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Abstract

This working draft specifies an additional colour description indicator for HEVC, to indicate the use of the ICTCP colour representation as specified in the ITU-R Draft New Recommendation BT.[HDR-TV]. Text for some changes that are related to ITU-R BT.[HDR-TV] but are not specifically for the ICTCP colour representation are also included. This includes a modification of the scaling previously specified for transfer_characteristics equal to 16 (PQ) when video_full_range_flag is equal to 1 (since this scaling is normatively specified in BT.[HDR-TV]).
Relevant modifications to the HEVC text are highlighted in red below (relative to a recent draft version). Automatically-generated changes of equation numbers and informative note numbers are not highlighted.

Since this document was drafted prior to finalization of an upcoming new edition of the HEVC text specification (version 3 in ISO/IEC, version 4 in ITU-T), some further harmonization of editorial details may be needed.

In Annex E, replace the semantics of video_full_range_flag, colour_description_present_flag, colour_primaries, transfer_characteristics, and matrix_coeffs, including Tables E.3, E.4, and E.5, with the following:
video_full_range_flag indicates the black level and range of the luma and chroma signals as derived from E′Y, E′PB, and E′PR or E′R, E′G, and E′B real-valued component signals.

When the video_full_range_flag syntax element is not present, the value of video_full_range_flag is inferred to be equal to 0.
colour_description_present_flag equal to 1 specifies that colour_primaries, transfer_characteristics, and matrix_coeffs are present. colour_description_present_flag equal to 0 specifies that colour_primaries, transfer_characteristics, and matrix_coeffs are not present.

colour_primaries indicates the chromaticity coordinates of the source primaries as specified in Table E.3 in terms of the CIE 1931 definition of x and y as specified in ISO 11664-1.

When the colour_primaries syntax element is not present, the value of colour_primaries is inferred to be equal to 2 (the chromaticity is unspecified or is determined by the application). Values of colour_primaries that are identified as reserved in Table E.3 are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall interpret reserved values of colour_primaries as equivalent to the value 2.

Table E.3 – Colour primaries interpretation using colour_primaries syntax element
	Value
	Primaries
	Informative Remark

	0
	Reserved
	For future use by ITU‑T | ISO/IEC

	1
	primary
x
y

green
0.300
0.600

blue
0.150
0.060

red
0.640
0.330

white D65
0.3127
0.3290
	Rec. ITU‑R BT.709-6
Rec. ITU-R BT.1361-0 conventional colour gamut system and extended colour gamut system (historical)
IEC 61966-2-1 sRGB or sYCC

IEC 61966-2-4

Society of Motion Picture and Television Engineers RP 177 (1993) Annex B

	2
	Unspecified
	Image characteristics are unknown or are determined by the application.

	3
	Reserved
	For future use by ITU‑T | ISO/IEC

	4
	primary
x
y

green
0.21
0.71

blue
0.14
0.08

red
0.67
0.33

white C
0.310
0.316
	Rec. ITU‑R BT.470‑6 System M (historical)

United States National Television System Committee 1953 Recommendation for transmission standards for colour television

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

	5
	primary
x
y

green
0.29
0.60

blue
0.15
0.06

red
0.64
0.33

white D65
0.3127
0.3290
	Rec. ITU‑R BT.470‑6 System B, G (historical)

Rec. ITU‑R BT.601‑6 625

Rec. ITU‑R BT.1358-1 625 (historical)
Rec. ITU‑R BT.1700 625 PAL and 625 SECAM

	6
	primary
x
y

green
0.310
0.595

blue
0.155
0.070

red
0.630
0.340

white D65
0.3127
0.3290
	Rec. ITU‑R BT.601‑6 525

Rec. ITU‑R BT.1358-1 525 (historical)
Rec. ITU‑R BT.1700 NTSC

Society of Motion Picture and Television Engineers 170M (2004)

(functionally the same as the value 7)

	7
	primary
x
y

green
0.310
0.595

blue
0.155
0.070

red
0.630
0.340

white D65
0.3127
0.3290
	Society of Motion Picture and Television Engineers 240M (1999)

(functionally the same as the value 6)

	8
	primary
x
y

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
	Generic film (colour filters using Illuminant C)

	9
	primary
x
y

green
0.170
0.797

blue
0.131
0.046

red
0.708
0.292

white D65
0.3127
0.3290
	Rec. ITU-R BT.2020-2
Rec. ITU-R BT.[HDR-TV]

	10
	primary
x
y

green (Y)
0.0
1.0

blue (Z)
0.0
0.0

red (X)
1.0
0.0

centre white
1 ÷ 3
1 ÷ 3
	Society of Motion Picture and Television Engineers ST 428-1

(CIE 1931 XYZ)

	11
	primary
x
y

green
0.265
0.690

blue
0.150
0.060

red
0.680
0.320

white
0.314
0.351
	Society of Motion Picture and Television Engineers RP 431-2 (2011)

	12
	primary
x
y

green
0.265
0.690

blue
0.150
0.060

red
0.680
0.320

white D65
0.3127
0.3290
	Society of Motion Picture and Television Engineers EG 432-1 (2010)

	13..21
	Reserved
	For future use by ITU‑T | ISO/IEC

	22
	primary
x
y

green
0.295
0.605

blue
0.155
0.077

red
0.630
0.340

white D65
0.3127
0.3290
	EBU Tech. 3213-E (1975)

	23..255
	Reserved

	For future use by ITU‑T | ISO/IEC


transfer_characteristics, as specified in Table E.4, either indicates the reference opto-electronic transfer characteristic function of the source picture as a function of a source input linear optical intensity Lc with a nominal real-valued range of 0 to 1 or indicates the inverse of the reference electro-optical transfer characteristic function as a function of an output linear optical intensity Lo with a nominal real-valued range of 0 to 1. For interpretation of entries in Table E.4 that are expressed in terms of multiple curve segments parameterized by the variable ( over a region bounded by the variable ( or by the variables ( and (, the values of ( and ( are defined to be the positive constants necessary for the curve segments that meet at the value ( to have continuity of value and continuity of slope at the value (, and the value of (, when applicable, is defined to be the positive constant necessary for the associated curve segments to meet at the value (. For example, for transfer_characteristics equal to 1, 6, 11, 14, or 15, ( has the value 1 + 5.5 * ( = 1.099 296 826 809 442… and ( has the value 0.018 053 968 510 807....

When video_full_range_flag is equal to 1 and either or both of the following conditions apply, transfer_characteristics shall not be equal to 16 or 18:
–
BitDepthY is less than 10.
–
chroma_format_idc is not equal to 0 (monochrome) and BitDepthC is less than 10.

When the transfer_characteristics syntax element is not present, the value of transfer_characteristics is inferred to be equal to 2 (the transfer characteristics are unspecified or are determined by the application). Values of transfer_characteristics that are identified as reserved in Table E.4 are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall interpret reserved values of transfer_characteristics as equivalent to the value 2.

NOTE 5 – As indicated in Table E.4, some values of transfer_characteristics are defined in terms of a reference opto-electronic transfer characteristic function and others are defined in terms of a reference electro-optical transfer characteristic function, according to the convention that has been applied in other Specifications. In the cases of Rec. ITU-R BT.709-6 and Rec. ITU-R BT.2020-2 (which may be indicated by transfer_characteristics equal to 1, 6, 14, or 15), although the value is defined in terms of a reference opto-electronic transfer characteristic function, a suggested corresponding reference electro-optical transfer characteristic function for flat panel displays used in HDTV studio production has been specified in Rec. ITU-R BT.1886.
Table E.4 – Transfer characteristics interpretation using transfer_characteristics syntax element
	Value
	Transfer Characteristic
	Informative Remark

	0
	Reserved
	For future use by ITU‑T | ISO/IEC

	1
	V = ( * Lc0.45 − ( ( − 1 )
for 1  >=  Lc  >=  (
V = 4.500 * Lc
for ( > Lc  >=  0
	Rec. ITU‑R BT.709-6
Rec. ITU‑R BT.1361-0 conventional colour gamut system (historical)
(functionally the same as the values 6, 14, and 15; the value 1 is preferred)

	2
	Unspecified
	Image characteristics are unknown or are determined by the application.

	3
	Reserved
	For future use by ITU‑T | ISO/IEC

	4
	Assumed display gamma 2.2
	Rec. ITU‑R BT.470‑6 System M (historical)

United States National Television System Committee 1953 Recommendation for transmission standards for colour television

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

Rec. ITU‑R BT.1700 (2007 revision) 625 PAL and 625 SECAM

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

	6
	V = ( * Lc0.45 − ( ( − 1 ) 
for 1  >=  Lc  >=  (
V = 4.500 * Lc
for ( > Lc  >=  0
	Rec. ITU‑R BT.601‑6 525 or 625

Rec. ITU‑R BT.1358-1 525 or 625 (historical)
Rec. ITU‑R BT.1700 NTSC

Society of Motion Picture and Television Engineers 170M (2004)

(functionally the same as the values 1, 14, and 15; the value 1 is preferred)

	7
	V = ( * Lc0.45 − ( ( − 1 )
for 1  >=  Lc  >=  (
V = 4.0 * Lc
for ( > Lc  >=  0
	Society of Motion Picture and Television Engineers 240M (1999)

	8
	V = Lc
for all values of Lc
	Linear transfer characteristics

	9
	V = 1.0 + Log10( Lc ) ÷ 2 
for 1  >=  Lc  >=  0.01

V = 0.0
for 0.01 > Lc  >=  0
	Logarithmic transfer characteristic (100:1 range)

	10
	V = 1.0 + Log10( Lc ) ÷ 2.5 
for 1 >= Lc >= Sqrt( 10 ) ( 1000

V = 0.0
for Sqrt( 10 ) ( 1000 > Lc  >=  0
	Logarithmic transfer characteristic (100 * Sqrt( 10 ) : 1 range)

	11
	V = ( * Lc0.45 − ( ( − 1 )
for Lc  >=  (
V = 4.500 * Lc
for ( > Lc > −(
V = −( * ( −Lc )0.45 + ( ( − 1 )
for −(  >=  Lc
	IEC 61966-2-4

	12
	V = ( * Lc0.45 − ( ( − 1 )
for 1.33 > Lc  >=  (
V = 4.500 * Lc
for ( > Lc  >=  −(
V = −( ( * ( −4 * Lc )0.45 − ( ( − 1 ) ) ÷ 4
for −( > Lc  >=  −0.25
	Rec. ITU‑R BT.1361-0 extended colour gamut system (historical)

	13
	V = ( * Lc( 1 ÷ 2.4 ) − ( ( − 1 ) 
for 1  >=  Lc  >=  (
V = 12.92 * Lc
for  ( > Lc  >=  0
	IEC 61966-2-1 sRGB or sYCC

	14
	V =( * Lc0.45 − ( ( − 1 )
for 1  >=  Lc  >=  (
V = 4.500 * Lc
for  ( > Lc  >=  0
	Rec. ITU-R BT.2020-2
(functionally the same as the values 1, 6, and 15; the value 1 is preferred)

	15
	V =( * Lc0.45 − ( ( − 1 )
for 1  >=  Lc  >=  (
V = 4.500 * Lc
for ( > Lc  >=  0
	Rec. ITU-R BT.2020-2
(functionally the same as the values 1, 6, and 14; the value 1 is preferred)

	16
	V = ( ( c1 + c2 * Lon ) ÷ ( 1 + c3 * Lon ) )m
for all values of Lo
c1 = c3 − c2 + 1 = 3424 ÷ 4096 = 0.8359375

c2 = 32 * 2413 ÷ 4096 = 18.8515625

c3 = 32 * 2392 ÷ 4096 = 18.6875

m = 128 * 2523 ÷ 4096 = 78.84375

n = 0.25 * 2610 ÷ 4096 = 0.1593017578125

for which Lo equal to 1 for peak white is ordinarily intended to correspond
to a reference output luminance level of 10 000 candelas per square metre
	Society of Motion Picture and Television Engineers ST 2084 for 10, 12, 14, and 16-bit systems
Rec. ITU-R BT.[HDR-TV] perceptual quantization (PQ) system

	17
	V = ( 48 * Lo ÷ 52.37 )( 1 ÷ 2.6 )
for all values of Lo
for which Lo equal to 1 for peak white is ordinarily intended to correspond
to a reference output luminance level of 48 candelas per square metre
	Society of Motion Picture and Television Engineers ST 428-1

	18
	V = a * Ln( 12 * Lc − b ) + c
for 1  >=  Lc > 1 ÷ 12
V = Sqrt( 3 ) * Lc0.5
for 1 ÷ 12  >=  Lc  >=  0

a = 0.17883277
b = 0.28466892
c = 0.55991073
	Association of Radio Industries and Businesses (ARIB) STD-B67
Rec. ITU-R BT.[HDR-TV] hybrid log-gamma (HLG) system

	19..255
	Reserved
	For future use by ITU‑T | ISO/IEC


NOTE 6 – For transfer_characteristics equal to 18, the equations given in Table E.4 are normalized for a source input linear optical intensity Lc with a nominal real-valued range of 0 to 1. An alternative scaling that is mathematically equivalent is used in ARIB STD-B67 with the source input linear optical intensity having a nominal real-valued range of 0 to 12.
matrix_coeffs describes the matrix coefficients used in deriving luma and chroma signals from the green, blue, and red, or Y, Z, and X primaries, as specified in Table E.5.

matrix_coeffs shall not be equal to 0 unless one or more of the following conditions are true:

–
BitDepthC is equal to BitDepthY.

–
chroma_format_idc is equal to 3 (4:4:4 chroma format).

The specification of the use of matrix_coeffs equal to 0 under all other conditions is reserved for future use by ITU‑T | ISO/IEC.

matrix_coeffs shall not be equal to 8 unless one of the following conditions is true:

–
BitDepthC is equal to BitDepthY,

–
BitDepthC is equal to BitDepthY + 1 and chroma_format_idc is equal to 3 (4:4:4 chroma format).

The specification of the use of matrix_coeffs equal to 8 under all other conditions is reserved for future use by ITU‑T | ISO/IEC.

When the matrix_coeffs syntax element is not present, the value of matrix_coeffs is inferred to be equal to 2 (unspecified).

The interpretation of matrix_coeffs, together with colour_primaries and transfer_characteristics, is specified by the equations below.

NOTE 7 – For purposes of YZX representation when matrix_coeffs is equal to 0, the symbols R, G, and B are substituted for X, Y, and Z, respectively, in the following descriptions of Equations E‑1 to E‑3, E‑13 to E‑15, E‑22 to E‑24, E‑25 to E‑27, and E‑37 to E‑39.

ER, EG, and EB are defined as "linear-domain" real-valued signals based on the indicated colour primaries before application of the transfer characteristics function.
Nominal peak white is specified as having ER equal to 1, EG equal to 1, and EB equal to 1.

Nominal black is specified as having ER equal to 0, EG equal to 0, and EB equal to 0.

The application of the transfer characteristics function is denoted by ( x )′ for an argument x.
–
If matrix_coeffs is not equal to 14, the signals E′R, E′G, and E′B are determined by application of the transfer characteristics function as follows:

E′R = ( ER )′

(E‑1)

E′G = ( EG )′

(E‑2)

E′B = ( EB )′

(E‑3)

In this case, the range of E′R, E′G, and E′B is specified as follows:

–
If transfer_characteristics is not equal to 11 or 12, E′R, E′G, and E′B are real numbers with values in the range of 0 to 1, inclusive.

–
Otherwise, (transfer_characteristics is equal to 11 or 12), E′R, E′G and E′B are real numbers with a larger range not specified in this Specification.
–
Otherwise (matrix_coeffs is equal to 14), the "linear-domain" real-valued signals EL, EM, and ES are determined as follows:
EL = ( 1688 * ER + 2146 * EG + 262 * EB ) ÷ 4096

(E‑4)

EM = ( 683 * ER + 2951 * EG + 462 * EB ) ÷ 4096

(E‑5)

ES = ( 99 * ER + 309 * EG + 3688 * EB ) ÷ 4096

(E‑6)


In this case, the signals E′L, E′M, and E′S are determined by application of the transfer characteristics function as follows:
E′L = ( EL )′


(E‑7)

E′M = ( EM )′


(E‑8)

E′S = ( ES )′


(E‑9)

[Ed. Note: An alternative approach to the method of handling EL, EM, and ES as specified above, which may be mathematically "cleaner" (although it would require using a different colour_primaries indicator value for ICTCP from that used for Y′CbCr), would be to define the value colour_primaries equal to 13 as a new set of colour primaries that has chromaticity coordinates that are equal to those resulting from use of the Rec. ITU-R BT.2020-2 colour primaries with the transformation matrix that converts the linear signals into the LMS domain. This would eliminate the need to use the matrix_coeffs value to apply a separate set of equations to generate different signals prior to the application of the transfer characteristics.]
[Ed. Note: This text allows matrix_coeffs equal to 14 (which indicates the use of the LMS colour signals) to be combined with any value of colour_primaries and transfer_characteristics.]
The interpretation of matrix_coeffs is specified as follows:

–
If video_full_range_flag is equal to 0, the following applies:

–
If matrix_coeffs is equal to 1, 4, 5, 6, 7, 9, 10, 11, 12, 13, or 14, the following equations apply:

Y = Clip1Y( Round( ( 1  <<  ( BitDepthY − 8 ) ) * ( 219 * E′Y + 16 ) ) )
(E‑10)

Cb = Clip1C( Round( ( 1  <<  ( BitDepthC − 8 ) ) * ( 224 * E′PB + 128 ) ) )
(E‑11)

Cr = Clip1C( Round( ( 1  <<  ( BitDepthC − 8 ) ) * ( 224 * E′PR + 128 ) ) )
(E‑12)

–
Otherwise, if matrix_coeffs is equal to 0 or 8, the following equations apply:

R = Clip1Y( ( 1  <<  ( BitDepthY − 8 ) ) * ( 219 * E′R + 16 ) )
(E‑13)

G = Clip1Y( ( 1  <<  ( BitDepthY − 8 ) ) * ( 219 * E′G + 16 ) )
(E‑14)

B = Clip1Y( ( 1  <<  ( BitDepthY − 8 ) ) * ( 219 * E′B + 16 ) )
(E‑15)

–
Otherwise, if matrix_coeffs is equal to 2, the interpretation of the matrix_coeffs syntax element is unknown or is determined by the application.

–
Otherwise (matrix_coeffs is not equal to 0, 1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14), the interpretation of the matrix_coeffs syntax element is reserved for future definition by ITU‑T | ISO/IEC.

–
Otherwise (video_full_range_flag is equal to 1), the following applies:

–
If matrix_coeffs is equal to 1, 4, 5, 6, 7, 9, 10, 11, 12, 13, or 14, the following equations apply:


–
If transfer_characteristics is not equal to 16 or 18, the following equations apply:



Y = Clip1Y( Round( ( ( 1  <<  BitDepthY ) − 1 ) * E′Y ) )
(E‑16)



Cb = Clip1C( Round( ( ( 1  <<  BitDepthC ) − 1 )  * E′PB + ( 1  <<  ( BitDepthC − 1 ) ) ) )
(E‑17)



Cr = Clip1C( Round( ( ( 1  <<  BitDepthC ) − 1 )  * E′PR + ( 1  <<  ( BitDepthC − 1 ) ) ) )
(E‑18)


–
Otherwise (transfer_characteristics is equal to 16 or 18), the following equations apply:



Y = Clip3( 0, 1023 * ( 1  <<  ( BitDepthY − 10 ) ),



Round( ( 1  <<  BitDepthY ) * E′Y ) )
(E‑19)



Cb = Clip3( 0, 1023 * ( 1  <<  ( BitDepthC − 10 ) ),



Round( ( 1  <<  BitDepthC ) * ( E′PB + 0.5) ) )
(E‑20)



Cr = Clip3( 0, 1023 * ( 1  <<  ( BitDepthC − 10 ) ),



Round( ( 1  <<  BitDepthC ) * ( E′PR + 0.5) ) )
(E‑21)

–
Otherwise, if matrix_coeffs is equal to 0 or 8, the following equations apply:


–
If transfer_characteristics is not equal to 16 or 18, the following equations apply:



R = Clip1Y( ( ( 1  <<  BitDepthY ) − 1 ) * E′R )
(E‑22)



G = Clip1Y( ( ( 1  <<  BitDepthY ) − 1 ) * E′G )
(E‑23)



B = Clip1Y( ( ( 1  <<  BitDepthY ) − 1 ) * E′B )
(E‑24)


–
Otherwise (transfer_characteristics is equal to 16 or 18), the following equations apply:



R = Clip3( 0, 1023 * ( 1  <<  ( BitDepthY − 10 ) ), ( 1  <<  BitDepthY ) * E′R )
(E‑25)



G = Clip3( 0, 1023 * ( 1  <<  ( BitDepthY − 10 ) ), ( 1  <<  BitDepthY ) * E′G )
(E‑26)



B = Clip3( 0, 1023 * ( 1  <<  ( BitDepthY − 10 ) ), ( 1  <<  BitDepthY ) * E′B )
(E‑27)

–
Otherwise, if matrix_coeffs is equal to 2, the interpretation of the matrix_coeffs syntax element is unknown or is determined by the application.

–
Otherwise (matrix_coeffs is not equal to 0, 1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14), the interpretation of the matrix_coeffs syntax element is reserved for future definition by ITU‑T | ISO/IEC. Reserved values for matrix_coeffs shall not be present in bitstreams conforming to this version of this Specification. Decoders shall interpret reserved values of matrix_coeffs as equivalent to the value 2.

NOTE 8 – The clipping shown using the Clip3( ) function in the equations above for interpretation of transfer_characteristics equal to 16 or 18 when video_full_range_flag is equal to 1 is described herein only to show the nominal operating range of the associated signals (cf. Rec. ITU-R BT.[HDR-TV]), not to suggest that clipping to this range should be applied to the colour component sample values of the decoded pictures. When the bit depth for the luma or chroma samples of the decoded picture is greater than 10, the clipping applied to the decoded sample values by the decoding process specified in this Specification uses a larger upper limit.

[Ed. Note: The above text modifies the scaling associated with transfer_characteristics equal to 16 (known as "PQ"), relative to the prior specification text. This change is included herein based on the understanding that the Draft New Recommendation ITU-R BT.[HDR-TV] will not be modified in this regard and that it represents the scaling intended for industry use in this case (since this scaling is normatively specified in the draft text of BT.[HDR-TV]).]
It is a requirement of bitstream conformance to this version of this Specification that when colour_primaries is not equal to 1, 4, 5, 6, 7, 8, 9, 10, 11, 12, or 22, matrix_coeffs shall not be equal to 12 or 13.

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

–
If matrix_coeffs is not equal to 12 or 13, the constants KB and KR are specified in Table E.5.

–
Otherwise (matrix_coeffs is equal to 12 or 13), the constants KR and KB are computed as follows, using the chromaticity coordinates (xR, yR), (xG, yG), (xB, yB), and (xW, yW) specified by Table E.3 for the colour_primaries syntax element for the red, green, blue, and white colour primaries, respectively.

KR = [image: image1.wmf])

)

z

*

y

z

*

y

(

*

x

)

z

*

y

z

*

y

(

*

x

)

z

*

y

z

*

y

(

*

x

(

*

y

)

)

y

*

x

y

*

x

(

*

z

)

z

*

x

z

*

x

(

*

y

)

z

*

y

z

*

y

(

*

x

(

*

y

R

G

G

R

B

B

R

R

B

G

G

B

B

G

R

W

G

B

B

G

W

B

G

G

B

W

G

B

B

G

W

R

-

+

-

+

-

-

+

-

+

-


(E‑28)

KB = [image: image2.wmf])

)

z

*

y

z

*

y

(

*

x

)

z

*

y

z

*

y

(

*

x

)

z

*

y

z

*

y

(

*

x

(

*

y

)

)

y

*

x

y

*

x

(

*

z

)

z

*

x

z

*

x

(

*

y

)

z

*

y

z

*

y

(

*

x

(

*

y

R

G

G

R

B

B

R

R

B

G

G

B

B

G

R

W

R

G

G

R

W

G

R

R

G

W

R

G

G

R

W

B

-

+

-

+

-

-

+

-

+

-


(E‑29)

where the values of zR, zG, zB, and zW, are given by.

zR = 1 − ( xR + yR )

(E‑30)

zG = 1 − ( xG + yG )

(E‑31)

zB = 1 − ( xB + yB )

(E‑32)

zW = 1 − ( xW + yW )

(E‑33)

The variables E′Y, E′PB, and E′PR (for matrix_coeffs not equal to 0 or 8) or Y, Cb, and Cr (for matrix_coeffs equal to 0 or 8) are specified as follows:

–
If matrix_coeffs is not equal to 0, 8, 10, 11, 13, or 14, the following equations apply:

E′Y = KR * E′R + ( 1 − KR − KB ) * E′G + KB * E′B

(E‑34)

E′PB = 0.5 * ( E′B − E′Y ) ÷ ( 1 − KB )

(E‑35)

E′PR = 0.5 * ( E′R − E′Y ) ÷ ( 1 − KR )

(E‑36)

NOTE 9 – E′Y is a real number with the value 0 associated with nominal black and the value 1 associated with nominal white. E′PB and E′PR are real numbers with the value 0 associated with both nominal black and nominal white. When transfer_characteristics is not equal to 11 or 12, E′Y is a real number with values in the range of 0 to 1 inclusive. When transfer_characteristics is not equal to 11 or 12, E′PB and E′PR are real numbers with values in the range of −0.5 to 0.5 inclusive. When transfer_characteristics is equal to 11 or 12, E′Y, E′PB, and E′PR are real numbers with a larger range not specified in this Specification.

–
Otherwise, if matrix_coeffs is equal to 0, the following equations apply:

Y   = Round( G )

(E‑37)

Cb = Round( B )

(E‑38)

Cr = Round( R )

(E‑39)

–
Otherwise, if matrix_coeffs is equal to 8, the following applies:

–
If BitDepthC is equal to BitDepthY, the following equations apply:

Y   = Round( 0.5 * G + 0.25 * ( R + B ) )

(E‑40)

Cb = Round( 0.5 * G − 0.25 * ( R + B ) ) + ( 1  <<  ( BitDepthC − 1 ) )
(E‑41)

Cr = Round( 0.5 * (R − B ) ) + ( 1  <<  ( BitDepthC − 1 ) )
(E‑42)

NOTE 10 – In this case, for purposes of the YCgCo nomenclature used in Table E.5, Cb, and Cr of Equations E‑41 and E‑42 may be referred to as Cg and Co, respectively. An appropriate inverse conversion for equations E‑40 to E‑42 is as follows:

t   = Y − ( Cb − ( 1  <<  ( BitDepthC − 1 ) ) )

(E‑43)

G = Clip1Y( Y + ( Cb − ( 1  <<  ( BitDepthC − 1 ) ) ) )
(E‑44)

B = Clip1Y( t − ( Cr − ( 1  <<  ( BitDepthC − 1 ) ) ) )
(E‑45)

R = Clip1Y( t + ( Cr − ( 1  <<  ( BitDepthC − 1 ) ) ) )
(E‑46)

–
Otherwise (BitDepthC is not equal to BitDepthY), the following equations apply:
Cr = Round( R ) − Round( B ) + ( 1  <<  ( BitDepthC − 1 ) )
(E‑47)

t = Round( B ) + ( ( Cr − ( 1  <<  ( BitDepthC − 1 ) ) )  >>  1 )
(E‑48)

Cb = Round( G ) − t + ( 1  <<  ( BitDepthC − 1 ) )
(E‑49)

Y = t + ( ( Cb − ( 1  <<  ( BitDepthC − 1 ) ) )  >>  1 )
(E‑50)

NOTE 11 – In this case, for purposes of the YCgCo nomenclature used in Table E.5, Cb and Cr of Equations E‑49 and E‑47 may be referred to as Cg and Co, respectively. An appropriate inverse conversion for Equations E‑47 to E‑50 is as follows:
t   = Y − ( ( Cb − ( 1  <<  ( BitDepthC − 1 ) ) )  >>  1 )
(E‑51)

G = Clip1Y( t + ( Cb − ( 1  <<  ( BitDepthC − 1 ) ) ) )
(E‑52)

B = Clip1Y( t − ( ( Cr − ( 1  <<  ( BitDepthC − 1 ) ) )  >>  1 ) )
(E‑53)

R = Clip1Y( B + ( Cr − ( 1  <<  ( BitDepthC − 1 ) ) ) )
(E‑54)

–
Otherwise, if matrix_coeffs is equal to 10 or 13, the signal E′Y is determined by application of the transfer characteristics function as follows: 
EY = KR * ER + ( 1 − KR − KB ) * EG + KB * EB

(E‑55)

E′Y = ( EY )′


(E‑56)

NOTE 12 – In this case, EY is defined from the "linear-domain" signals for ER, EG, and EB, 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.

while the signals E′PB and E′PR are determined as follows:
E′PB = ( E′B − E′Y ) ÷ ( 2 * NB )
for − NB  <=  E′B − E′Y  <=  0
(E‑57)

E′PB = ( E′B − E′Y ) ÷ ( 2 * PB )
for 0 < E′B − E′Y  <=  PB
(E‑58)

E′PR = ( E′R − E′Y ) ÷ ( 2 * NR )
for − NR  <=  E′R − E′Y   <=  0
(E‑59)

E′PR = ( E′R − E′Y ) ÷ ( 2 * PR )
for 0 < E′R − E′Y   <=  PR
(E‑60)


where the constants NB, PB, NR, and PR are determined by application of the transfer characteristics function to expressions involving the constants KB and KR as follows:

NB = ( 1 − KB )′

(E‑61)

PB = 1 − ( KB )′ 

(E‑62)

NR = ( 1 − KR )′

(E‑63)

PR = 1 − (  KR )′

(E‑64)

–
Otherwise, if matrix_coeffs is equal to 11, the following equations apply:
E′Y = E′G


(E‑65)

E′PB = 0.5 * ( 0.986566 * E′B − E′Y )

(E‑66)

E′PR = 0.5 * ( E′R − 0.991902 * E′Y )

(E‑67)

NOTE 13 – In this case, for purposes of the Y′D′ZD′X nomenclature used in Table E.5, E′PB may be referred to as D′Z and E′PR may be referred to as D′X.
–
Otherwise (matrix_coeffs is equal to 14), the following equations apply:

E′Y = 0.5 * ( E′L + E′M )

(E‑68)

E′PB = ( 6610 * E′L − 13613 * E′M + 7003 * E′S ) ÷ 4096
(E‑69)

E′PR = ( 17933 * E′L − 17390 * E′M − 543 * E′S ) ÷ 4096
(E‑70)

NOTE 14 – In this case, for purposes of the ICTCP nomenclature used in Table E.5, E′Y, E′PB, and E′PR of Equations E‑68, E‑69, and E‑70 may be referred to as I, CT, and CP, respectively.
Table E.5 – Matrix coefficients interpretation using matrix_coeffs syntax element
	Value
	Matrix
	Informative remark

	0
	Identity
	The identity matrix.

Typically used for GBR (often referred to as RGB); however, may also be used for YZX (often referred to as XYZ)
IEC 61966-2-1 sRGB

Society of Motion Picture and Television Engineers ST 428-1

See Equations E‑37 to E‑39

	1
	KR = 0.2126; KB = 0.0722
	ITU‑R Rec. BT.709-6

ITU‑R Rec. BT.1361-0 conventional colour gamut system and extended colour gamut system (historical)
IEC 61966-2-1 sYCC

IEC 61966-2-4 xvYCC709
Society of Motion Picture and Television Engineers RP 177 (1993) Annex B
See Equations E‑34 to E‑36

	2
	Unspecified
	Image characteristics are unknown or are determined by the application.

	3
	Reserved
	For future use by ITU‑T | ISO/IEC

	4
	KR = 0.30;   KB = 0.11
	United States Federal Communications Commission Title 47 Code of Federal Regulations (2003) 73.682 (a) (20)
See Equations E‑34 to E‑36

	5
	KR = 0.299; KB = 0.114
	ITU‑R Rec. BT.470‑6 System B, G (historical)

ITU‑R Rec. BT.601‑6 625

ITU‑R Rec. BT.1358-1 625 (historical)
ITU‑R Rec. BT.1700 625 PAL and 625 SECAM

IEC 61966-2-4 xvYCC601
(functionally the same as the value 6)

See Equations E‑34 to E‑36

	6
	KR = 0.299; KB = 0.114
	ITU‑R Rec. BT.601‑6 525

ITU‑R Rec. BT.1358-1 525 (historical)
ITU‑R Rec. BT.1700 NTSC

Society of Motion Picture and Television Engineers 170M (2004)
(functionally the same as the value 5)

See Equations E‑34 to E‑36

	7
	KR = 0.212; KB = 0.087
	Society of Motion Picture and Television Engineers 240M (1999)
See Equations E‑34 to E‑36

	8
	YCgCo
	See Equations E‑40 to E‑54

	9
	KR = 0.2627; KB = 0.0593
	Rec. ITU-R BT.2020-2 non-constant luminance system

Rec. ITU-R BT.[HDR-TV] Y′CbCr
See Equations E‑34 to E‑36

	10
	KR = 0.2627; KB = 0.0593
	Rec. ITU-R BT.2020-2 constant luminance system

See Equations E‑55 to E‑64

	11
	Y′D′ZD′X
	Society of Motion Picture and Television Engineers ST 2085 (2015)
See Equations E‑65 to E‑67

	12
	See Equations E‑28 to E‑33
	Chromaticity-derived non-constant luminance system

See Equations E‑34 to E‑36

	13
	See Equations E‑28 to E‑33
	Chromaticity-derived constant luminance system

See Equations E‑55 to E‑64

	14
	ICTCP
	Rec. ITU-R BT.[HDR-TV] ICTCP
See Equations E‑68 to E‑70

	15..255
	Reserved
	For future use by ITU‑T | ISO/IEC


Renumber the subsequent equation numbers in Annex E to account for the change in the number of equations in this annex, and adjust the cross-references to equation numbers accordingly.
In the Bibliography, add an additional citation as follows (and renumber the subsequent citations to account for the additional inserted item):

[20]
Rec. ITU-R BT.[HDR-TV], Image parameter values for high dynamic range television for use in production and international programme exchange.
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