
but different code point assignments.

Guidance is given for each code point as to a suitable type (e.g. unsigned integer) and a suitable value range
(e.g. 0 to 63, inclusive) for assistance in writing derived specifications. In some instances, default flag values
are provided that are suggested to be inferred for code point parameters with associated flags that might
not be explicitly signalled or specified in derived specifications.

© ISO/IEC 2025 - All rights reserved
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7.3 Externally defined values

If the external specification permits values not defined by this document to be identified in the same field
that carries values defined by this document, then that other specification shall identify how values defined

herein

can be distinguished from values not defined herein.

7.4 Reference format

References to code points in this document should use only the code point name (i.e. a "Name" from Table 2)
and specification title, and not use subclause numbers or any other "fragile" reference such as a table
number. For example, for a hypothetical code point named "ChocolateDensity", a document can refer to

"Chocd

7.5 1

ISO/IE
this do

8 Vi

8.1 (
Type: U
Range:

lateDensity as defined in Rec. [TU-T H.273 [ ISO/IEC 23091-2"

Jniform resource name format
[ 23091-1 specifies a uniform resource name format that may be used for the code points sped

cument.

feo code points

olour primaries
nsigned integer, enumeration

0 to 255, inclusive

ColourPrimaries indicates the chromaticity coordinates\of the source colour primaries as sy

ified in

ecified

in Table 3 in terms of the CIE 1931 definition of x amd y, which shall be interpreted as specified by
[SO/CIE 11664-1.
An 8-bit field should be adequate for representatiofi’of the ColourPrimaries code point.
Table 3 — Interpretation of colour primaries (ColourPrimaries) value
Value Colour primaries Informative remarks
Reserved For future use by ITU-T | ISO/IEC
primary X y Rec. ITU-R BT.709-6
green 0.300 0.600 Rec. ITU-R BT.1361-0 conventional colour gamut
system and extended colour gamut system
blue 0:150 0.060 (historical)
red 0.640 0.330 IEC 61966-2-1 SRGB or sYCC
white D65 0.3127 0.3290 IEC 61966-2-4
SMPTE RP 177 (1993) Annex B
2 Unspectified Image characteristics are unknown or are
determined by the application.
3 Reserved For future use by ITU-T | ISO/IEC
4 primary X y Rec. ITU-R BT.470-6 System M (historical)
green 0.21 0.71 United States National Television System
bl 0.14 0.08 Committee 1953 Recommendation for
ue ' ' transmission standards for colour television
red 0.67 0.33 United States Federal Communications
white C 0.310 0.316 Commission Title 47 Code of Federal Regulations
(2003) 73.682 (a) (20)

© ISO/IEC 2025 - All rights reserved
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Table 3 (continued)

Value Colour primaries Informative remarks
5 primary X y Rec. ITU-R BT.470-6 System B, G (historical)
green 0.29 0.60 Rec. ITU-R BT.601-7 625
blue 0.15 0.06 Rec. ITU-R BT.1358-0 625 (historical)
red 0.64 0.33 Rec. ITU-R BT.1700-0 625 PAL and 625 SECAM
white D65 0.3127 0.3290
6 primary X y Rec. ITU-R BT.601-7 525
green 0310 0595 Rec. ITU-R BT.1358-1 525 or 625 (historical)
blue 0.155 0.070 SR;CP;;?;‘? f%%%%‘%msc
red 0.630 0.340 (functionally the same as the value 7)
white D65 0.3127 0.3290
7 primary X y SMPTE ST 240 (1999)
green 0.310 0.595 (functionally the same as thexwalue 6)
blue 0.155 0.070
red 0.630 0.340
white D65 0.3127 0.3290
8 primary X y Generic film (colour filters using [lluminant )
green 0.243 0.692 (Wratten 58)
blue 0.145 0.049 (Wratten 47)
red 0.681 0.319 (Wratten 25)
white C 0.310 0.316
9 primary X y Rec. ITU-R BT.2020-2
green 0.170 0.797 Rec. ITU-R BT.2100-2
blue 0.131 0.046
red 0.708 0.292
white D65 0.3127 0.3290
10 primary X Y SMPTE ST 428-1 (2019)
green (Y) 0.0 1.0 (CIE 1931 XYZ as in ISO/CIE 11664-1)
blue (Z) 0.0 0.0
red (X) 1.0 0.0
centre white 1\&3 1+3
11 primary X y SMPTE RP 431-2 (2011)
green 0.265 0.690
blue 0.150 0.060
red 0.680 0.320
wehite 0.314 0.351
12 primary X y SMPTE EG 432-1 (2010)
green 0.265 0.690
blue 0.150 0.060
red 0.680 0.320
white D65 0.3127 0.3290
13to 21 Reserved For future use by ITU-T | ISO/IEC

© ISO/IEC 2025 - All rights reserved
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Table 3 (continued)

Value Colour primaries Informative remarks
22 primary X y No corresponding industry specification identified
green 0.295 0.605
blue 0.155 0.077
red 0.630 0.340
white D65 0.3127 0.3290
23to 255 |[Reserved For future use by ITU-T | ISO/IEC

8.2 Transfer characteristics
Type: Unsigned integer, enumeration

Range:|0 to 255, inclusive

TransferCharacteristics, as specified in Table 4, either indicates the reference qpto-electronic tfansfer
characteristic function of the source picture as a function of a source input linearoptical intensity input

L. with a nominal real-valued range of 0 to 1, inclusive, or indicates the invebse’of the reference ¢
opticalltransfer characteristic function as a function of an output linear optical‘intensity L, with a n
real-valued range of 0 to 1, inclusive. For interpretation of entries in Table“4 that are expressed ir
of multiple curve segments parameterized by the variable a over a region bounded by the variah
by the [variables 8 and y, the values of @ and f are defined to be the(positive constants necessary

lectro-
ominal
terms
le B or
for the

curve degments that meet at the value £ to have continuity of both.¥alue and slope at the value §. Thie value
of y, when applicable, is defined to be the positive constant négessary for the associated curve segments
to medt at the value y. For example, for TransferCharacteristics equal to 1, 6, 14, or 15, a has thg value

1+5.51 £=1.099 296 826 809 442... and S has the value 0.018 053 968 510 807....

An 8-bit field should be adequate for representation of‘the TransferCharacteristics code point.

NOTE 1] As indicated in Table 4, some values of TransferCharacteristics are defined in terms of a referen¢e opto-

electromic transfer characteristic function and others are defined in terms of a reference electro-optical
charactgristic function, according to the convention that has been applied in other documents. In the casef
ITU-R BT.709-6 and Rec. ITU-R BT.2020-2 (as-can be indicated by TransferCharacteristics equal to 1, 6, 14

ransfer
of Rec.
or 15),

although the value is defined in terms of a péference opto-electronic transfer characteristic function, a corresponding
referenge electro-optical transfer characteristic function for flat panel displays used in HDTV studio production has

been splecified in Rec. ITU-R BT.1886-0%

Depending on the applicatiom and for proper functioning of the pseudocode operations specnil
this ddcument, it is possible, that certain combinations of TransferCharacteristics, VideoFullRa
BitDepthy, and BitDepth; @il not be permitted.

© ISO/IEC 2025 - All rights reserved
9

fied in
geFlag,


https://standardsiso.com/api/?name=1e584fb280c57123c5250e2ec55bbb68

ISO/IEC 23091-2:2025(en)

Table 4 — Interpretation of transfer characteristics (TransferCharacteristics) value

Value Transfer characteristics Informative remarks
0 Reserved For future use by ITU-T | ISO/IEC
1 V=a*LO0% - (a-1) for1>=L >=f Rec. ITU-R BT.709-6
V=4.500*L, forf>L.>=0 Rec. ITU-R BT.1361-0 convention-
al colour gamut system (histor-
ical)
(functionally the same as the
values 6, 14, and 15)

2 Unspecified Image characteristics are yun-
known or are determined, by the
application.

3 Reserved For future use by ITU-T | I§O/IEC

4 Assumed display gamma 2.2 Rec. ITU-R BT470<6 Systein M
(historical)

United States National Telgvision
System'Committee 1953 Rec-
ommendation for transmigsion
stafidards for colour television
United States Federal Communi-
cations Commission Title 47 Code
of Federal Regulations (20P3)
73.682 (a) (20)

Rec. ITU-R BT.1700-0 625 PAL
and 625 SECAM

5 Assumed display gamma 2.8 Rec. ITU-R BT.470-6 System B, G
(historical)

6 V=a*L0% - (a-1) ford>=L.>=p Rec. ITU-R BT.601-7 525 o1] 625

V=4.500*L, far'f>L.>=0 Rec. ITU-R BT.1358-1 525 ¢r 625
(historical)
Rec. ITU-R BT.1700-0 NTS(
SMPTE ST 170 (2004)
(functionally the same as the
values 1, 14, and 15)
7 V=a*LO0% - (a-1) for1>=L.>=p SMPTE ST 240 (1999)
V=4.0*L, forf>L.>=0
8 V=L, for1>L.>=0 Linear transfer characterigtics
9 V=1.0+Logl0(L) + 2 for1>=L.>=0.01 Logarithmic transfer chargcteris-
V=0.0 for 0.01>L.>=0 tic (100 to 1 range)
10 V=1.0 +hogl0(L.) + 2.5 for1>=L, >= Logarithmic transfer chargcteris-
V=0.0 Sqrt(10) + 1000 tic (100 * Sqrt( 10 ) to 1 range)
for Sqrt(10) + 1000 > L,
>=(
11 V=a*LO04% - (a-1) forL.>=p IEC 61966-2-4
V=4500*L forf=1 -8
V=-a*(-L )% +(a-1) for -B>=L,
12 V=a*L 0% - (a-1) for1.33>L.>=f Rec. ITU-R BT.1361-0 extended
V=4.500*L, for f>L.>=-y colour gamut system (historical)

V=-(a*(-4*L. )04 -(a-1))+4 for -y >=L.>=-0.25

© ISO/IEC 2025 - All rights reserved
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Table 4 (continued)
Value Transfer characteristics Informative remarks
13 — If MatrixCoefficients is equal to 0 IEC 61966-2-1 sRGB (with Matrix-
V=a*L(1724) - (a-1) for1>L.>=f Coefficients equal to 0)
V=1292*L, forf>L,>=0 IEC 61966-2-1 sYCC (with Matrix-
_ Otherwise Coefficients equal to 5)
V=a*L(1%24) - (a-1) forL,>=p
V=1292*L, forf>L.>-f
V=-a*(-L )24 + (a-1) for -B>=L.
14 V=t 045 Lo 43 ford>=+ 5 ReeFH-RBF2020-2
- - HHRBF2026-2
V=4.500*L, forf>L.>=0 (functionally the same-as the
values 1, 6, and 15)

15 V=a*L0% - (a-1) forl1>=L.>=f Rec. ITU-R BT.2020:2

V=4.500*L, forp>L.>=0 (functionally the same as the
values 1, 6,and 14)

16 V=((c;+c,*L,2) = (1+c3*L,r))m for all values of L SMPTEST.2084 (2014) for|10, 12,
cg=c3-¢c,+1=107 + 128 14, and 16-bit systems
=0.8359375 Recr ITU-R BT.2100-2 perceptual
c,=2413 +128=18.851562 5 quantization (PQ) system
c3=2392+128=18.6875
m=2523+32=78.84375
n=1305+8192 =0.159 301 757 812 5
for which L equal to 1 for peak white is ordinarily intended to cor-
respond to a reference output luminance level of 10 00Q candelas per
square metre

17 V=(48*L,+52.37)(1+26) for all #alues of L, SMPTE ST 428-1 (2019)
for which L, equal to 1 for peak white is ordinarily intended to
correspond to a reference output luminancglevel of 48 candelas per
square metre

18 V=a*Ln(12*L.-b)+c forl1>=L.>1+12 Association of Radio Indusfries
V=Sqrt(3)*L05 for1+12>=L,>=0 and Businesses (ARIB) STI)-B67
a=0.178 83277 (2018)
b=0.284 668 92 Rec. ITU-R BT.2100-2 hybrjfd
c=0.559910 73 log-gamma (HLG) system

19 to 2p5 |Reserved For future use by ITU-T | I§O/IEC

NOTE 2| For TransferCharacteristics equal to 13, the pseudocode operations given in Table 4 for interpretatjon with

Matrix(oefficients equal te @ were specified as applying to all values of MatrixCoefficients in a previous edition of

this dogument. Closer stiidy later determined that IEC 61966-2-1 had specified a wider range of values for Ii, in the
contextlof sYCC usagecorresponding to MatrixCoefficients equal to 5. This document was therefore revised to provide

a speciflication of TrahsferCharacteristics interpretation that depends on the value of MatrixCoefficients to pddress

this deffciency incthe previous edition of the document.

NOTE 3] FovTransferCharacteristics equal to 18, the pseudocode operations given in Table 4 are normaljzed for

a sourcg input linear optical intensity L, with a nominal real-valued range of 0 to 1, inclusive. An alternative scaling

thatis N hem 1 equl ent i edin AR 26 i he sou e-inby near-opticalintensi ,avinga

nominal real-valued range of 0 to 12, inclusive.

8.3 Matrix coefficients

Type: Unsigned integer, enumeration

Range:

0 to 255, inclusive, plus associated flag

MatrixCoefficients describes the matrix coefficients used in deriving luma and chroma signals from the
green, blue, and red, or X, Y, and Z primaries, as specified in Table 5 and the pseudocode logic expressions
specified below.

© ISO/IEC 2025 - All rights reserved
11


https://standardsiso.com/api/?name=1e584fb280c57123c5250e2ec55bbb68

ISO/IEC 23091-2:2025(en)

A flag, VideoFullRangeFlag, may be supplied with this code point (see below).

VideoFullRangeFlagspecifies the scalingand offset values applied in association with the MatrixCoefficients.
When not present or not specified, the value 0 for VideoFullRangeFlag would ordinarily be inferred as the

default

value for video imagery.

An 8-bit field should be adequate for representation of the MatrixCoefficients code point.

Certain values of MatrixCoefficients may be disallowed, depending on the application and the characteristics
and format of the signal, e.g. with regard to combinations of the chroma format sampling structure and the
values of BitDepthy and BitDepth,.

The int
defined

applyiy

For pu
substit
and (44

Nomin
Nomin

The ap

erpretation of MatrixCoefficients is specified by the following pseudocode logic. Ep, E;, and
| as "linear-domain" real-valued signals based on the indicated colour primaries (see 8.
g the transfer characteristics (see 8.2).

'poses of the YZX representation when MatrixCoefficients is equal to 0, the symbels R, G, an
uted for X, Y, and Z, respectively, in pseudocode operations (11) to (19), (27) to £29), and (33)

Ep are
before

d B are
o (35),

) to (50).
1l peak white is specified as having Ep equal to 1, E; equal to 1, and E; equal to 1.
il black is specified as having Ep equal to 0, E; equal to 0, and Eg equalyto 0.

blication of the transfer characteristics function is denoted by ( % )*for an argument x.

If MatrixCoefficients is not equal to 14 or 15, the signals E'3E;, and E' are determined by app
of the transfer characteristics function as per pseudocode eperations (11) to (13):

= (Eg) ¢
= (Eq) 4
= (Ep)’ (1

In this case, the range of E', E!;-and E'; is specified as follows:

— If TransferCharacteristics is equal to 11 or 12, or TransferCharacteristics is equal to
MatrixCoefficiefits is not equal to 0, E'g, E';, and E'g are real numbers with values that
larger range than the range of 0 to 1, inclusive, and their range is not specified in this dog

— Otherwise) E'y, E';, and E'g are real numbers in the range of 0 to 1, inclusive.

Otherwise(MatrixCoefficients is equal to 14 or 15), the signals E’;, E’y;, and E'g are determined
following ordered pseudocode steps:

a) The "linear-domain" real-valued signals E, Ey, and Eg are determined as follows:

ication

iy

2)

3)

13 and

have a
ument.

| by the

Ey

TEN odbaaza £33 tai 1o 14 | | 43 £4AN o (1 |
I VIAUTAGUTITIVITIILS 15 TUUAT U 17, PoSTUUULUUT UpPTTdtIULLS ([ LT] LU [ LU ] dpPpPly.

E, = (1688*Ey+2146*E; +262*Ey) + 4 096 (14)
= (683 *Eg+2951 *E; + 462 *Eg) + 4 096 (15)
Eg= (99 *Eg + 309 *E. + 3 688 *Eg) + 4 096 (16)

— Otherwise (MatrixCoefficients is equal to 15), pseudocode operations (17) to (19) apply:

© ISO/IEC 2025 - All rights reserved
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E =(1747*Eg+2 169 *E; + 180 *Eg) + 4 096 (17)
Ey=(673*Eg+3029*E;+394*E;) +4096 (18)
Eg=(50*Eg+207*E;+3839*Ez) + 4096 (19)

b) The signals E';, E'y;, and E'g are determined by application of the transfer characteristics func-

tion as per pseudocode operations (20) to (22):

E' FEY (30)
E'M = (Ep)’ (41
E's|E (Eg) (22)

When MatrixCoefficients is equal to 0, 8, 16, or 17, the variables BitDepthy.p and MaxValy.p are derived

using the following ordered pseudocode steps:

a)

b)

The intlerpretation 0f-MatrixCoefficients is specified as follows.

The variable BitDepthyp is derived as follows:
— If MatrixCoefficients is equal to 0 or 8, the followingapplies:

BitPpepthpsp = BitDepthy (43)

— Otherwise, if MatrixCoefficients is equal té716, the following applies:

— Otherwise (MatrixCoefficients is equal to 17), the following applies:

The variable MaxValggis-derived as follows:

If VidegEullRangeFlag is equal to 0, the following applies:

- If MatrixCoefficients is equal to 0, 8, 16, or 17, pseudocode operations (25) to (27) applly:

R =Clip3( 0, MaxValggp, (1 << ( BitDepthgeg-8)) * (219 *E'y +16)) (27)
G = Clip3( 0, MaxValggg, (1 << ( BitDepthgqg -8)) * (219 *E';+16)) (28)
B = Clip3( 0, MaxValggp, (1 << ( BitDepthgqg-8)) * (219 *E';+16)) (29)

NOTE1 Pseudocode operations (27) to (29) are drafted under the assumption that BitDepthpyy is greater than or
equal to 8.

© ISO/IEC 2025 - All rights reserved
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— Otherwise, if MatrixCoefficients is equal to 1, 4, 5, 6, 7,9, 10, 11, 12, 13, or 14, pseudocode op-
erations (30) to (32) apply:

Y = Clip1ly (Round( (1 << (BitDepthy-8))* (219*E'y +16))) (30)
Cb = Clip1; (Round( (1 << (BitDepth.-8))* (224 *E'pg+ 128))) (31
Cr = Clip1; ( Round( (1 << (BitDepth;-8))* (224 *E'pg + 128))) (32)
NOTE 2, e e Depthe are
greater|than or equal to 8.
— Otherwise, if MatrixCoefficients is equal to 2, the interpretation of the Matrix€gefficients code
point is unknown or is determined by the application.
— Otherwise (MatrixCoefficients is notequal to 0, 1, 2,4, 5, 6, 7,8,9, 10, 11,12, 13, 14, 16) or 17),
the interpretation of the MatrixCoefficients code point is reserved for future definifion by
ITU-T | ISO/IEC.
— Otherwise (VideoFullRangeFlag is equal to 1), the following pseudotcode logic applies:
— If MatrixCoefficients is equal to 0, 8, 16, or 17, pseudocode operations (33) to (35) apply:
G =Clip3( 0, MaxValyp, MaxValgqs *E';) (34
B =Clip3( 0, MaxValyg, MaxValgqs *E'p) (35)
— Otherwise, if MatrixCoefficientsis equalto 1,4, 5, 6, 7,9, 10, 11, 12, 13, or 14, pseudocpde op-
erations (36) to (38) apply:
Y =[Clip1,( Round( ( (1 << BitDepthyJ - 1) *E'y)) (36)
Cb E Clipl:( Round( ( (1 <¢BitDepth.)-1)*E'pg+ (1 << (BitDepth;-1)))) 37
Cr £ Clipl¢( Round( ({(T<< BitDepth;) - 1) *E'pp + (1 << ( BitDepth.-1)))) (38)
— Otherwise, if MatrixCoefficients is equal to 2, the interpretation of the MatrixCoefficients code
point is unknown or is determined by the application.
— Otherwise (MatrixCoefficients is notequal to 0, 1, 2,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 1§, 16, or
17), the interpretation of the MatrixCoefficients code point is reserved for future definition

by ITU-T | ISO/IEC.

When MatrixCoefficients is equal to 1, 4, 5, 6, 7,9, 10, 11, 12, or 13, the constants K and Ky are specified as
follows:

If MatrixCoefficients is not equal to 12 or 13, the constants Ky and Ky are specified in Table 5.

Otherwise (MatrixCoefficients is equal to 12 or 13), the constants Ky and Ky are computed as follows,

using the chromaticity coordinates (xg, yr), (X¢, Y¢), (X, ¥g), and (xy, Yy) specified by Table 3
ColourPrimaries code point for the red, green, blue, and white colour primaries, respectively:

© ISO/IEC 2025 - All rights reserved
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_YR*(xw "6 *7B Y %6 )*Y w *(Xp *Z6 X6 *Zp )*+Zw *(X6 *YBXB Y ))

(39)
Yyw *(Xr *(VG *2B-YB 26 )*X6 *(VB *ZR YR *2B)+XB " (VR *Z6 Y *ZR ))
_YB (%w "R *76 ¥ *ZR )*Yw *(XG *ZR -XR *ZG ) *Zw *(XR VG X6 YR )) (40)
Yw *(Xr *(V6 *2B Y *Z6 )*X6 *(YB *ZR -YR 2B )*+Xp (VR *Z6 Y *ZR ))
where the values of zy, z;, zg, and zy, are given by pseudocode operations (41) to (44):
zg=1-(xg+ygr) (41)
::1—(XG+yG) (42)
::1—(XB+yB) [43)
=1 - (X + Yy ) (44)

Zyy

The valriables E'y, E'pg, and E'pg (for MatrixCoefficients not equal to 0, 8, 16,0r'17) or Y, Cb, and

Matrix

EI

0

EI

g

Coefficients equal to 0, 8, 16, or 17) are specified as follows.

If MatrixCoefficients is not equal to 0, 8, 10, 11, 13, 14, 15, 16, o117, pseudocode operations
(47) apply:

3=0.5%(E'g-E'y)+(1-Kp) (4
= 0.5% (B~ E'y) + (1-Kg) ¢

E'y is a real number with the value flassociated with nominal black and the value 1 associatg
nominal white. E'pp and E'pp are-¥eal numbers with the value 0 associated with both nomin3
and nominal white. When TransferCharacteristics is not equal to 11 or 12, E'y is a real numb
values in the range of 0 to 1, inclusive. When TransferCharacteristics is not equal to 11 or 12, H
E'pg are real numbers with'yalues in the range of -0.5 to 0.5, inclusive. When TransferCharact
is equal to 11 (IEC 6196632-4), or 12 (Rec. ITU-R BT.1361-0 extended colour gamut system), E
and E'py are real numbers with a larger range not specified in this document.

Otherwise, if MatpixCoefficients is equal to 0, pseudocode operations (48) to (50) apply:

Cr (for

(45) to

5)
6)

7)

ed with
11 black
er with
'pg and
pristics
v E'ppy

Y =|Round( G ) (48)
Cb  Round(B) (49)
Cr = Round( R) (50)
— Otherwise, if MatrixCoefficients is equal to 8 and BitDepth, is equal to BitDepthy, pseudocode opera-
tions (51) to (53) apply:
Y =Round( 0.5*G+0.25*(R+B)) (51)
Cb =Round(0.5*G-0.25*(R+B)) + (1 << (BitDepth.-1)) (52)

© ISO/IEC 2025 - All rights reserved
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Cr =Round( 0.5* (R-B)) + (1 << (BitDepth.-1)) (53)

NOTE 3 A problem has been reported with pseudocode operations (51) to (53), as it has been observed that the
maximum value resulting from pseudocode operations (52) or (53) can be equal to ( 1 << BitDepth, ), which exceeds
the intended range of values for Cb and Cr. A small modification of these pseudocode operations is likely to be
introduced in a future version of this document to address the issue.

For purposes of the YCgCo nomenclature used in Table 5, Cb and Cr of pseudocode operations (52) and (53)
may be referred to as Cg and Co, respectively. An appropriate inverse conversion for pseudocode op-
erations (51) to (53) is given in pseudocode operations (54) to (57):

t=f - (Cb-(1<<(BitDepthc-1))) 4)
G =[Clip1,( Y + (Cb - ( 1 << ( BitDepthc-1)))) (35)
B =|Clip1,( t - (Cr - (1 << (BitDepthc-1)))) (36)
R ={Cliply(t+ (Cr - (1 << (BitDepthe-1)))) (37)

— Otherwise, MatrixCoefficients is equal to 8, 16, or 17, pseudocode operations (58) to (61) apply:

Cr £ Round(R) - Round( B) + (1 << ( BitDepth, - 1)) (58)
t=Round(B)+ ((Cr-(1<<(BitDepthc-1)))>>1) (59)
Cb E Round( G ) - t + (1 << ( BitDepth. - 1)) (d0)
Y =[t+ ((Cb - (1 << (BitDepth.-1)))>> 19 @1)

For purposes of the YCgCo nomenclatute used in Table 5, Cb and Cr of pseudocode operations (60) and (58)
may be referred to as Cg and Cojrespectively. An appropriate inverse conversion for pseudocpde op-
erations (58) to (61) is giventin pseudocode operations (62) to (65):

t=)F-((Cb-(1<<(BitDepthc-1)))>>1) (42)
G =|Clip3( 0, MaxValpgp, t + (Cb - (1 << ( BitDepth-1)))) 43)
B =|Clip3( 0,MaxValp;g, t— ((Cr-(1<<(BitDepth,-1)))>>1)) (a4)
R = Clip3( 0, MaxValp;g, B+ (Cr - (1 << ( BitDepth:-1)))) (65)

— Otherwise, if MatrixCoefficients is equal to 10 or 13, the signal E'y is determined by application of the
transfer characteristics function as given in pseudocode operations (66) and (67), and pseudocode
operations (68) to (75) apply for specification of the signals E'pg and E'pp:

Ey=Kgp*Eg+(1-Kp-Kp)*Eg+Kp*Ep (66)

E'y = (Ey) (67)

© ISO/IEC 2025 - All rights reserved
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In this case, Ey is defined from the "linear-domain" signals for Ey, E;, and E, prior to application of the
transfer characteristics function, which is then applied to produce the signal E'y. Ey and E'y are real
values with the value 0 associated with nominal black and the value 1 associated with nominal white.

E'p

E'bg=(E'5-E'y)+(2*Ng)for-Ng<=E'z;-E'y <=0 (68)
E'pg=(E'g-E'y)+(2*Pg)for0<E'g - E'y<=Py (69)
E'pr = (E'r = E'y) + (2*Ng) for -Np <= E'g - E'y <=0 (70)
k= (E'rR—E'y)+(2*Pg)for0<E'p - E'y <=Py ()
where the constants N, Pg, Ny, and Py are determined by application of the transferieharactgristics
function to expressions involving the constants Ky and Ky as given in pseudocode opexations (72) fto (75):
- (1-Kp)' R
£ 1- (Kg)' (73)
= (1-Kg)' (1
=1 - (Kg)' (75)

Otherwise, if MatrixCoefficients is equal to 11, psédidocode operations (76) to (78) apply:

- EIG (—
L= (0986566 *E'y - E'y) + 2.0 (7
L = (0991902 *E'y) + 2.0 (7

In this case, for purposesjof the Y'D’,D’y nomenclature used in Table 5, E'pz may be referred t
and E'pg may be referred to as D'y.

Otherwise, if MatpixCoefficients is equal to 14, the following applies:

— If TrdnsferCharacteristics is not equal to 18, pseudocode operations (79) to (81) apply:

6)
7)

8)

!
bas D',

E'y|= 0.5 %CE +E'y) (719)

E'ph={6610*E, ~13613*E',,+7 003 *E's) + 4 096 (d0)

E'pr=(17933 *E' =17 390 *E’; - 543 *E'g) + 4 096 (81)
— Otherwise, pseudocode operations (82) to (84) apply:

E'y=05*(E'L+E'Yy) (82)

E'pg=(3625*E' -7465*E',,+3840*E's) +4 096

© ISO/IEC 2025 - All rights reserved
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(84)

In these cases, for purposes of the IC;Cp nomenclature used in Table 5, E'y, E'p, and E'p; of pseudocode
operations (79), (80), and (81) or pseudocode operations (82), (83), and (84) may be referred to as I,
Ct, and Cp, respectively. pseudocode operations (79), (80), and (81) were designed specifically for use
with TransferCharacteristics equal to 16 (PQ), and pseudocode operations (82), (83), and (84) were
designed specifically for use with TransferCharacteristics equal to 18 (HLG).

Otherwise (MatrixCoefficients is equal to 15), pseudocode operations (85) to (87) apply:

Y

E'y={(1638*E" +1638*E" +820*E' }-4006 (85)
E'p=(18248*E', -19870*E'y + 1622 *E's) + 4096 (86)
E'pk=(3300*E" +1463*E'y-4763*E'g)+4096 87)

In this case, for purposes of the IPT nomenclature used in Table 5, E'y, E/3p, and E'py of pseul
operations (85), (86), and (87) may be referred to as I, P, and T, respectively.

Table 5 — Interpretation of the matrix coefficients{(MatrixCoefficients) value

docode

Valde |Matrix coefficients

Informative remarks

0 Identity

The identity matrix.

Typically used for GBR (often referred to as RGB); however, may al{
used for YZX (often'referred to as XYZ);

IEC 61966-2-15RGB
SMPTE ST 428-1 (2019)
See psetidocode operations (48) to (50)

o be

1 Kg = 0.2126; Ky = 0.0722

Rec:FFU-R BT.709-6

Rec. ITU-R BT.1361-0 conventional colour gamut system and exten
eolour gamut system (historical)

SMPTE RP 177 (1993) Annex B
See pseudocode operations (45) to (47)

Hed

Unspecified

Image characteristics are unknown or are determined by the appli

cation

Reserved

For future use by ITU-T | ISO/IEC

Kg = 0.302K¢ = 0.11

United States Federal Communications Commission Title 47 Code d
eral Regulations (2003) 73.682 (a) (20)

See pseudocode operations (45) to (47)

f Fed-

5 Rg=0.299; Kp = 0.114

Rec. ITU-R BT.470-6 System B, G (historical)
Rec. ITU-R BT.601-7 625

Rec ITU-RBT-1358-0625 (historicat)

Rec. ITU-R BT.1700-0 625 PAL and 625 SECAM
IEC 61966-2-1 sYCC

IEC 61966-2-4 xvYCCg(q

(functionally the same as the value 6)

See pseudocode operations (45) to (47)
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Table 5 (continued)
Value |Matrix coefficients Informative remarks
6 Kr=0.299; Kg = 0.114 Rec. ITU-R BT.601-7 525
Rec. ITU-R BT.1358-1 525 or 625 (historical)
Rec. ITU-R BT.1700-0 NTSC
SMPTE ST 170 (2004)
(functionally the same as the value 5)
See pseudocode operations (45) to (47)
7 Kgr=0.212; K5 = 0.087 SMPTE ST 240 (1999)
See-psendocode-operations{4ote{473
8 YCgCo or YCgCo-R See pseudocode operations (51) to (57) for YCgCo (when BitDepth{ is
equal to BitDepthy)
See pseudocode operations (58) to (65) for YCgCo-R (when BitDepth is
equal to BitDepthy + 1)
9 Kr=0.2627; Kz = 0.0593 Rec. ITU-R BT.2020-2 (non-constant luminance)
Rec. ITU-R BT.2100-2 Y'CbCr
See pseudocode operations (45) to (47)
10 K =0.2627; K5 =0.0593 Rec.ITU-RBT.2020-2 (constant luminance)
See pseudocode operations (66) to (75])
11 Y'D’,D'y SMPTE ST 2085 (2015)
See pseudocode operations (76) t0)[78)
12 See pseudocode opera- Chromaticity-derived non-constant luminance system
tions (39) to (44) See pseudocode operationg’(45) to (47)
13 See pseudocode opera- Chromaticity-derived censtant luminance system
tions (39) to (44) See pseudocode operations (66) to (75)
14 1C;Cp Rec. ITU-R BT.2100-2 IC;Cp
See pseudocade’operations (79) to (81) for TransferCharacteristicg value
16 (PQ)
See pseudocode operations (82) to (84) for TransferCharacteristic$ value
18 (HLG)
15 IPT-C2 Colour representation developed in SMPTE as IPT-PQ-C2.
See pseudocode operations (85) to (87)
16 YCgCo-Re See pseudocode operations (58) to (65)
17 YCgCo-Ro See pseudocode operations (58) to (65)
18 to 255 |Reserved For future use by ITU-T | ISO/IEC
NOTE In a previous”edition of this document, the IEC 61966-2-1 sYCC representation was ident|fied as
corresponding to MattixCoefficients equal to 1. Closer study later determined that this representation| should
correspond to MatrikCoefficients equal to 5 instead (which is functionally the same as the value 6). This dqcument
was therefore reyised to correct the error.
8.4 Videéodrame packing type

Type:

TISIgTed Integer, enumeration

Range: 0 to 15, inclusive, plus associated flag

VideoFramePackingType indicates the type of packing arrangement used in video frames as specified in
Table 6. A flag, QuincunxSamplingFlag, may be supplied with this code point (see below).

QuincunxSamplingFlag indicates whether a quincunx sampling structure is used in the frame packed video
representation. When not present or not specified, the value 0 for QuincunxSamplingFlag would ordinarily
be inferred as the default value for packed video imagery.
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Table 6 — Definition of VideoFramePackingType

Value Interpretation
0 Each component plane of the decoded frames contains a "checkerboard" based interleaving of
corresponding planes of two constituent frames as illustrated in Figure 2
1 Each component plane of the decoded frames contains a column-based interleaving of
corresponding planes of two constituent frames as illustrated in Figure 3
2 Each component plane of the decoded frames contains a row-based interleaving of corresponding planes
of two constituent frames as illustrated in Figure 4
3 Each component plane of the decoded frames contains a side-by-side packing arrangement of
corresponding planes of two constituent frames as illustrated in Figure 5 and Figure 7
4 Each component plane of the decoded frames contains top-bottom packing arrangement of
corresponding planes of two constituent frames as illustrated in Figure 6
5 The component planes of the decoded frames in output order form a temporal interleaving of
alternating first and second constituent frames as illustrated in Figure 8
6 The decoded frame constitutes a complete 2D frame without any frame packing (see NOTE 4).
NOTE 1] Figure 2 to Figure 7 provide typical examples of rearrangement and upconversien processing for(|various
packing arrangement schemes. In Figure 2 to Figure 7, an upconversion processing is/performed on each conptituent
frame tp produce frames having the same resolution as that of the decoded framexAh example of the upsampling
method|to be applied to a quincunx sampled frame as shown in Figure 2 or Figure(7 is to fill in missing positigns with
an averpge of the available spatially neighbouring samples (the average of thewvalues of the available samplef above,
below, to the left and to the right of each sample to be generated). The actual upconversion process to be performed, if
any, is qutside the scope of this document.
NOTE 2| Sample aspect ratio (SAR) is expected to be signalled appropriately to describe the intended hofizontal
distancp between the columns and the intended vertical distance between the rows of the luma sample arrdy in the
decodedl frame. For the typical examples in Figure 2 and Figure 4with an SAR of 1:1 for the upconverted coloyr plane,
hg an SAR of 1:1 is appropriate. For the typical exampleés in Figure 5 and Figure 7 with an SAR of 1:1 for the

signalli
upconv
NOTE 3

NOTE 4
in 3D sd

All oth

VideoFramePackingType equal to 5 describes a temporal interleaving process of different frames.

VideoFramePackingType equal to 6is-used to signal the presence of 2D content (that is not frame
rvices that use a mix of 2D and 3D content.

br values of VideoFramePackingType are reserved for future use by ITU-T | ISO/IEC.

erted colour plane, signalling an SAR of 2:1 is appropriate. For the typical example in Figure 6 with aip SAR of
1:1 for ghe upconverted colour plane, signalling an SAR of $:2 is appropriate.

packed)
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Figure 2 — Rearrangement and upconversion flowchart for)checkerboard interleaving
(VideoFramePackingType equal to 0)
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Figure 3 — Rearrangement and upconversion flowchart for column interleaving
(VideoFramePackingType equal to 1 with QuincunxSamplingFlag equal to 0)
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Figure 4 — Rearrangement and upconversion flowchart for row interleaving
(VideoFramePackingType equal to 2 with QuincunxSamplingFlag equal to 0)
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(VideoFramePackingType equal to 3 with QuincunxSamplingFlag equal to 0)
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Figure 6 — Rearrangement and upconversion flowchart for,top-bottom packing arrangemgent
(VideoFramePackingType equal to 4 with QuincunxSamplingFlag equal to 0)
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Figure 7 — Rearrangement and upconversion flowchart for side-by-side packing arrangement with
quincunx sampling (VideoFramePackingType equal to 3 with
QuincunxSamplingFlag equal to 1)

© ISO/IEC 2025 - All rights reserved
23


https://standardsiso.com/api/?name=1e584fb280c57123c5250e2ec55bbb68

ISO/IEC 23091-2:2025(en)

2N+ 2
Sequen‘tlallydec.jodedframesw1th 2N ‘o|o|o|o|o|o olo
a temporal interleaving frame arrangement olo
2N +3 olo|o|o|o|o|o]|o oTo
0|0|0|0|0|0|0O|O olo/| | Samples of colour
X[ x| X X[ X|X > lo|lo]o|o|o]ofo]o olo component plane
2N +2 X[ X|X]|x X | X|X o|lo|o|o|o|o|o|o olo of constituent
x| x olo|o|ololo|o]o frames 0
©|0jolojojolo]o XX olO0|O0|O|O|O|O|O o010
2N+1 olo|olo|o]olo]o oo
oo XX oOlO0|jO0|O|O|O|O|O
X X|X|X|X]|X]|X X | X oOlo0jO0O|jO|O|O|O|O
2N o|o Temporal
X X|X|X|X[X]X XX — infnrlnnvihg =
XX X]X decompositi
olo position
o oOlO0|O0|O|0O]|O <1 x 2N +3
¢} olo|o|o|o|0O % o|o
(o] O|lO0O|O0|O|O|O | x 0|0 2N +1 ‘X|X|X|X|X|XXX
(e} oO|O0|O0|O|0O|O X | x X | X
o olololololo X, X|X[X[X|X|X|X]|X ol )
X | X
o o|ojojojo|o XXX XX XXX XX'Samplesofclour
o] ojo|o|o|o]|O —> XXXXXXXX( x| x | | component plane
0 o|olo|ofo|o XXX XX XXX X | x of constitufent
xxxxxxxx)xx frames
X[ X | X | X | X | XXX I x
X|X[X[X|X{X})X]|X
X | X | X | XX Px | x | x /

(VideoFramePackingType equal to 5)

8.5 Racked video content interpretation
Type: Unsigned integer, enumeration

Range:|0 to 15, inclusive

Figure 8 — Rearrangement flowchart for temporal interleaving frame arrangement

PackedContentIlnterpretationType indicdtes the intended interpretation of the constituent frames as
specifigd in Table 7. Values of PackedContentInterpretationType that do not appear in Table 7 are rgserved

for futyre specification by ITU-T | ISO/IEC.

NOTE 1]  All currently specifiedpacked content interpretation types are for purposes relating t
imagery.

o stereoscopjic video

For eadh specified frame packing arrangement scheme, there are two constituent frames that are referred to

as frame 0 and frame/T:

Table 7 — Definition of PackedContentInterpretationType

Valup Interpretation
0 Unspecified relationship between the frame packed constituent frames
1 Indicates that the two constituent frames form the left and right views of a stereo view scene, with frame

0 being associated with the left view and frame 1 being associated with the right view

2 Indicates that the two constituent frames form the right and left views of a stereo view scene, with frame
0 being associated with the right view and frame 1 being associated with the left view

NOTE 2  The value 2 for PackedContentInterpretationType is not expected to be prevalent in industry use. However,

the value was specified herein for purposes of completeness.

8.6 Sample aspect ratio

Type: Unsigned integer, enumeration
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