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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotech

nical

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 tech
committees established by the respective organization to deal with particular fields of tech

nical
nical

activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
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work. In the field of information technology, ISO and IEC have established a joint technical conimjttee,

ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintenancg are
described in the ISO/IEC Directives, Part 1. In particular the different approval critetia needed for

the different types of document should be noted. This document was drafted in, ascordance wit
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Any trade name used in this document is information given for thé convenience of users and doe
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms
expressions related to conformity assessment, as well-as information about ISO's adherence t
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the folloj
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/IEC JTC 1, Information techng
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information in collabor
with ITU-T. A technically aligned twin text'is published as ITU-T H.265.

Alist of all parts in the ISO/IEC 23008 series can be found on the ISO website.

h the

Attention is drawn to the possibility that some of the elements of this document may be the supject
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such p
rights. Details of any patent rights identified during the development-0f the document will be i

Introduction and/or on the ISO list of patent declarations received (see- www.iso.org/patents).
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Information technology — High efficiency coding and
media delivery in heterogeneous environments —

Part 2:

High efficiency video coding

AMENDMENT 1: Additional colour representation code point

Page 19, Clause 4: Abbreviated terms

Add the following additional items (interspersed with the existing items in alphabetical order):
FCC  Federal Communications Commission (of the United States)

NTSC National Television System Committee (of the United States)

SMPTE Society of Motion Picture and Television Engineers

Page 446, Annex E

In E.3.1, replace the semantics of video_full_range_flag, colour_description_present_flag, co

lour_

primaries, transfer_characteristics, and matriXycoeffs, 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 de
from E'y, E'pg, and E'pRr or E'g, Eg,-and E'g real-valued component signals.

When the video_full_range_flag syntax element is not present, the value of video_full_range_f]
inferred to be equal to 0.

colour_description_present_flag equal to 1 specifies that colour_primaries, transfer_characteri
and matrix_coeffs -are¢ present. colour_description_present_flag equal to 0 specifies that cg
primaries, transfer:characteristics, and matrix_coeffs are not present.

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

Whed. the colour_primaries syntax element is not present, the value of colour_primaries is inferr
be-equal to 2 (the chromaticity is unspecified or is determined by the application). Values of co
primaries that are identified as reserved in Table E.3 are reserved for future use by ITU-T | ISO/IE

Fived

ag is

Stics,
lour_

ed in

bd to
lour_
[ and

shall nothe present in bitstreams r‘nnfnrming tothis version of this document. Decoders shall inte

reserved values of colour_primaries as equivalent to the value 2.
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Table E.3 — Colour primaries interpretation using the colour_primaries syntax element

Value Primaries Informative remark
0 Reserved For future use by ITU-T | ISO/IEC
1 primary X y Rec. ITU-R BT.709-6
green 0.300 0.600 Rec. ITU-R BT.1361-0 conventional colour
blue 0150 0.060 g‘a:ir:r;s%/}fitqefr:r?rnﬂ‘extended colour gamut
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 Unspecified Image characteristics are unknown'or
are determined by the application
3 Reserved For future use by ITU-T | ISOAEC
4 primary X y Rec. ITU-R BT.470-6 SystenrM (historical)
green 0.21 0.71 NTSC Recommendation for transmission
blue 014 0.08 standards for colotr television (1953)
red 0.67 0.33 lgggOTgl)t;e;.lgBCzog; (();(lj)ederal Regulations
white C 0.310 0.316
5 primary X y Rec. JFU-R BT.470-6 System B, G
green 0.29 0.60 (histprical)
blue 015 0.06 Rec. ITU-R BT.601-7 625
red 0.64 0.33 Rec. ITU-R BT.1358-0 625 (historical)
whiteD65 03127  0.3290 aRgfi' é’zrgérégz.l\l/[mo-o 625 PAL
6 primary X y Rec. ITU-R BT.601-7 525
green 0.310 0.595 Rec. ITU-R BT.1358-1 525 or 625
blue 0.155 0.070 (historical)
red 0.630 0340 Rec. ITU-R BT.1700-0 NTSC
whiteD65  0.3127, ~ 03290 SMPTE ST 170 (2004)
(functionally the same as the value 7)
7 primary X y SMPTE ST 240 (1999, historical)
green 0.310 0.595 (functionally the same as the value 6)
blue 0.155 0.070
red 0.630 0.340
whife D65 0.3127 0.3290
3 primary X y Generic film (colour filters using Illuminant C)
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-RBT.2100-1
blue 0.131 0.046
red 0.708 0.292
white D65 0.3127 0.3290

© ISO/IEC 2018 - All rights reserved
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Table E.3 (continued)

Value Primaries Informative remark

10 primary X y SMPTE ST 428-1 (2006)
green (Y) 0.0 1.0 (CIE 1931 XYZ)
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
white 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

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

22 primary X y EBU Tech. 3213-E (1975)
green 0.295 0.605
blue 0.155 0.077
red 0.630 0.340
white D65 0.3127 0.3290

23...255 |Reserved For future use by ITU-T | ISO/IEC
transfer_characteristics, as specified in Table E.4, either indicates the reference opto-electfonic

transfer characteristic function of the source picture as a function of a source input linear optical
intensity L. with a nominalswteal-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 L, wlith a
nominal real-valued range of 0 to 1. For interpretation of entries in Table E.4 that are expressed in tprms
of multiple curve segments parameterized by the variable a over a region bounded by the variabl¢ f or
by the variables S'and y, the values of @ and f are defined to be the positive constants necessary fqr the
curve segments that meet at the value [ to have continuity of value and continuity of slope at the yalue
B, and the value of y, when applicable, is defined to be the positive constant necessary for the assocjated
curve segments to meet at the value y. For example, for transfer_characteristics equal to 1, 6, 11, 14, or
15, a has'the value 1 + 5.5 * £ =1.099 296 826 809 442... and  has the value 0.018 053 968 510 807....

When the transfer_characteristics syntax element is not present, the value of transfer_character]stics
is lnferred to be equal to 2 (the transfer characterlstlcs are unspecified or are determined by the

for future use by ITU -T | ISO/IEC and shall not be present in bltstreams conformlng to thls version of
this document. 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 documents. In the
cases of Rec. ITU-R BT.709-6 and Rec. ITU-R BT.2020-2 (which could be indicated by transfer_characteristics
equalto 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.1886-0.

© ISO/IEC 2018 - All rights reserved 3
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Table E.4 — Transfer characteristics interpretation using
the transfer_characteristics syntax element

Value Transfer characteristics Informative remark
0 Reserved For future use by ITU-T | ISO/IEC
1 V=a*L045- (a-1) for1>=L¢>=p Rec. ITU-R BT.709-6
V=4.500*L, forf>Lc>=0 Rec. ITU-R BT.1361-0 conventional
colour gamnf cycfnm (hicfnrirn])
(functionally the same as the values
6, 14, and 15)
2 Unspecified Image characteristics are
unknown or are determined
by the application.
K Reserved For future use by ITY-TY| ISO/IEC
4 Assumed display gamma 2.2 Rec. ITU-R BT.470<6 System M
(historical)
NTSC Recomuriendation for
transmi§sion standards for
colou television (1953)
E€C Title 47 Code of Federal Regula-
tiens (2003) 73.682 (a) (20)
R Assumed display gamma 2.8 Rec. ITU-R BT.470-6 System B, G
(historical)
Rec. ITU-R BT.1700-0 625 PAL and
625 SECAM
d V=a*LO045 - (a-1) for1>=L.>=f Rec. ITU-R BT.601-7 525 or 625
V=4.500* L forf>Lc>=8 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 values
1, 14, and 15)
V=a*LJ045- (a-1) for1>=Lc>=p SMPTE ST 240 (1999, historical)
V=4.0*LC fOI',B>LC>=0
§ V=L, for all values of L Linear transfer characteristics
q V=1.0 + Logl0(L¢) + 2 for1>=L:>=0.01 Logarithmic transfer characteristic
V=00 for 0.01 > Le >= 0 (100:1 range)
1p V=10+Logl0( L) +2.5 for 1 >=L¢ >=Sqrt(10) + 1 000 |Logarithmic transfer characteristic
* .
v<00 for Sqre(10) = 1000 > Le>=0 | (1007 Sart(10): Trange)
1L Vi=a*LO45 - (a-1) for Lc>=p [EC 61966-2-4
V=4500*L for>Lc>-f
V=-a*(-LJ)045 + (@-1) for -f>= L,
12 V=a*LO045 - (a-1) for1,33>Lc.>=8 Rec. ITU-R BT.1361-0 extended
V =4.500* L, for B> Le>= - y colour gamut system (historical)
V=-[a*(-4*LJ)045- (a-1)] + 4 for -y > L¢>=-0.25
13 V=a*L(1+24 - (a-1) forl1>=Lc>=f IEC 61966-2-1 sRGB or sYCC
V=1292*L, forf>Lc>=0
4 © ISO/IEC 2018 - All rights reserved
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8(E)

Table E.4 (continued)
Value Transfer characteristics Informative remark
14 V=a*LJ045 - (a-1) for1>=Lc>=p Rec. ITU-RBT.2020-2
B " _ (functionally the same as the values
V=4.500* L forf>Lc>=0 1,6,and 15)

15 V=a*LJ045 - (a-1) forl1>=Lc>=p Rec. ITU-RBT.2020-2

V= 4.500*L. for B> L. >= 0 gfunctlo‘nAa‘lly the same as the values
1,6, ana 17%)

16 V=((cp+c2*Lon) + (1 +c3*Lon))m for all values of Ly SMPTE ST 2084 (2014) for 10,-12,
Cl=c3-cp+1=3424+4096=0.8359375 14, and 16-bit systems
c2=32%2413 + 4096 = 18.851 562 5 Rec. ITUR BT 21001 perceptupl

quantization (PQ),system
c3=32%2392+4096=18.6875
m=128%2523+4096=78.84375
n=0.25*2610+4096=0.159 301 757 8125
for which L, equal to 1 for peak white is ordinarily intended to
correspond to a reference output luminance level of 10 000 cd/m?2

17 V=(48*Ly + 52.37)(1 = 2.6) for all values of L, SMPTE ST 428-1 (2006)
for which L, equal to 1 for peak white is ordinarily intended 0
correspond to a reference output luminance level of 48 edym?2

18 V=a*Ln(12*Lc-b) +c forl1>=L¢>1+12 Association of Radio Industries|and
V = Sqrt(3) * L05 for1+12>= Lo >=0 Businesses (ARIB) STD-B67
a=0.17883277,b = 0.284 668 92, c = 0.559 91073 Rec. ITU-R BT.2100-1 hybrid

log-gamma (HLG) system
19..255 |Reserved For future use by ITU-T | ISO/IHC
NOTE 6  For transfer_characteristics equal«to' 18, the formulae given in Table E.4 are normalized |[for a
source input linear optical intensity L. with ahominal real-valued range of 0 to 1. An alternative scaling that
is mathematically equivalent is used in<AR¥B STD-B67 with the source input linear optical intensity haying 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 notbé,equal to 0 unless one or more of the following conditions are true:
— BitDepthc is equalto BitDepthy.

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

The specification of the use of matrix_coeffs equal to 0 under all other conditions is reserved for fliture

use by KPU-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 (the 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).

© ISO/IEC 2018 - All rights reserved
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The interpretation of matrix_coeffs, together with colour_primaries and transfer_characteristics, is

speci

fied by the formulae 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 descriptions of Formulae (E.1) to (E.3), (E.13) to (E.15), (E.19) to
(E.21) and (E.31) to (E.33).

ERr, Eg, and Ep are defined as “linear-domain” real-valued signals based on the indicated colour
primaries before application of the transfer characteristics function.

Nom|

Nom

nal peak white is specified as having Er equal to 1, Eg equal to 1, and Eg equal to 1.

nal black is specified as having Er equal to 0, Eg equal to 0, and Eg equal to 0,

The gpplication 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'g are determined by application of the

1

H

wsl

wsl

|

H

ransfer characteristics function as follows:

'R =(ER)’ (E.1)
'c = (Eg)’ (E.2)
's = (Ep)’ (E.3)
n this case, the range of E'g, E'g, and E'g is specified as folews:

1+ Iftransfer_characteristics is not equal to 11 or 12,ER, E'g, and E'g 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'g are real numbers with
a larger range not specified in this document.

Dtherwise (matrix_coeffs is equal to 14);the “linear-domain” real-valued signals Ey, Ey, and Es are

determined as follows:

L=(1688*Ep+2 146 *Eg + 262 * Eg) + 4 096 (E.4)
M = (683 * Eg + 2 951 * EG¥ 462 * Eg) = 4 096 (E.5)
s=(99 * Eg + 309K + 3688 * Eg) + 4 096 (E.6)

:In this casesthe'signals E'[, E'yM, and E's are determined by application of the transfer characteristics

unctionasfollows:

H'L =(Er)’ (E7)

E'm = (Em)’ (E.8)

E’s = (Es)’ (E9)
The interpretation of matrix_coeffs is specified as follows:

— 1

fvideo_full_range_flag is equal to 0, the following applies:

— If matrix_coeffsisequalto 1,4, 5, 6, 7,9, 10, 11, 12, 13, or 14, the following formulae apply:

© ISO/IEC 2018 - All rights reserved
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Y = Cliply(Round((1 << (BitDepthy - 8)) * (219 * Ey + 16))) (E.10)
Cb = Clipl¢(Round((1 << (BitDepthc - 8)) * (224 * E'pg + 128))) (E.11)
Cr = Cliplc(Round((1 << (BitDepthc - 8)) * (224 * E'pg + 128))) (E.12)

J— nfhnruricn, ifmatrix coeffsis oqna] ta O aor Q, the Fn”r\uring formulae app]y-

R = Cliply((1 << (BitDepthy - 8)) * (219 * E'g + 16)) (
G = Cliply((1 << (BitDepthy - 8)) * (219 * E'g + 16)) (
B = Cliply((1 << (BitDepthy - 8)) * (219 * E'g + 16)) (

— Otherwise, if matrix_coeffs is equal to 2, the interpretation of thematrix_coeffs syntax ele
is unknown or is determined by the application.

— Otherwise (matrix_coeffs is not equal to 0, 1, 2, 4, 5, 607’8, 9, 10, 11, 12, 13, or 14]
interpretation of the matrix_coeffs syntax element is reserved for future definition by IT|
ISO/IEC.

— Otherwise (video_full_range_flag is equal to 1), the fallpwing applies:

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

Y = Cliply(Round(((1 << BitDepthy) - 1)*E'y)) (
Cb = Cliplc(Round(((1 << BitDepthg) - 1) * E'pg + [1 << (BitDepth¢ - 1)))) (
Cr = Cliplc(Round(((1 << BitDepthc) - 1) * E'pr + [1 << (BitDepth¢ - 1)))) (

— Otherwise, if matrix_coeffs is equal to 0 or 8, the following applies:

R = Cliply(((1 <<BitDepthy) - 1) * E') (
G = Clip1y(((1 << BitDepthy) - 1) * E'g) (
B = Glip1y(((1 << BitDepthy) - 1) * E'g) (

<) Otherwise, if matrix_coeffs is equal to 2, the interpretation of the matrix_coeffs syntax ele
is unknown or is determined by the application.

£.13)

E.14)

5.15)

£.16)

£.17)

£.18)

£.19)

5.20)

£.21)

Inent

— 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 I

TU-T

| ISO/IEC. Reserved values for matrix_coeffs shall not be present in bitstreams conforming
to this version of this document. Decoders shall interpret reserved values of matrix_coeffs as

equivalent to the value 2.

It is a requirement of bitstream conformance to this version of this document that when co
primaries isnotequalto 1, 4,5, 6,7, 8,9, 10, 11, 12, or 22, matrix_coeffs shall not be equal to 12 or

© ISO/IEC 2018 - All rights reserved
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When matrix_coeffs is equalto 1, 4, 5, 6, 7,9, 10, 11, 12, or 13, the constants Kg and Kg are specified as
follows:

— 1

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

— Otherwise (matrix_coeffs is equal to 12 or 13), the constants Kr and Kg are computed as follows,

using the chromaticity coordinates (xgr, Yr), (X6, ¥6), (X8, ¥B), and (xw, yw) specified by Table E.3
for the colour_primaries syntax element for the red, green, blue, and white colour primaries,

respectively.
r 4

b yr ¥ (XW *(yG*ZB _yB*ZG)+yW *(XB*ZG ~Xg *ZB)+ZW *(XG*yB _XB*yG)) £
kR - .
Yw *(XR *(yG*ZB _yB*ZG>+XG *(yB*ZR _yR*ZB)+XB *(yR*ZG _yG*ZR>)
I yg " (Xw * (yR*ZG _yG*ZR)+yW *(XG*ZR _XR*ZG)+ZW *(XR*yG _XG*yR)) (E.23)
(5 = .
Yw *(XR *(yG*ZB _yB*ZG)+XG *(yB*ZR _yR*ZB)+XB *(yR*ZG _yG*ZR))
here the values of z, zg, zg, and zy, are given by.
Zr=1- (XR + yR) (E.24)
G = 1- [XG + yG) [E.ZS)
Zg=1-(xB +YyB) (E.26)
Zw=1- (xXw+yw) (E.27)
The yariables E'y, E'pg, and E'pR (for matrix_coeffs notequal to 0 or 8) or Y, Cb, and Cr (for matrix_coeffs

equ

wsl

NOTH
nomi
whitd

to 0 or 8) are specified as follows:

f matrix_coeffs is not equal to 0, 8, 10, L£L,I3, or 14, the following formulae apply:

'y=KrR*E'R+(1-Kr-Kp) *E'c+Kg*E'B (E.28)
'pp=0.5*(E'’B-E'y) + (1 -Kp) (E.29)
'PR=0.5*(E'R-E'y) + (T'-KR) (E.30)
8  E'yis areal number with the value 0 associated with nominal black and the value 1 associated with

hal white. E'pgtand E'pr are real numbers with the value 0 associated with both nominal black and nominal
. 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'pg and E'pR are real numbers with values in

ther
numhi

inge of-=0.5 to 0.5 inclusive. When transfer_characteristics is equal to 11 or 12, E'y, E'pg, and E'pr are real
ers with a larger range not specified in this document.

D1 . L — £e - 1N 11 £.11 : £ h] 1
— UUICT WISTE, I ITIdUI'IX_COCILIS 1S5S ©UdI LU U, LIIC TUITOWIITE 10T HHIUIdC dpply .

Y = Round(G) (E.31)
Cb = Round(B) (E.32)
Cr = Round(R) (E.33)
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— Otherwise, if matrix_coeffs is equal to 8, the following applies:

— If BitDepthc is equal to BitDepthy, the following formulae apply:

Y =Round(0.5 * G + 0.25 * (R + B)) (E.34)
Cb =Round(0.5 * G - 0.25 * (R + B)) + (1 << (BitDepth¢ - 1)) (E.35)
Cr = Round(0.5 * (R - B)) + (1 << (BitDepthc - 1)) (E.36)
NOTE9 In this case, for purposes of the YCgCo nomenclature used in Table E.5, Cb, and Cr of Fermulae (JE.35)
and (E.36) can be referred to as Cg and Co, respectively. An appropriate inverse conversion for*Formulae (|E.34)
to (E.36) is as follows:
t=Y - (Cb - (1 << (BitDepthc - 1))) (E.37)
G = Clip1ly(Y + (Cb - (1 << (BitDepthc - 1)))) (E.38)
B = Cliply(t - (Cr - (1 << (BitDepth¢ - 1)))) (E.39)
R = Cliply(t + (Cr - (1 << (BitDepthc - 1)))) (E.40)
— Otherwise (BitDepthc is not equal to BitDepthy), the following formulae apply:
Cr = Round(R) - Round(B) + (1 << (BitDepth¢ - 1)) (E-41)
t =Round(B) + ((Cr - (1 << (BitDepthc¢ - 1)))>> 1) (E.42)
Cb =Round(G) - t + (1 << (BitDepthc'< 1)) (E.43)
Y =t+ ((Cb - (1 << (BitDepthe¥1))) >> 1) (E.44)
NOTE 10 In this case, for purposescéf the YCgCo nomenclature used in Table E.5, Cb and Cr of Formulae (|E.43)
and (E.41) can be referred to as Lgand Co, respectively. An appropriate inverse conversion for Formulae (E.f#1) to
(E.44) is as follows:
t=Y - ((Cb ~(1<< (BitDepthc - 1))) >> 1) (E.45)
G = ClipTy(t+ (Cb - (1 << (BitDepthc - 1)))) (E.46)
B =/Cliply(t - ((Cr - (1 << (BitDepth¢ - 1))) >> 1)) (E.47)
R= Cliply(B + (Cr - (1 << (BitDepthc - 1)))) (E.48)

— Otherwise, if matrix_coeffs is equal to 10 or 13, the signal E'y is determined by application ¢

f the

transfer characteristics function as follows and Formulae (E.51) to (E.54) apply for specification of

the signals E’'pg and E'pg:

Ey=Kr*Er+ (1 -Kr-Kp) *Eg+Kp*Ep (E.49)

E'y = (Ey)’ (E.50)

NOTE 11 In this case, Ey is defined from the “linear-domain” signals for ER, Eg, 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.
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while the signals E'pg and E'pg are determined as follows:

E'pg=(E'5-E'y)+ (2*Ng) for-Ng<=E'g-Ey<=0 (E.51)
E'pg=(E'B-E'y)+(2*Pg) forO<E'B-E'y<=Pp (E.52)
E'pr=(E'R-E'y)+(2*NR) for-Nr<=ER-E'<=0 (E.53)
Hpr = (E'R-E'y) < (2*PR) for0<E'r-E'y <= Py (E.54)

wherfe the constants Np, Pg, N, and PR are determined by application of the transfer characteristics
function to expressions involving the constants K and Kg as follows:

Ng = (1 - Kp)’ (E.55)
Hp=1- (Kp)’ (E.56)
Nr = (1 - Kp)’ (E.57)
Hr=1- (Kg)’ (E.58)

— OQtherwise, if matrix_coeffs is equal to 11, the following foxmulae apply:

B'y=E'g (E.59)
H'pg = 0.5 * (0.986 566 *E'g - E'y) (E.60)
H'pr=0.5* (E'R - 0.991 902 * E'y) (E.61)

NOTH 12 In this case, for purposes of theY'D'zD’x nomenclature used in Table E.5, E'pg can be referred to as D'
and H'pgr can be referred to as D'x.

— (therwise (matrix_coeffs.is.equal to 14), the following formulae apply:

H'y=0.5*(E'L+E'Mm) (E.62)
H'pp= (6610 * E{, - 13613 *E'y + 7 003 *E's) + 4 096 (E.63)
H'pr= (17933 *E'L - 17390 *E'y - 543 *E's) + 4 096 (E.64)

NOTH 13/,1In this case, for purposes of the ICTCp nomenclature used in Table E.5, E'y, E'pg, and E’pr of

313 2. Y £, a S xzalar
Form 1 (10 £ (1 220 d (0 ca) 1L A+ 1_C dC ES 1

TaC LR Oz, LU0, and (Lo 1) Calr OCTCTCTTC O t0asS T, G, atd Gp;, Tt CSpCTtTrveTys
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