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Foreword

ISO (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, 1n l1aison with 150 and IEC, also take partin
work. In the field of information technology, ISO and IEC have established a joint technical comni
ISO/IEC]TC 1.

The procedures used to develop this document and those intended for its further maintenance
described in the ISO/IEC Directives, Part 1. In particular the different approval criferia needed
the different types of document should be noted. This document was drafted in agtordance with
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

the
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Attention is drawn to the possibility that some of the elements of this document may be the subject

of patent rights. ISO and IEC shall not be held responsible for identifying any or all such p4
rights. Details of any patent rights identified during the development-¢f the document will be in
Introduction and/or on the ISO list of patent declarations received (se@ www.iso.org/patents).

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

For an explanation on the meaning of ISO specific téerms and expressions related to conforl

tent
the

not

mity

assessment, as well as information about ISO’s adheténce to the WTO principles in the Technical

Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document(s 1SO/IEC JTC 1, Information technology, Subcomm
SC 29, Coding of audio, picture, multimedia and:hypermedia information.
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Information technology — Coding of audio-visual objects

Part 10:

Advanced Video Coding

AMENDMENT 1: Multi-Resolution frame compatible
stereoscopic video with depth maps, additional supplementa
enhancement information and video usability information

Page xvi, 0.4
At the end of 0.4, add the following:

Rec. ITU T H.264 | ISO/IEC 14496-10 version 23 (the current Specification) refers to the integr
version 22 text after its amendment to specify multi-resolution fitaime-compatible (MFC) stereosd

hted
opic

video with depth maps, including the specification of an additional profile, the MFC Depth High profile,

and the mastering display colour volume SEI message, additional colour-related video usability

information codepoint identifiers, and miscellaneous minoicorrections and clarifications.

Page xx, 0.7

Replace the sentence

Subclause 1.10 specifies one profile for MVCD{Multiview and Depth).

with

Subclause 1.10 specifies two profilesfor MVCD (Multiview Depth High, and MFC Depth High).

Page 42, 7.3.2.1.1

Replace the syntax table withthe following:

seq_parameter_set_data(y{ C |Descriptor
profile_idc 0 |u(8)
constraint_set0_flag 0 (u(®
constraint.setl_flag 0 u(1)
constraint_set2_flag 0 u(1)
constraint_set3_flag 0 u(1)
constraint_set4_flag 0 (u(®
constraint_set5 flag 0 ju@
reserved_zero_2bits /* equal to 0 */ 0 [(u(2)
level_idc 0 |u(8)
seq_parameter_set_id 0 (|ue(v)
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if( profile_idc = =100 | | profile_idc == 110 | |
profile_idc = =122 | | profile_idc = = 244 | | profile_idc = =44 | |
profile_idc == 83 | | profile_idc = =86 | | profile_idc ==118 |
profile_idc = =128 | | profile_idc == 138 | | profile_idc == 139 | |
profile_idc == 134 | | profile_idc ==135) {

chroma_format idc 0 ne(v)
if( chroma_format_idc==3) hg)
jeparate_colour_plane_flag 0 |u(@ (‘]9
bit_depth_luma_minusS 0 ue(v) N .
bit_depth_chroma_minusS 0 ueQ)((\U
qi)prime_y_zero_transform_bypass_flag 0 L'Cl)r
sgq_scaling_matrix_present_flag 0 ﬁv(l)
if( seq_scaling_matrix_present_flag) (\".l/
fgr (i=0;i< (( chroma_format_idc!=3)?8:12);i++){ A
|seq_scaling_list_present_flag[i] A @V 0 u(1)
if( seq_scaling_list_present_flag[i]) '\D‘v
if(i<6) (/Q
scaling_list( ScalingList4x4[i], 16, O\\v 0
UseDefaultScalingMatrix4x4Flag[i]) Ca
else ,}\\\J
scaling_list( ScalingList8x8[i- 6], 64, Q - 0
UseDefaultScalingMatrix8x8Flag[i-61]) AQ
) N
} o
log2_max_frame_num_minus4 \"Qv ue(v)
pic_order_cnt_type . O.Q\ ue(v)
if( pic_order_cnt_type==0) AA\V
logZ_max_pic_order_cnt_ls%ﬁt\ljnuﬂ 0 ue(v)
else iff( pic_order_cnt_typ(;.’\‘Si ){
delta_pic_order_alvxax?;)zero_ﬂag 0 u(1)
offset_for_non_l;e@\lc 0 se(v)
offset_for_tqpﬁp\j)ottom_field 0 se(v)
num_ref ‘jﬁ%'es_in_pic_order_cnt_cycle 0 ue(v)
for(i =\®< num_ref _frames_in_pic_order_cnt_cycle; i++)
. @Fs‘et_for_ref_frame[ i] 0 |[se(v)
y [
max_num_ref _frames 0 ue(v)
gaps_in_frame_num_value_allowed_flag 0 u(1)
pic_width_in_mbs_minus1 0 ue(v)
pic_height_in_map_units_minus1 0 ue(v)
frame_mbs_only_flag 0 u(1)
if(!/frame_mbs_only_flag)
mb_adaptive_frame_field_flag 0 u(1)
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direct_8x8_inference_flag 0 u(1)

frame_cropping_flag 0 |u®

if( frame_cropping_flag) {
frame_crop_left_offset 0 ue(v)
frame_crop_right_offset 0 (|ue(v)
frame crop top offset 0 lue(v)
frame_crop_bottom_offset 0 (|ue(v) ,\Q)

) Q"

vui_parameters_present_flag 0 Q(’I\} :
&
N

if( vui_parameters_present_flag)

vui_parameters N\ye

} N

Page 45,7.3.2.1.3 ,\Q :

Replace the syntax table with the following: q@l

subset_seq_parameter_set_rbsp( ) { '\V‘ C |Descriptor

seq_parameter_set_data( ) ‘</U

. o S \\)¢
if( profile_idc = =83 | | profile_idc==86) { @)

seq_parameter_set_svc_extension( ) /* specified in A{m@(} */

svc_vui_parameters_present_flag CS\ 0 |u(®)

if( svc_vui_parameters_present_flag==1) ,\<3<

svc_vui_parameters_extension( ) /* spec@%m Annex G */ 0

} else if( profile_idc = = 118 | | profile_idc = <128 | |
profile_idc==134) {

O\
bit_equal_to_one /* equal to 1 *[QQ 0 [f(1)
seq_parameter_set_mvc_exte}‘\s@:() /* specified in Annex H */
mvc_vui_parameters_png@;t_flag 0 |u(®)
if( mvc_vui_paramete‘r@\#rr‘ésent_flag ==1)
mvc_vui parame@extension() /* specified in Annex H */ 0
} else if( profil @c =138 | | profile_idc==135) {
bit equa},@one /*equalto1*/ 0 [f(1)

seq_p(a\&gl}féter_set_mvcd_extensmn( ) /* specified in Annex [ */

} elseifCprofile_idc = = 139) {

ﬁ@'_}equal_to_one /*equalto1*/ 0 [f(D)

%, seq_parameter_set_mvcd_extension( ) /* specified in Annex I */

<P

o~ —a 1 o~ - £ L% LWL A 1k /
STY_PAIdIICLCI_STL_OoUdVLU_TALTIISIUII J /7 SPCLIHICU IIT AIIIICX |/

}

additional_extension2_flag 0 |u(®)

if( additional_extension2_flag==1)

while( more_rbsp_data())

additional_extension2_data_flag 0 (u(l)

rbsp_trailing_bits()
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Page 346, D.1

Insert the following before the row containing only “else”

else if( payloadType ==137)
mastering_display_colour_volume( payloadSize ) 5
Page 360, D.1.27
Renpmber D.1.27 as D.1.28.
Add|the following new subclause as D.1.27:
D.1.27 Mastering display colour volume SEI message syntax
magtering_display_colour_volume( payloadSize ) { C Descripter
forf c=0;c<3;c++){
djsplay_primaries_x| c ] 5 u(i16)
dksplay_primaries_y[ c] 5 a(16)
}
white_point_x 5 u(16)
white_point_y 5 u(16)
max_display_mastering_luminance 5 u(32)
min_display_mastering_luminance 5 u(32)
}
Pag¢ 405, D.2.27
Renpmber D.2.27 as D.2.28.
Add|the following new subclause as D.2.27:
D.227 Mastering display colour volume SEI message semantics
Thiq SEI message identifies the *celour volume (the colour primaries, white point, and luminance
range) of a display considered to-be the mastering display for the associated video content, e.g. the
colour volume of a display that'was used for viewing while authoring the video content. The described
mastering display is a three-colour additive display system that has been configured to use the
indirated mastering colour volume.
Thig SEI message( does not specify the measurement methodologies and procedures used for
detdrmining the indicated values or any description of the mastering environment. It also does not
proyide information on colour transformations that would be appropriate to preserve creative intent
on displays.with colour volumes different from that of the described mastering display.
The|information conveyed in this SEI message is intended to be adequate for purposes corresponding

to thewsSe of Society of Motion Picture and Television Engineers ST 2086

The
IDR

following constraints apply for the presence of mastering display colour volume SEI messages in
access units:

when a mastering display colour volume SEI message is present in any access unit of a coded video
sequence and the mastering display colour volume SEI message is not contained within any other SEI
message, a mastering display colour volume SEI message that is not contained within any other SEI
message shall be present in the IDR access unit that is the first access unit of the coded video sequence;

when a mastering display colour volume SEI message is present in any access unit of a coded
video sequence and the mastering display colour volume SEI message is contained in a scalable

© ISO 2015 - All rights reserved
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nesting SEI message applying to dependency_id dId, quality_id qld, and temporal_id tld, a mastering
display colour volume SEI message that is contained in a scalable nesting SEI message applying to
dependency_id equal to dId, quality_id equal to qld, and temporal_id equal to tld shall be present in
the IDR access unit that is the first access unit of the coded video sequence;

when a mastering display colour volume SEI message is present in any access unit of a coded video
sequence and the mastering display colour volume SEI message is contained in an MVC scalable
nesting SEI message applying to view_id vld and temporal_id tld, a mastering display colour volume

SEl message that 1s contained 1n an MVC scalable nesting SEI message applying to view_id equ
vld and temporal_id equal to tld shall be present in the IDR access unit that is the first access.ufj
the coded video sequence;

— when a mastering display colour volume SEI message is present in any access unit of.a coded v
sequence and the mastering display colour volume SEI message is contained in ah®“MVCD scal
nesting SEI message applying to texture views with view_id vld and temporal \id tld, a maste
display colour volume SEI message that is contained in an MVCD scalable \fiesting SEI mes
applying to texture views with view_id equal to vld and temporal_id equalto tld shall be prese
the IDR access unit that is the first access unit of the coded video sequerice.

The mastering display colour volume SEI message persists in decodirngjorder from the current ac
unit until the end of the coded video sequence.

When a mastering display colour volume SEI message is not contained within any other SEI messa
pertains only to VCL NAL units with nal_unit_type in the range-of 1 to 5, inclusive.

NOTE When the bitstream is a scalable video bitstream(adcording to Annex G, a mastering display ¢
volume SEI message that is not contained within any other SEI message applies only to the base layer bitstr
When the bitstream is a multiview video bitstream according to Annex H, a mastering display colour volum

hl to
it of

ideo
able
ring
sage
nt in

Icess

re, it

lour
Pam.
e SEI

message that is not contained within any other SEI message applies only to the base layer bitstream. When the

bitstream is a multiview video bitstream with depthyaccording to Annex [ or Annex |, a mastering display c(

volume SEI message that is not contained within@hy other SEI message applies only to the base texture view.

The following constraints apply for the content of mastering display colour volume SEI messages:

— all mastering display colour volume SEI messages that apply to the same coded video sequence
are not contained within any.other SEI message shall have the same content;

— all mastering display colour volume SEI messages that apply to the same coded video sequence
are contained in a scalable nesting SEI message applying to particular values of dependenc
quality_id, and temporal_id shall have the same content;

— all mastering display colour volume SEI messages that apply to the same coded video sequence
are containedin an MVC scalable nesting SEI message applying to particular values of view_id
temporal(id shall have the same content;

— all mastering display colour volume SEI messages that apply to the same coded video sequence
arécontained in an MVCD scalable nesting SEI message applying to texture views with partig
values of view_id and temporal_id shall have the same content.

display_primaries_x[ c ] and display_primaries_y|[ c ] specify the normalized x and y chromat

lour
7

and

and
y_id,

and
and

and
ular

city

Coordinates, respectively, of the colour primary component c of the mastering display in incremen

ts of

0.00002, according to the CIE 1931 definition of x and y as specified in ISO 11664-1 (see also ISO 11664-3

and CIE 15). For describing mastering displays that use red, green, and blue colour primaries,

it is

suggested that index value ¢ equal to 0 should correspond to the green primary, ¢ equal to 1 should

correspond to the blue primary, and ¢ equal to 2 should correspond to the red colour primary (see

also

Annex E and Table E-3). The values of display_primaries_x[ ¢ ] and display_primaries_y[ c | shall be in

the range of 0 to 50 000, inclusive.

white_point_x and white_point_y specify the normalized x and y chromaticity coordinates,
respectively, of the white point of the mastering display in normalized increments of 0.00002, according

© ISO 2015 - All rights reserved
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to the CIE 1931 definition of x and y as specified in ISO 11664-1 (see also ISO 11664-3 and CIE 15). The
values of white_point_x and white_point_y shall be in the range of 0 to 50 000.

max_display_mastering_luminance and min_display_mastering_luminance specify the nominal
maximum and minimum display luminance, respectively, of the mastering display in units of 0.0001
candelas per square metre. min_display_mastering_luminance shall be less than max_display_
mastering_luminance.

At - 4 TR dered-tod 1 N -
the white point.

6 © IS0 2015 - All rights reserved
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Page 411, Table E-3

Replace Table E-3 with the following:

ISO/IEC 14496-10:2014/Amd.1:2015(E)

Table E-3 — Colour primaries

Value |Primaries Informative remark
0 Reserved For future use by ITU-T | ISO/IEC
primary X y Rec. ITU-R BT.709-5
green 0.300 0.600 Rec. ITU-R BT.1361 conventional colouy'gamult
blue 0150 0.060 system and extended colour gamut system
red 0.640 0.330 IEC 61966-2-1 (sRGB or sYCC)
white D65 03127  0.3290 IEC 61966-2-4
Society of Motion Picturé\ahd Television Engi
neers RP 177 (1993) Annex B
2 Unspecified Image characteristics‘are unknown or are defer-
mined by the application.
3 Reserved For future use’by ITU-T | ISO/IEC
4 primary X y Rec. ITUR'BT.470-6 System M (historical)
green 0.21 0.71 Unjted.-States National Television System Comj-
blue 0.14 0.08 mittee 1953 Recommenda.ti_on for transmissiqn
standards for colour television
red 0.67 0.33 United States Federal Communications Commyis-
white C 0.310 0.316 sion Title 47 Code of Federal Regulations (20(3)
73.682 (a) (20)
5 primary X y Rec. ITU-R BT.470-6 System B, G (historical)
green 0.29 0.60 Rec. ITU-R BT.601-6 625
blue 0.15 0.06 Rec. ITU-R BT.1358 625
red 0.64 0.33 Rec. ITU-RBT.1700 625 PAL and 625 SECAM
white D65 0.3127 0.3290
6 primary X y Rec. ITU-R BT.601-6 525
green 0-310 0.595 Rec. ITU-R BT.1358 525
blue 0.155 0.070 Rec. ITU-RBT.1700 NTSC
red 0.630 0.340 Society of Motion Picture and Television Engi
whifeD65  0.3127 0.3290 neers 170M (2004)
(functionally the same as the value 7)
7 primary X y Society of Motion Picture and Television Engi
green 0.310 0.595 neers 240M (1999)
blue 0155 0.070 (functionally the same as the value 6)
red 0.630 0.34.0
white D65 0.3127 0.3290
8 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

© ISO 2015 - All rights reserved
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Value |Primaries Informative remark

9 primary X y Rec. ITU-R BT.2020
green 0.170 0.797
blue 0.131 0.046
red 0.708 0.292
white D65 (03127 0.3290

10 primary X y Society of Motion Picture and Television Engi-
v 0.0 1.0 neers ST 428-1
7 0.0 0.0 (CIE 1931 XYZ)
X 1.0 0.0
centre white 1+3 1+3

11 primary X y Society of Motion Picture and-Television Engi-
green 0.264 0.690 neers ST 431-2
blue 0.150 0.060 (DCIP3)
red 0.680 0.320
white DCI 0.314 0.351

12 primary X y Society of Motion Picture and Television Engi-
green 0.264 0.690 neers SIS
blue 0.150 0.060 (P3D63)
red 0.680 0.320
white D65  0.3127 0.3290

13..R55 |Reserved For future use by ITU-T | ISO/IEC

Pag¢ 408, E.2

Replace the semantics of transfer_characteristics with the following:

transfer_characteristics indicates the opto-electronic transfer characteristic of the source picture as
spegified in Table E-4 as a functien’of a linear optical intensity input L. with a nominal real-valued
range of 0 to 1. For interpretatjion-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
B and y, the values of a and f-are defined to be the positive constants necessary for the curve segments
thatimeet at the value .te have continuity of value and continuity of slope at the value f5, and the value
of y,lwhen applicable/is)defined to be the positive constant necessary for the associated curve segments
to neet at the value.y. For example, for transfer_characteristics equal to 1, 6, 14, or 15, a has the value
1+5.5%6=1.099296 826 809 442... and f has the value 0.018 053 968 510 807....

Wh¢n the transfer_characteristics syntax element is not present, the value of transfer_characteristics is
infefredtobe equal to 2 (the transfer characteristics are unspecified or are determined by the application).
Valyesiof transfer_characteristics that are identified as reserved in Table E-4 are reserved for future use

b I IRT1LICA/TIEC o d chall st bhon s ncnaat 100 b oo e non fo i o b o 41 g ion-aofthic Con ificati o
y Ul I l‘JU/ TLGUG dAdITU SIIdIT 1IUL UC l.ll COUIIUTIT UITOLTD bcllll.) CUIIIVUT 1111116 LU LlllD Vbl DlUll Ul UIT1S u}l\,blll\,qtlull

Decoders shall interpret reserved values of transfer_characteristics as equivalent to the value 2.
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Page 413, Table E-4

Replace Table E-4 with the following:

ISO/IEC 14496-10:2014/Amd.1:2015(E)

Table E-4 — Transfer characteristics

Value |Transfer characteristic Informative remark
0 Reserved For future use by ITU-T | ISO/IEC
1 V=a*LD045-(a-1) for1>=L¢>=p Rec. ITU-R BT.709-5
V=4.500* L, forf>Lc>=0 Rec. ITU-R BT.1361 conyentional
colour gamut system
(functionally the-$ame as the
values 6, 14, and 15)

2 Unspecified Image characteristics are un-
knownor are determined by the
appli¢ation.

3 Reserved For future use by ITU-T | ISO/]EC

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

United States National Televisjon
System Committee 1953 Rec-
ommendation for transmissioh
standards for colour televisiof
United States Federal Communi-
cations Commission Title 47 Code
of Federal Regulations (2003)
73.682 (a) (20)

Rec. ITU-R BT.1700 (2007 revi-
sion) 625 PAL and 625 SECAM

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

6 V=a*LJ045-(a-1) for1>=L¢>=f Rec. ITU-R BT.601-6 525 or 625

V=4.500 * L forf>Lc>=0 Rec. ITU-R BT.1358 525 or 62
Rec. ITU-RBT.1700 NTSC
Society of Motion Picture and [Tel-
evision Engineers 170M (2004)
(functionally the same as the
values 1, 14, and 15)
7 V=a*LO45 - (a-1) forl1>=Lc>=pf Society of Motion Picture and [Tel-
. . o
V = 4.000 * L, for B> Le>= 0 evision Engineers 240M (1999)
V=L for all values of L. Linear transfer characteristic$
V=1.0+LoglO(Lc)+2 for 1 >=L:>=0.01 Logarithmic transfer charactdris-
V=00 for 0.01 > L¢ >= 0 He PR Tange)
10 |V=1.0+LoglO(Lc)=+2.5 for 1 >=L¢>=Sqrt(10) + 1000 |Logarithmic transfer characteris-
i * .
V=00 for Sqre(10)+ 1000 > Le>=0 |0 (1007 Sqrt(10): 1range)
11 |V=a*LJ045-(a-1) for Lc>= 8 IEC 61966-2-4
V=4.500 * L for f>Le>-p
V=-a*(-L:)045+ (a-1) for -B >= L,

© ISO 2015 - All rights reserved
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Value |Transfer characteristic Informative remark

12 |V=a*L045-(a-1) for 1.33>L¢>=p Rec. ITU-R BT.1361 extended
V=4.500*L, for B> Le >= -y colour gamut system
V=-[a*(-4*L:)045- for -y > L. >=-0.25
(a-1)]+4

13 [V=g*l (1+24)-(y-1) for1>=1.>=f IEC 61966-2-1 (SRGR or sYC(C)
V=1292*L, forf>Lc>=0

U |[V=a*LO45-(a-1) for1>=Lc>=f Rec. ITU-R BT.2020
V= 4.500 * Le V=4500*Lc forB>Le>=0 52“13?;‘1’“2“;’;;? ;;‘me as the

15 |V=a*L045-(a-1) forl1>=L¢>=p Rec. ITU-R BT.2020
V=4.500*L, for B> Le >= 0 (functionally the same as the

values 1, 6, and.14)

Yo |V=[(cr+c2*Ln)+(1+c3*Len)m  forall values of L Society of Motion Picture and
c1=c3-c+1=3424+ 4096 = 0.8359375 P is Pt :;sfé)rig for
c2=32*%2413+4096 =18.8515625

c3=32%2392+4096=18.6875
m=128*2523 +4 096 =78.84375
n=0.25*2610 +4 096 = 0.1593017578125

for which L. equal to 1 for peak white is ordinarily intendédyto
correspond to a display luminance level of 10 000 candélas per
square metre

17 |V=(48*Lc+52.37)(1+2.6) for all values ofd.¢ Society of Motion Picture and
Television Engineers ST 428-1

for which L. equal to 1 for peak white is ordinarily intended to
correspond to a display luminance level ofi48)candelas per square
metre

18.255 |Reserved For future use by ITU-T | ISO/IEC

Pag¢ 408, E.2.1
Replace the semantics of matrix_coetficients with the following:

matrix_coefficients 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.

matfix_coefficients 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).

The(specification of the use of matrix_coefficients equal to 0 under all other conditions is reserved for
futureuse by ITU-T | ISO/IEC.

matrix_coefficients 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).

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

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

10 © IS0 2015 - All rights reserved
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The interpretation of matrix_coefficients, together with colour_primaries and transfer_characteristics,
is specified by the formulae below.

NOTE 3  For purposes of YZX representation when matrix_coefficients is equal to 0, the symbols R, G, and B are
substituted for X, Y, and Z, respectively, in the following descriptions of Formulae (E-1) to (E-3), (E-7) to (E-9), (E-
13) to (E-15), and (E-19) to (E-21).

ERr, Eg, and Ep are defined as “linear-domain” real-valued signals based on the indicated colour

nrimariacs hafora annlication of tha trancfar charactarictice foanctingy Tha annlication Af thg a0 Sfer
pHHA e SBeroreapprHeatoR—et—+taetahRSrer—enaaiaese S esSHahReHaeh—he 3PP

TreortroToTr—trre—cror

characteristics function is denoted by ( x )’ for an argument x. The signals E'r, E'g, and ,E'p| are
determined by application of the transfer characteristics function as follows:

E'R=(ER)’ E-1)
E'q= (Eg)’ (E-2)
E's= (Ep)’ (E-3)

The range of E'g, E'G, and E'g is specified as follows.

— If transfer_characteristics is not equal to 11 or 12, E'g, E'g, and’E'p are real numbers with valugs in
the range of 0 to 1, inclusive.

— Otherwise, [transfer_characteristics is equal to 11 -(IEC 61966-2-4) or 12 (Rec. ITU-R BT.1361
extended colour gamut system)], E'r, E'g and E'g are'real numbers with a larger range not specified
in this specification.

Nominal white is specified as having E'r equal té4, E'g equal to 1, and E'g equal to 1.
Nominal black is specified as having E'r equakto 0, E'g equal to 0, and E'g equal to 0.
The interpretation of matrix_coefficients\s specified as follows.

— Ifvideo_full_range_flag is equalto 0, the following applies.

— Ifmatrix_coefficients isiequal to 1, 4, 5, 6, 7,9, 10 or 11, the following formulae apply.

Y = Cliply( Round( (-t << ( BitDepthy -8))* (219 *E'y+16))) (E-4)
Cb = Cliplc( Reund( (1 << ( BitDepthc-8)) * (224 *E'pg + 128))) (E-5)
Cr =€}iplc( Round( (1 << ( BitDepthc-8))* (224 *E'pr+ 128))) (E-6)

—(Otherwise, if matrix_coefficients is equal to 0 or 8, the following formulae apply.

R = Cliply( (1 << ( BitDepthy - 8))* (219 *E'r + 16 )) (E-7)
G=CIpIy( (I << (BitDepthy =8 ) ) * (219 EG+16]) (E-8)
B = Cliply( ( 1 << (BitDepthy-8))* (219 *E'g + 16)) (E-9)

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

© IS0 2015 - All rights reserved 11
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— Otherwise (matrix_coefficients is not equal to 0, 1, 2, 4, 5, 6, 7,8, 9, 10 or 11), the interpretation
of the matrix_coefficients syntax element is reserved for future definition by ITU-T | ISO/IEC.

— Otherwise (video_full_range_flag is equal to 1), the following applies.

— Ifmatrix_coefficients is equal to 1, 4, 5, 6, 7,9, 10 or 11, the following formulae apply.

Y = Cliply( Round( ( (1 << BitDepthy)-1)*E'y)) (E-10)
Cb = Clip1lc( Round( ( (1 << BitDepthc) - 1) *E'pg+ (1 << ( BitDepthc-1)))) (E-11)
Cr = Cliplc( Round( ( (1 << BitDepthc) - 1) *E'pr + (1 << ( BitDepthc-1)))) (E-12)

— Otherwise, if matrix_coefficients is equal to 0 or 8, the following formulae apply:

R = Cliply( ( (1 << BitDepthy)-1)*E'r) (E-13)
G = Cliply( ( (1 << BitDepthy)-1)*E'g) (E-14)
B = Cliply( ( (1 << BitDepthy)-1)*E'g) (E-15)

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

— Otherwise (matrix_coefficients is not equal to 0, 1424, 5, 6, 7,8, 9, 10 or 11), the interpretation
of the matrix_coefficients syntax element is reServed for future definition by ITU-T | ISO/IEC.
Reserved values for matrix_coefficients shallnot be present in bitstreams conforming to this
version of this specification. Decoders shall interpret reserved values of matrix_coefficients as
equivalent to the value 2.

The|variables E'y, E'pg, and E'pr (for matrix €oefficients not equal to 0 or 8) or Y, Cb, and Cr (for matrix_
coeffficients equal to 0 or 8) are specified as follows.

— |[f matrix_coefficients is not equakto 0, 8, 10, or 11, the following formulae apply.

E'y =KR*E'R+(1-Kr-Kp)*E'c+Kp*E'p (E-16)
E'pp=0.5*(E'B-E'y)+(1-Kg) (E-17)
E'pr = 0.5 * (E'RSE'y) = (1-Kg) (E-18)

NOTE 4 E'gisa real number with the value 0 associated with nominal black and the value 1 associated with
nal white. E'pg and E’pRr are real numbers with the value 0 associated with both nominal black and nominal

in th n =0, ;5, Inciusive. nsfer_ ISTics 1 T e -
BT.1361 extended colour gamut system), E'y, E'pg and E’pr are real numbers with a larger range not specified in
this specification.

— Otherwise, if matrix_coefficients is equal to 0, the following formulae apply.

Y = Round( G) (E-19)

Cb =Round(B) (E-20)

12 © IS0 2015 - All rights reserved
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Cr = Round( R)

— Otherwise, if matrix_coefficients 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-21)

(E-22)

Cb = Round(0.5*G-0.25* (R+B)) + (1 << ( BitDepthc-1))

Cr=Round(0.5* (R-B))+(1<<(BitDepthc-1))

(B-23)

(B-24)

NOTES5  For purposes of the YCgCo nomenclature used in Table E-5, Cb and Cr of Formula (E-23)|and
Formula (E-24) may be referred to as Cg and Co, respectively. The inverse conversjon for the above three

Formulae should be computed as:

t=Y-(Cb-(1<<(BitDepthc-1)))

G =Cliply(Y + (Cb - (1 << ( BitDepthc-1))))

B = Cliply(t- (Cr- (1 <<(BitDepthc-1))))

R =Cliply(t+ (Cr-(1<<(BitDepthc-1))))

— Otherwise (BitDepthc is not equalto BitDepthy), the following formulae apply.

Cr = Round( R) - Round( B) + 1'<< ( BitDepthc - 1))

t=Round(B) + ((Cr - (<< (BitDepthc-1)))>>1)

Cb=Round(G) -t+(1 << (BitDepthc-1))

Y=t+((Cb~{1<<(BitDepthc-1)))>>1)

(B-25)

(E-26)

(H-27)

(H-28)

(B-29)

(B-30)

(§-31)

(B-32)

NOTE 6  For purposes of the YCgCo nomenclature used in Table E-5, Cb and Cr of Formula (E-31) and (E-29)|may
be referredito;as Cg and Co, respectively. The inverse conversion for the above four formulae should be computdd as:

t=¥-((Cb-(1<<(BitDepthc-1)))>>1)

G =Cliply(t+ (Cb - (1 << (BitDepthc-1))))

(B-33)

(B-34)

B =Cliply(t-((Cr-(1<<(BitDepthc-1)))>>1))

R =Cliply(B+ (Cr - (1 << (BitDepthc-1))))

— Otherwise, if matrix_coefficients is equal to 10, the following applies.

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

© ISO 2015 - All rights reserved
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E'y = (Ey Y (E-38)

NOTE 7 In this case, Ey is defined from the “linear-domain” signals for Eg, Eg, and Ep, prior to application of
the transfer characteristics function, which is then applied to produce the signal E'y. Ey and E'y are analogue
with the value 0 associated with nominal black and the value 1 associated with nominal white.

E'pg=(E'g-E'y)+(2*Ng) for-Ng<=E'g-E'y<=0 (E-39)
b= (E'5-E'y)+(2*Pg) for0<E'g-E'y<=Pg (E-40)
'pr=(E'R-E'y)+(2*Nr) for-Np<=ER-Ey<=0 (E-41)
E'pR=(E'R-E'y)+(2*Pr) forO<ER-E'y<=Pgr (E-42)

where the constants Np, Pg, NR, and PR are determined by application of the transfer characteristics
fundgtion to expressions involving the constants Kg and K as follows.

Ng=(1-Kg)' (E-43)
Pp=1-(Kp)' (E-44)
Nr=(1-Kr)' (E-45)
Pr=1-(KRr)’ (E-46)

— |Otherwise (matrix_coefficients is equal tg;11), the following formulae apply.

E'y =E'g (E-47)
F'pg = (0.986 566 *E'g - E'y) +2 (E-48)
E'pR = ( E'R-0.991902 # Ely) =2 (E-49)

NOT[E 8  For purposesofthe Y'D'zD’x nomenclature used in Table E-5, E'pg and E'pg of Formulae (E-48) and (E-
49) may be referred t6 as' D’z and D', respectively.
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Replace Table E-5 with the following:

Table E-5 — Matrix coefficients

Value |Matrix

Informative remark

0 GBR

The identity matrix.

Typically used for GBR (often referred to as RGB); however, may alsg be

used for YZX (often referred to as XYZ)

IEC 61966-2-1 (sRGB)

Society of Motion Picture and Television Engineers ST 428-1 (XYZ)
See Formula (E-19) to (E-21)

1 Kr=0.212 6; Kg =0.072 2

ITU-R Rec. BT.709-5

ITU-R Rec. BT.1361 conventional colour gamut system and extended
colour gamut system

IEC 61966-2-1 (sRGB)
IEC 61966-2-4 xvYCC709

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

See Formulae (E-16) to(E-18)

2 Unspecified

Image characteristics/are unknown or are determined by the applic3
tion.

o
[

3 Reserved

For future use/by ITU-T | ISO/IEC

4 Kr=10.30; Kg=0.11

United StateS Federal Communications Commission Title 47 Code of
FederalRegulations (2003) 73.682 (a) (20)

Seg,Formulae (E-16) to (E-18)

5 Kr=0.299; Kg = 0.114

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

ITU-R Rec. BT.1358 625

ITU-R Rec. BT.1700 625 PAL and 625 SECAM
IEC 61966-2-4 xvYCCq01

(functionally the same as the value 6)

See Formulae (E-16) to (E-18)

6 Kr=0.299; Kg = 0.114

ITU-R Rec. BT.601-6 525

ITU-R Rec. BT.1358 525

ITU-R Rec. BT.1700 NTSC

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

(Fuaneotinnallytha cann cth
aHry—tie-5a tf
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See Formulae (E-16) to (E-18)

7 Kr=0.212; Kg = 0.087

Society of Motion Picture and Television Engineers 240M (1999)
See Formulae (E-16) to (E-18)

YCgCo

See Formulae (E-22 )to (E-36)

Kr=0.2627; Kg = 0.0593

Rec. ITU-R BT.2020 non-constant luminance system
See Formulae (E-16) to (E-18)

© ISO 2015 - All rights reserved

15


https://iecnorm.com/api/?name=ea0c1926d32f87d28598dadb3c79a2e5

