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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MUI TIMEDIA SYSTEMS AND FQUIPMENT —

COLOUR MEASUREMENT AND MANAGEMENT -

Part 2-4: Colour management —
Extended-gamut YCC colour space
for video applications — xvYCC

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 'IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards,“Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. Interpational, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordanee with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each techhical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for nternational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts aresmade to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC\National Committees undertake to apply IEC Publications
transparently to the maximum extent possible\in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independehnt\certification bodies.

6) All users should ensure that they’have the latest edition of this publication.

7) No liability shall attach to IEC-or its directors, employees, servants or agents including individual experts and
members of its technical-.committees and IEC National Committees for any personal injury, property damage or
other damage of any \nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out “of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is"drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patentirights. IEC shall not be held responsible for identifying any or all such patent rights.

This)consolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

IEC 61966-2-4 edition 1.2 contains the first edition (2006-01) [documents 100/967/CDV
and 100/1026/RVC] and its corrigendum 1 (2006-11), its amendment 1 (2016-04)
[documents 100/2457A/CDV and 100/2601/RVC] and its amendment 2 (2021-07)

— ____[documents 10073535/CDVand 10073597/RVCT:

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendments 1 and 2. Additions and deletions are displayed in red, with
deletions being struck through. A separate Final version with all changes accepted is
available in this publication.
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International Standard IEC 61966-2-4 has been prepared by IEC technical committee 100:
Audio, video and multimedia systems and equipment.

The French version of this standard has not been voted upon.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 61966 consists of the following parts, under the general title Multimedia systems and
equipment — Colour measurement and management:

Part 2-1:  Colour management — Default RGB colour space — sRGB

Part 2-2:  Colour management — Extended RGB colour space — scRGB

Part 2-4: Colour management — Extended-gamut YCC colour space for video applications —
xvYCC

Part 2-5:  Colour management — Optional RGB colour space — opRGB-{undenrconsideration)
Part 3: Equipment using cathode ray tubes

Part 4. Equipment using liquid crystal display panels
Part 5: Equipment using plasma display panels
Part 6: Front projection displays

Part 7-1:  Colour printers — Reflective prints — RGB inputs

Part 8: Multimedia colour scanners
Part 9: Digital cameras

Part 12-1: Metadata for identification §f colour gamut (Gamut ID)

Part 12-2: Simple Metadata formap for identification of colour gamut

The committee has decided that.the contents of the base publication and its amendments will
remain unchanged until the stability date indicated on the I|EC web site under
"http://webstore.iec.ch" inxthe data related to the specific publication. At this date, the
publication will be

e reconfirmed,
e withdrawn,
e replaced.by-a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

After the publication of IEC 61966-2-1, Amendment 1, the sYCC colour encoding was used to
capture, store and print extended colour gamut for still image applications. Users received

pleasant benefit by exchanging and reproducing wide-gamut colour images.

Recently, various kinds of displays that are capable of producing a wider gamut of colour than
the conventional CRT-based displays are emerging. However, most of the current video
contents that are displayed on conventional displays, are rendered for the sRGB-gamut.
Users of wide-gamut displays could benefit from wide-gamut colour images by video coleur
encoding that supports a larger colour gamut.

This standard defines the “extended-gamut YCC colour space for video applications”. It is
based on the current implementation of YCC colour encoding that is used in the yideo industry
(namely ITU-R BT.709-5) and extends its definition to the wider gamut of colouf range.
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MULTIMEDIA SYSTEMS AND EQUIPMENT -
COLOUR MEASUREMENT AND MANAGEMENT -

Part 2-4: Colour managpmpnf -

Extended-gamut YCC colour space
for video applications — xvYCC

1 Scope

This part of IEC 61966 is applicable to the encoding and communication of YCC, ¢olours used
in video systems and similar applications by defining encoding transformations for use in
defined reference capturing conditions. If actual conditions differ from the reference conditions,
additional rendering transformations may be required. Such additiopal “rendering trans-
formations are beyond the scope of this standard.

2 Normative references

The following referenced documents are indispensable for|the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments)yapplies.

IEC 60050-845:1987, International Electrotechnical Vocabulary (IEV) — Part 845: Lighting

ITU-R Recommendation BT.601-5:1995, Studio encoding parameters of digital television for
standard 4:3 and wide-screen 16:9 aspect-ratios

ITU-R Recommendation BT.709-5:2002, Parameter values for the HDTV standards for
production and international programme exchange

3 Terms and definitions

For the purposes of this document, the following terms and definitions, as well as those
concerning illuminance, luminance, tristimulus, and other related lighting terms given in
IEC 60050-845, apply.

3.1

scene-referred colour encoding

represéntation of estimated colour-space coordinates of the elements of an original scene,
where-a scene is defined to be the relative spectral radiance

3.2

output-referred colour encoding

representation of estimated colour-space coordinates of image data that are appropriate for
specified output device and viewing conditions

3.3

extended gamut

colour gamut extending outside that of the standard sRGB CRT display defined in
IEC 61966-2-1
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3.4
luma
luminance signal as defined by SMPTE/EG28:1993

NOTE 1 To avoid interdisciplinary confusion resulting from the two distinct definitions of luminance, it has been

proposed that the video documents use “luma” for “luminance, television” (i.e., the luminance signal).

NOTE 2 Video systems approximate the lightness response of vision by computing a luma component Y' as a
weighted sum of non-linear (or gamma-corrected) R'G'B' primary components. Luma is often carelessly referred to
as luminance.

4 Colorimetric parameters and related characteristics

This clause defines colorimetric parameters and the related characteristics of reference
capturing devices.

4.1 Primary colours and reference white

The CIE chromaticities for the reference red, green, and blue primary colours, and for
reference white CIE standard illuminant D65, are given in Table 1. These primaries and white
point values are identical to those of ITU-R BT.709-5.

Table 1 — CIE chromaticities for reference primary colours and reference white

Red Green Blue White/D65
X 0,640 0 0,300 0 0,150 0 0,312 7
y 0,330 0 0,600 0 0,060 0 0,329 0
z 0,030 0 0,100,0 0,790 0 0,358 3

4.2 Opto-electronic transfer characteristics

Opto-electronic transfer characteristics are defined as follows.

If R,G,B<-0018,

R’ =-1099x (- R)>* + 0,099
G'=-1099 x (- G)>* + 0,099 (1)
B’ =-1099x (- B)>* + 0,099

If -0018<R,G,B<0,018,

R' =450 R
G'=450xG (2)
B'=450xB

If R,G,B>0,018,

R'=1099 x (R)**° ~0,099
G' =1099 x (G)>* - 0,099 (3)
B' =1099 x(8)**° —0,099
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where R,G, B is a voltage normalized by reference white level and proportional to the implicit

light intensity that would be detected with a reference camera colour channel; R',G', B’ is the
resulting non-linear primary signal.

4.3 YCC (luma-chroma-chroma) encoding methods

The encoding equations from the primary RGB (red-green-blue) signal: R',G’, B’ to the YCC

(luma-chroma-chroma) signal: Y',Cb’,Cr' is defined by the following two methods. It is
important to follow one of the encodings in the specified application.

xvYCCes01, which is implemented mainly in the SDTV (standard-definition telewvision)
applications as defined in ITU-R BT. 601-5, is defined as follows:

Yéo1 02990 05870 01140 R’
Chgo1 |=|-01687 -03313 05000 |G’ (4)

Créon 05000 -04187 -00813 | B’
NOTE The coefficients in equation (4) are from ITU-R BT.601-5 which defines,.Y* of YCC to the three decimal

place accuracy. An additional decimal place is defined above to be consistent\with the other matrix coefficients
defined in this standard.

xvYCCro09, Which is implemented mainly in the HDTV (high-definition television) applications
as defined in ITU-R BT. 709-5, is defined as follows:

Y09 02126 07152 00722 R’
Chygg |=|-01146 —03854 05000 |G’ (5)
Crios 0500 040,454 2 -0,0458 | B’

4.4 Digital quantization methods

Quantization of YCC (luma-chroma-chroma) signal: Y',Cb’,Cr' is defined as follows.

For 8-bit representation:

Yevvccs) = round[219 x Y' +16]
Chyyyccs) = round[224 x Cb' +128] (6)
Cryyyec(s) = round[224 x Cr' +128]

For n-bit\(n* > 8) representation:

Yyvycey) = round[(219 xY' +16)>< 2n—8J
Chyvyce(n) = round[(224 x Cb' + 128)>< 2n—8] @)
Cryvyce(v) = round[(224 x Cr' +128)x 211—8]

NOTE Bit levels “from 0 to 2"8-1” and “from 255 x 2N-8 to 2N-1” (0 and 255, for the case of 8-bit encoding) are

used exclusively for synchronization and are not allowed for storing colour values. Levels from “2N-8” to “255 x 2N-8.
1” (from 1 to 254, for the case of 8-bit encoding) are available.
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5 Encoding transformations

5.1 Introduction

The encoding transiormations between xvYCC values and CIE 193T XYZ values provide
unambiguous methods to represent optimum image colorimetry of the captured scene. Scene
colorimetry is defined as relative to the white objects, assuming that the exposure is properly
controlled. It should be noted that dynamic range compression is needed when storing the
wide dynamic range images (see Annex A for descriptions). Additionally, if the condition of the
capturing device deviates from the ideal condition defined in Clause 4, operations such as
colour compensation, colour correction and a certain degree of colour rendering canf be
performed. However, the methods for these operations are beyond the scope of this standard.

5.2 Transformation from xvYCC values to CIE 1931 XYZ values

For 24-bit encoding (8-bit/channel), the relationship between 8-bit values and-Y',Cb',Cr' is
defined as:

¥' = (Yavooe) —16)/219
Cb' = (Chyvecs) - 128)/224 (8)
CI”' = (CrXVYCC(8) - 128)/224

For N-bit/channel (N > 8) encoding, the relationship betwéen N-bit values and Y',Cb',Cr' is
defined as:

Y,
o xvvccm_m] /219
2N-8
Ch
Ch' = XV;Csc(N)_msJ/zm (9)
2
C
O = | Xveew) —128] /224
2N—8

For xvYCCso1 encoding; the non-linear Y',Cb’',Cr' values are transformed to the non-linear
R',G', B’ values ag.follows:

Rl [10000 00000 14020 | Y4oq
G'|={10000 -03441 -07141 || Cbgpq (10)
B'| [10000 17720 0,000 0 | Crgoq
NOTE The possible range for non-linear R’G’B’ 01y calculated from, for example, equation (10) will be between
=4130732 and 2,0835.
For xvYCCros encoding, the non-linear Y',Cb’',Cr' values are transformed to the non-linear
R',G', B’ values as follows:

Rl [10000 00000 1574 8 | Yioo
G'|=|10000 -01873 —04681 | Chyog (11)
B'| [10000 18556 0,000 0 | Criog

NOTE The possible range for non-linear R'G’B’(709) calculated from, for example, equation (11) will be between
-1,1206 and 2,1305.
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The non-linear R',G', B’ values are then transformed to linear R, G, B values as follows.

If R',G',B'<-0,081

;
(R’ -0,099 045
~1099

1

G- _( G'-0,099 ) 045

12
—-1099 \Z

;
_ (B'~0,099 045
~1099

If —0,081<R',G",B"<0,081

R=R'/A50
G = G'/4,50 (13)
B =B'/A50

If R',G',B'>0,081

]
[ R +0099 0,45
4099

1

o2 (G +0099 ) 045 (14)
1,099

1

B B'+0,099 )0,45
1099

The linear R, G, B values are transformed to CIE 1931 XYZ values as follows:

X 04124 03576 01805 || R
Y|=102126 07152 00722 |G (15)
z 00193 01192 09505 | B

NOTE\._When the capturing device performs dynamic range compression of the brighter-than-white (for example,
specular) components, the compressed colours will be displayed at the top-end range of the "reference" display as
described in Annex C. In this case, the XYZ tristimulus values of the compressed components represent the
colorimetry of the rendered scene, not the colorimetry of the original scene.

5.3 Transformation from CIE 1931 XYZ values to xvYCC values

Tha ClE 19214 YV 7 yualian n-h
e oT=—To0 7t = var 14

P traoncformand to linaaey D D oo o follov -
oco—cart L3 rTeC—to—Tm

)]
(]

aTTITOTTT COT 1C, O, D varoT o oo rommTovwos

R 32410 -15374 -04986 | X
G|=|-0969 2 1876 0 00416 | Y (16)
B 00556 -02040 10570 || Z



https://iecnorm.com/api/?name=127d692c5dc49b33d82f50e1551e559b

IEC 61966-2-4:2006+AMD1:2016 -1 -
+AMD2:2021 CSV © IEC 2021

In the xvYCC encoding process, negative RGB tristimulus values and RGB tristimulus values
greater than 1,0 are retained.

The linear R, G, B values are then transformed to non-linear R',G’, B' values as follows.

If R,G,B<-0,018,

R'=-1099x (- R)>* +0,099
G'=-1099 x (- G)>* +0,099 {7
B’ =-1099x (- B)>* +0,099

If -0,018 < R,G,B < 0,018,

R'=450xR
G'=450xG (18)
B'=450xB

If R,G,B=0,018,

R'=1099 x (R)**° ~0,099
G' =1099 x (G)%4°"- 0,099 (19)
B'=1099 x(B)>* — 0,099

The relationship between non-linear R{,G", B’ and xvYCCeo1 is defined as follows:
Yéo1 02990 05870 011407 R’
Cbgoy [=|-01687 -0,3313 0,5000 | G' (20)

Gifio 05000 -04187 -00813 | 5’

The relationship between non-linear R',G', B’ and xvYCCros is defined as follows:

Y09 02126 07152 00722 R’
Chhog |=|-01146 -03854 05000 | G’ (21)
Crho9 05000 -04542 -00458 | B’

NOTE' If the capturing device is capable of storing Y’ greater than 238/219 (or 1,086 758), dynamic range
compression can be performed at this stage. Please refer to Annex A for the descriptions.

and quantization for xvYCC for 24-bit encoding (8-bit/channel) is defined as:

YXVYCC(B) = round[219 xY'+ 16]

CbXVYCC(B) = round[224 xCb" + 128J (22)
Cryyco(s) =round[224 x Cr' +128]

For 24-bit encoding, the xvYCC values shall be limited to a range from 1 to 254 according to
equation (22).

For N-bit/channel ( N > 8) encoding, the relationship is defined as:
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Yywyeev) = roundl(219 xY' +16)>< 2n—8J
Chyvyce(n) = round[(224 xCb" + 128)>< 2n—8] (23)

AV

Croveemv= rnund[(??A x Cr' 4+ 128)x 7”—8]

For N-bit/channel encoding, the xvYCC values shall be limited to a range from “2N-8” to “254 x
2N-8” according to equation (23).
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Annex A
(informative)

Comprpqcinn of cppcular components of Y’ cignalq

This annex describes an example method for the dynamic range compression of the specular
components that are brighter than white in Y’ (or Luma) signal.

In xvYCC colour encoding, linear R,G,B values after equation (8), or non-linear R',G"\B’

values after equations (9) to (11) are not limited between 0 and 1. After the YCC quantization
(equation (14)), the value range will be limited as follows:

Y' signal: -15/219 to +238/219 (or -0,068 493 to +1,086 758)

Cb',Cr' signal: -127/224 to +126/224 (or -0,566 964 to +0,562 500)

For the surface colours, Y’ signals shall be in the range of 0 and-1,) while over-ranged values
(greater than 1,0 or smaller than 0,0) in Cb" and Cr' are usedfor storing saturated colours.

However, if the specular components that are brighter than white exist in a captured image,
there will be pixels with Y'signals greater than “1”. ThéSe components should be compressed
(or clipped) into the given quantization range. An)example for the specular compression
method is provided in Figure A.1.

NOTE Different proprietary compression methods in/gither Y’ components or R'G’'B’ components are used in
practice.

255 Cc

235 /””_3)\7“—’_,
192 / '

128

o «
))

0 0.5 1

Figure A.1 — Example of the specular compression method
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Annex B
(informative)

Default transformation from 16-hit scRGB values to xvYCC values

B.1 Introduction

This annex describes the default transformation from scRGB (as defined in IEC 61966-2-2))to
xvYCC. Since the dynamic range of scRGB is wider than that of xvYCC, dynamicrange
compression (or clipping) for brighter than white colours is needed in the transformation ‘(see
Annex A for details).

B.2 Transformation from scRGB values to 8-bit xvYCC

The relationship between 16-bit scRGB values and linear R ;qp5.Goras> Bergs Values is
defined as follows:

RscraB = RscRGB(16) +81920)- 05

GSCRGB = GSCRGB(»]G) +8 1 92,0 7 0,5 (B 1 )
BscreB = BscRGB(16) +8192071-05

. A ! !’ !
The linear R ;qp>Gran>Bergs Values are then. transformed to non-linear R',G', B" values as
follows.

If RscRGB ’ GscRGB > BscRGB < _0,0 18

R"5-1099 x (- Rgerap )™*° +0,099
G' = -1099 x (- Ggorap )+ +0,099 (B.2)
B' = -1099 x (- Bgerap )>*° +0,099

If — O’Ol 8 < RSCRGB % GSCRGB > BscRGB < 0’018 ’
R" =450 x RscraB
G' = 4,50 X GSCRGB (BS)
B’ = 4,50 x BscraB

lf RSCRGB > GscRGB ’ BSCRGB > 0,0 1 8 ,

R' =1099 x (Rgerag )>*° — 0,099

G =1099 % (Geerop 1> — 0,099 (B.4)
B' =1099 x (Bserag )+ — 0,099

The relationship between non-linear R',G', B' and xvYCCseo1 is defined as follows:
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Yéo1 02990 05870 011407 R’
Chgoq |=|-01687 -03313 05000 |G’ (B.5)
Créor 05000 -04187 -00813 | B’

The relationship between non-linear R',G', B’ and xvYCCrog is defined as follows:

Yoo 02126 07152 00722 R’
Cbhog |=|-01146 -03854 05000 | G’ (B.6)
Crhog 05000 -04542 -00458 | B’

NOTE If the capturing device is capable of storing Y’ greater than 238/219 (or 1,086 758), dynamic range
compression can be performed at this stage. See Annex A for the descriptions.

and quantization for xvYCC for 24-bit encoding (8-bit/channel) is defined as:

Yywyccs) = round219x ' +16]
Chyyycc(s) = round[224 x Cb' +128] (B.7)
Cryyco(g) =round[224 x Cr' +128]

For 24-bit encoding, the xvYCC values shall be limited to alvange from 1 to 254 according to
equation (22).

For N-bit/channel (N > 8) encoding, the relationship-i§defined as:
Yyvycey) = roundl(219 xY' +16)x 2n—8J

CbxvYCC(N) = TOUnd[(224be’+128)><2n—8] (B_7’)
Crywyce(nvy= round[(224 x Cr' +128)x 2" 8 ]

For N-bit/channel encoding, the xvYCC values shall be limited to a range from “2N-8” to “254 x
2N-8” according to equation (23).
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Annex C
(informative)

xvYCC/ITU-R BT 709 and sYCC/sRGB compatibility

Annex B of IEC 61966-2-1 provides an explanation for the compatibility between sRGB and
ITU-R BT.709. ITU-R BT.709 specifically describes the encoding of the “reference” video
camera, which will produce an “excellent” image when the resulting image is viewed _en a
“reference” display. IEC 61966-2-1 provides a clear and well-defined “reference” display.for a
dim viewing environment.

Figure C.1 illustrates both the sRGB colour space and the extraction of the reference display
specifications (with its viewing conditions) implicit in ITU-R BT.709. By building on this system,
the sRGB colour space provides a display definition that can be used independently from ITU-
R BT.709 while maintaining compatibility. The tree, first arrow, cameray/second arrow and
circled display represent the same concepts as in Figure C.1. The bettom display is identical
to the targeted ITU display and is intended to show that sRGB is_simply the targeted display
of the ITU capture/display system, independent of the capture encoding space.

IEC 2666/05

Figure€:1 — Relationship between ITU-R BT.709 and sRGB

However, this system was based on the CRT displays whose RGB chromaticity is within a
certain tolerance-of the sRGB specification. With the emergence of novel displays based on
other technelogies (for example, LCDs, PDPs, etc.) that are capable of displaying wider
colour gamut, the demands for extended-gamut colour space encoding increased.
IEC 61966-2-1, Amendment 1, was published to answer those needs for storing and
exchanging out-of-sRGB-gamut saturated colours between devices. This sYCC colour space
is @dopted in the Exif file format (JEITA CP-3451) and is now in widespread use in still
imaging applications.

On the other hand, ITU-R BT.709 colour space is utilized for storing and exchanging in most
of the video applications. Therefore, this standard is intended to provide a solution for
extending the gamut of ITU-R BT.709, like sYCC colour space extended the gamut of sRGB

Haaao.

]
COTOCT SPacTs

Figure C.2 illustrates the same flow as Figure C.1, but ITU-R BT.709 is now replaced by
extended-gamut colour space: xvYCC, and sRGB is replaced by sYCC.
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IEC 2667/05

Figure C.2 — Relationship between xvYCC and sYCC
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Annex D
(informative)

Recommended usage of IEC 61966-12-2 for this standard

S

While this standard provides wider colour gamut for consumer electronic (CE) imaging N
devices, it does not specify the target gamut in which captured and/or computer-generatedQ
video contents are rendered, stored, transmitted and then displayed. IEC 61966-12-2 provide

a very useful scheme for describing the target gamut for video contents exchange be%ébn

CE imaging devices. @

Usually CE imaging devices render video contents into a “standard” target disp ,K:hich is
widely used by general users. In most cases, those target display devices can’eg described
by the IEC 61966-12-2’s structure. The scope of IEC 61966-12-2 is based orr%.mique profile
of additive three-primary-colour type displays. Therefore, IEC 61966-12-2 ist\fe ommended for

the use in video exchange in CE imaging devices. @
On the other hand, IEC 61966-12-1 has much higher flexibility with<three classes of profiles
(full, medium and simple). However, as written in the introductiorcgalEC 61966-12-2, it will be
a limitation for CE devices, if a sender device and a recei device are "based on the
IEC 61966-12-1 standard", but cannot understand and intérpret the structure of all three
classes of profiles, as specified below: (1//

s/

a) the receiver device cannot handle the Gamut ID&%%oming contents, if the sender device
sends only full or medium profile;

N
b) the sender device should convert a full profile to a simple one for CE-devices, if the
receiver can receive the simple profile OQ/ But the conversion is not possible for all the
cases. g\\

o)

NOTE Items a) and b) have been copied fro%(e introduction of IEC 61966-12-2.

Informative notes on other exten ggamut colour spaces:

QO
Recently, some other extended-gamut colour spaces have been proposed, such as
ITU-R BT.2020 or SMPTE’@‘428-1 (XYZ), which have much wider gamut than generally used
displays, or sometimes\@rimary colours are defined outside of existing colours (i.e. virtual
colours). In most cases? the gamut of generally used displays in the market is different from

the very wide gam those recently proposed extended gamut colour spaces. The reflection
exposed above\i~ also be applied, in such cases.
S

S
QO
A

O
D
&
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Annex E
(informative)

xvYCCext — a method for pnrnding extended luminance cignal

E.1 General

Recently, video standards for wide colour gamut and high dynamic range (HDR) colour spa

contrast to the previous colour spaces, such as ITU-R BT.709 (high definition televisio
IEC 61966-2-4 (xvYCC), it is a very demanding challenge for the display industry t li

d
ze

wide colour gamut and/or high luminance displays. Therefore, recent mass produc %‘Isplays
for consumer electronics covered only a certain range of wide colour gamt;t\@and high-

luminance image contents.

‘1/

To address this issue, the IEC standard xvYCC (IEC 61966-2-4) specmw e extended wide
e

colour gamut region in 2006. In addition, this annex specifies the e d high-luminan
signal using the overhead region of xvYCC. This extended high-luminance region is able
encode and reproduce the high-luminance signal up to two times re than luminance of t
reference white (R = G = B = 1) of the standard dynamic range @ ) (i.e. SDR-white).
v

As written in Annex A of this document, specular co &ﬁ’ents can be recorded using
vendor-specific specular compression method for xvY glfs

method of encoding an extended luminance signal, c Q%B
to exchange extended luminance signals. When 9\1

same encoding method (xvYCCext), specular cor@ ents will be recovered as defined.

E.2 Extended opto-electronic transfg\characteristics

SDR range (R, G, B < 1) of the opt ctronic transfer function (OETF) is already defined
Formulas (1) to (3). The expan high-luminance signals are additionally encoded by t

ce
to
he

a

ignals. This Annex E describes a
xvYCCext. This coding can be used
he encoder and the decoder use this

in
he

N
C‘el/Qq/

encoding, such as ITU-R BT.2020 (UHDTV) and ITU-R BT.2100 (HDR), were establishednIn

following Formulas (E.1) to (E. 4 here R, G, B is the light linear signal that is normalized by
reference white luminance, a%is\? G’, B' is the resulting non-linear signal.
Ift4(=1) <R, G, B <t&@$2
xO
& R=d o)+
o
Q‘. G'=d- In(G—e) +‘f (E1)
@) B'=d-In(B-e)+f
&TE In(.) is the natural logarithm.
Q/C)é y(Lyw)=a+blL,°,
N with 2 =0,106535, b =-1,07359, ¢ =1,08025
(Lw)
ot oty —t o(tp —1
witha - — MWk o—n) oMol g (E2)

ty —2,2022040p( Ly, o035 olw) 1) 5 2022044y (L, )
e =1-2,202204-d
£ =1099:104° ~0,099 — deIn(ty —e) =1~ deIn(1-e) for t; = 1
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As a first step, the SDR-white luminance (L,, in cd/m?2) dependent gamma values y(L,,) will be
determined using given constants (a, b, and ¢) and a given L,,. Then, the further required

values (d, e, and f) are determined by Formula (E.2). With these obtained values, the
intermediate functions given in Formula (E.1) are calculated.

IfR, G, B >1,(=1,2),

N
R =0(Ly)+R"w) (19(1/
v
3
G =0(Ly, )+ G ) 7 E3)
NO
Q
B =0(Ly)+B" ) ,\f]/
O
S
, With O(Ly, ) = f —tQV(LW) +den(1p —e) g (E4)

X
QCO
Formula (E.3) is an approximation function in a certain lumi ce range of the PQ-OETF of
ITU-R.BT.2100 and depends on a luminance of SDR-white %) and the offset O(L,,).

/
Figure E.1 shows an example of the high Iuminanceb%(%ion of xvYCCext. Over the reference

white (E = 1), the gamma function Ey(LW) is appli@'\n order to include high-luminance colours
such as specular and fluorescence, called "Su@-white" [24].

NOTE E denotes linear R, G, B and E’ denotes non;-{me rrR’, G, B".

O
Formulas (E.1) and (E.3) are the ap Qximation to OETF of ITU-R.BT.2100. The purpose of
the first small region (1 < E < 1’2(=ﬁ described by the smoothing function (Formula (E.1)) is
to maintain smooth transitions en SDR-OETF and the extended high-luminance OETF
(Formula (E.3)). Formula (E.H\*ﬁn fils the same derivative values with the neighbour OETFs
Formula (3) and Formula (Ii\:@at the boundaries E =1 and E = 1,2 (= 1,).

h\
N OETF

]
AN
AN

O ol T
$X E max

SDR High luminance

1) Emax

mY|

IEC

a) Range for E = (0, 2,2)
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A OETF (highlights part) for L,, = 100 cd/m2 to 1 000 cd/m?

11 T

T,08 T

ﬂA
106} ;O
N
1,04 Qq/
K
1,02} @Q
1 X
t2A ) X ) A Emax X - '\%

1 12 14 16 18 2 22 T;LQ

b) high luminance range for E = (1, 2,2) @

Figure E.1 — High luminance region of OETF for t >\$ar|at|on of
the reference white luminance from 100 cdlmz@1 000 cd/m?

In the display industry, the relative signal mapping is s&éf because white luminances of
displays are individual. In contrast, PQ-OETF of ITU-R 100 is the function of the absolute
luminance. With varying luminance of the reference , the shape of OETF in the extended
region (1 < E’'< 1,09475) for "Super-white" will be nged accordingly, where E’ = 1,094 75
denotes a maximum non-linear signal of encodinﬁ;considering upper headroom of xvYCC for
the full range of HDR-10bit system. O

N

The complex equation of OETF of ITU-@BT.2100 is approximated by the gamma function

g/ considering of luminance L,, e reference white at £ = 1.

The fitting coefficients (a, ,Q\c are so optimized that the sufficient average error

(Mean OETFPQ ( LMX@ )D of the approximation below 0,054 percent for

Ly,=2 000 cd/m2 (0,5.5@&3 for 10-bit encoding and 2,2 levels for 12-bit encoding). Figure

E.2 shows the apprd}lmahon error in dependence of the reference white luminance from
100 cd/m? to 2 0@@cd/m2. The mean error increases slightly in proportion to the reference
white Iummancab

>
c)o@
&
éo
S
%
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A Average approximation error

Y v v v T v T

0,05} /

Error [%]

D
\<</C)

0,04 F
0,03 F
0,02+ ] (1/

0,01+

500 1000 1500 2000
L,, [cd/m?

@Q'ﬁsc’

Figure E.2 — Approximation error of OETF
g pp x?*

Figure E.3 shows the result of the fitted gamma values in depe@nce of the white luminance
for the range of 100 cd/m2 to 2 000 cd/m2. The gamma vag‘e‘} are changed from 0,090 8 to

0,106 2. ’
v

v [Ly]

0,105 -

0,1

0,095 -

O o 500 1000 1500 2000

(\)j: L,, [cdm?]

IEC
Fig@‘Eﬁ — Approximated gamma values in function of reference white luminance

Th&xpanded OETF is able to encode the high-luminance signal to a value of more than two
w@»és that of the SDR-white luminance. This factor is shown in Figure E.4 for the range of

OQ‘100 cd/m2 to 2 000 cd/m?2 as a typical luminance range of displays on the market.
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Figure E.4 — Encoderable luminance in multiples of SDR-»@ luminance

E.3 Extended electro-optical transfer characteristics—l/Q

EOTF conversion for the SDR range (R’, G’, B’<1

(.OX

is described in Formula (12) to

Formula (14). EOTF conversion for the extended high(slofgnnance region is as follows.

,\0)
If1 <R, G, B <1,03591 (= E(t=1,2)), (b
,\(\@
R = E@ +e
<<
\% Exp(( /d) e
@
B=Exp((B'-f)/d)+e
A\®$
It R, G*, B> 1,036,91,

O
e R=(R'-0(L,))" )

6=(6'-0(z, )]

5=(8'-0(L,))"")

(E.5)

(E.6)

NOTE For proper encoding and decoding of xvYCC with the extended high-luminance signal, the metadata of

IEC 61966-12-1 and IEC 61966-12-2 can be used.



https://iecnorm.com/api/?name=127d692c5dc49b33d82f50e1551e559b

- 24 - IEC 61966-2-4:2006+AMD1:2016
+AMD2:2021 CSV © IEC 2021

E.4 Digital quantization methods

Signal conversion between the nonlinear R’G’B’ and xvYCC signal is defined in Clause 4 and
Clause 5. And the n-bits digitalization of xvYCC is also defined in these clauses. For proper

encoding of the extended range of the high-luminance signals, more than 10 bits are required. A

C)%
Q‘lx

The xvYCCext would be used for signal coding with extended luminance. If the luminance \ﬂ/
in the xvYCCext domain changes significantly for a given constant chroma, the hue ca
in the YCbCr domain owing to the enormous compression of signals by OETF. To
image processing with a constant colour tone, it is preferred that the xvYCCext signatsi
converted into standard signals (e.g. linear light RGB, tri-stimulus XYZ (see 5 , uniform
colour space of CIELAB, CIE-CAMO02 or HLG of ITU-R-BT-2100), and process |n these

E.5 Image processing consideration

colour spaces. (1/
N -
As an example, a corresponding HLG signal (E'y g) of ITU-R.BT.21§ transformed from
xvYCCext (E') as follows. v
(bx
Q

E'wg = OETFy  (EOTF (E')) (19

M
| S %
WlthEHLG = {RHLG,GHLG,BHLG}forHLG an@@—‘ {R,,G,,B/} for xvYCCext . (E7)
N

First, EOTF(£’) transform can be performec(yith Formula (E.5) and Formula (E.6), and
Subcluse 5.4 to Subclause 5.6. Then, the li signal £ = {R,G,B} can be transformed into the
non-linear HLG signal using OETF g asgl ws.

\\ N3 E for 03E<%
Epf ’
$\\QQ) adn(12-E=b)+c for o <E <t
A . .
with @ = 0,178 83277, b=1-4a,¢=0,5-a - In(4 - a) (E.8)
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COLOUR MEASUREMENT AND MANAGEMENT -

Part 2-4: Colour management —
Extended-gamut YCC colour space
for video applications — xvYCC

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 'IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards,“Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. Interpational, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordanee with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each techhical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internmational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts aresmade to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC\National Committees undertake to apply IEC Publications
transparently to the maximum extent possible\in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independehnt\certification bodies.

All users should ensure that they’have the latest edition of this publication.

No liability shall attach to IEC~or its directors, employees, servants or agents including individual experts and
members of its technical-.committees and IEC National Committees for any personal injury, property damage or
other damage of any \nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out “of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is"drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patentirights. IEC shall not be held responsible for identifying any or all such patent rights.

This)consolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

IEC 61966-2-4 edition 1.2 contains the first edition (2006-01) [documents 100/967/CDV
and 100/1026/RVC] and its corrigendum 1 (2006-11), its amendment 1 (2016-04)
[documents 100/2457A/CDV and 100/2601/RVC] and its amendment 2 (2021-07)

— ____[documents 10073535/CDVand 10073597/RVCT:

This Final version does not show where the technical content is modified by
amendments 1 and 2. A separate Redline version with all changes highlighted is
available in this publication.
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International Standard IEC 61966-2-4 has been prepared by IEC technical committee 100:
Audio, video and multimedia systems and equipment.

The French version of this standard has not been voted upon.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 61966 consists of the following parts, under the general title Multimedia systems and
equipment — Colour measurement and management:

Part 2-1:  Colour management — Default RGB colour space — sRGB

Part 2-2:  Colour management — Extended RGB colour space — scRGB

Part 2-4: Colour management — Extended-gamut YCC colour space for video applications —
xvYCC

Part 2-5:  Colour management — Optional RGB colour space — opRGB

Part 3: Equipment using cathode ray tubes

Part 4: Equipment using liquid crystal display panels
Part 5: Equipment using plasma display panels

Part 6: Front projection displays

Part 7-1:  Colour printers — Reflective prints — RGB inputs

Part 8: Multimedia colour scanners

Part 9: Digital cameras

Part 12-1: Metadata for identification of colour gamut (Gamut ID)

Part 12-2: Simple Metadata format for identification of colour gamut

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the stability date indicated on the I|IEC web site under

"http://webstore.iec.ch"” in the data‘\related to the specific publication. At this date, the
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revisediedition, or

e amended.

IMPORTANT) >~ The 'colour inside’ logo on the cover page of this publication indicates
that it,_ contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

After the publication of IEC 61966-2-1, Amendment 1, the sYCC colour encoding was used to
capture, store and print extended colour gamut for still image applications. Users received

pleasant benefit by exchanging and reproducing wide-gamut colour images.

Recently, various kinds of displays that are capable of producing a wider gamut of colour than
the conventional CRT-based displays are emerging. However, most of the current video
contents that are displayed on conventional displays, are rendered for the sRGB-gamut.
Users of wide-gamut displays could benefit from wide-gamut colour images by video coleur
encoding that supports a larger colour gamut.

This standard defines the “extended-gamut YCC colour space for video applications”. It is
based on the current implementation of YCC colour encoding that is used in the yideo industry
(namely ITU-R BT.709-5) and extends its definition to the wider gamut of colouf range.
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MULTIMEDIA SYSTEMS AND EQUIPMENT -
COLOUR MEASUREMENT AND MANAGEMENT -

Part 2-4: Colour managpmpnf -

Extended-gamut YCC colour space
for video applications — xvYCC

1 Scope

This part of IEC 61966 is applicable to the encoding and communication of YCC, ¢olours used
in video systems and similar applications by defining encoding transformations for use in
defined reference capturing conditions. If actual conditions differ from the reference conditions,
additional rendering transformations may be required. Such additiopal “rendering trans-
formations are beyond the scope of this standard.

2 Normative references

The following referenced documents are indispensable for|the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments)yapplies.

IEC 60050-845:1987, International Electrotechnical Vocabulary (IEV) — Part 845: Lighting

ITU-R Recommendation BT.601-5:1995, Studio encoding parameters of digital television for
standard 4:3 and wide-screen 16:9 aspect-ratios

ITU-R Recommendation BT.709-5:2002, Parameter values for the HDTV standards for
production and international programme exchange

3 Terms and definitions

For the purposes of this document, the following terms and definitions, as well as those
concerning illuminance, luminance, tristimulus, and other related lighting terms given in
IEC 60050-845, apply.

3.1

scene-referred colour encoding

represéntation of estimated colour-space coordinates of the elements of an original scene,
where-a scene is defined to be the relative spectral radiance

3.2

output-referred colour encoding

representation of estimated colour-space coordinates of image data that are appropriate for
specified output device and viewing conditions

3.3

extended gamut

colour gamut extending outside that of the standard sRGB CRT display defined in
IEC 61966-2-1
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3.4
luma
luminance signal as defined by SMPTE/EG28:1993

NOTE 1 To avoid interdisciplinary confusion resulting from the two distinct definitions of luminance, it has been

proposed that the video documents use “luma” for “luminance, television” (i.e., the luminance signal).

NOTE 2 Video systems approximate the lightness response of vision by computing a luma component Y' as a
weighted sum of non-linear (or gamma-corrected) R'G'B' primary components. Luma is often carelessly referred to
as luminance.

4 Colorimetric parameters and related characteristics

This clause defines colorimetric parameters and the related characteristics of reference
capturing devices.

4.1 Primary colours and reference white

The CIE chromaticities for the reference red, green, and blue primary colours, and for
reference white CIE standard illuminant D65, are given in Table 1. These primaries and white
point values are identical to those of ITU-R BT.709-5.

Table 1 — CIE chromaticities for reference primary colours and reference white

Red Green Blue White/D65
X 0,640 0 0,300 0 0,150 0 0,312 7
y 0,330 0 0,600 0 0,060 0 0,329 0
z 0,030 0 0,100,0 0,790 0 0,358 3

4.2 Opto-electronic transfer characteristics

Opto-electronic transfer characteristics are defined as follows.

If R,G,B<-0018,

R’ =-1099x (- R)>* + 0,099
G'=-1099 x (- G)>* + 0,099 (1)
B’ =-1099x (- B)>* + 0,099

If -0018<R,G,B<0,018,

R' =450 R
G'=450xG (2)
B'=450xB

If R,G,B>0,018,

R'=1099 x (R)**° ~0,099
G' =1099 x (G)>* - 0,099 (3)
B' =1099 x(8)**° —0,099
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where R,G, B is a voltage normalized by reference white level and proportional to the implicit

light intensity that would be detected with a reference camera colour channel; R',G', B’ is the
resulting non-linear primary signal.

4.3 YCC (luma-chroma-chroma) encoding methods

The encoding equations from the primary RGB (red-green-blue) signal: R',G’, B’ to the YCC

(luma-chroma-chroma) signal: Y',Cb’,Cr' is defined by the following two methods. It is
important to follow one of the encodings in the specified application.

xvYCCes01, which is implemented mainly in the SDTV (standard-definition telewvision)
applications as defined in ITU-R BT. 601-5, is defined as follows:

Yéo1 02990 05870 01140 R’
Chgo1 |=|-01687 -03313 05000 |G’ (4)

Créon 05000 -04187 -00813 | B’
NOTE The coefficients in equation (4) are from ITU-R BT.601-5 which defines,.Y* of YCC to the three decimal

place accuracy. An additional decimal place is defined above to be consistent\with the other matrix coefficients
defined in this standard.

xvYCCro09, Which is implemented mainly in the HDTV (high-definition television) applications
as defined in ITU-R BT. 709-5, is defined as follows:

Y09 02126 07152 00722 R’
Chygg |=|-01146 —03854 05000 |G’ (5)
Crios 0500 040,454 2 -0,0458 | B’

4.4 Digital quantization methods

Quantization of YCC (luma-chroma-chroma) signal: Y',Cb’,Cr' is defined as follows.

For 8-bit representation:

Yevvccs) = round[219 x Y' +16]
Chyyyccs) = round[224 x Cb' +128] (6)
Cryyyec(s) = round[224 x Cr' +128]

For n-bit\(n* > 8) representation:

Yyvycey) = round[(219 xY' +16)>< 2n—8J
Chyvyce(n) = round[(224 x Cb' + 128)>< 2n—8] @)
Cryvyce(v) = round[(224 x Cr' +128)x 211—8]

NOTE Bit levels “from 0 to 2"8-1” and “from 255 x 2N-8 to 2N-1” (0 and 255, for the case of 8-bit encoding) are

used exclusively for synchronization and are not allowed for storing colour values. Levels from “2N-8” to “255 x 2N-8.
1” (from 1 to 254, for the case of 8-bit encoding) are available.



https://iecnorm.com/api/?name=127d692c5dc49b33d82f50e1551e559b

IEC 61966-2-4:2006+AMD1:2016 -9-
+AMD2:2021 CSV © IEC 2021

5 Encoding transformations

5.1 Introduction

The encoding transiormations between xvYCC values and CIE 193T XYZ values provide
unambiguous methods to represent optimum image colorimetry of the captured scene. Scene
colorimetry is defined as relative to the white objects, assuming that the exposure is properly
controlled. It should be noted that dynamic range compression is needed when storing the
wide dynamic range images (see Annex A for descriptions). Additionally, if the condition of the
capturing device deviates from the ideal condition defined in Clause 4, operations such as
colour compensation, colour correction and a certain degree of colour rendering canf be
performed. However, the methods for these operations are beyond the scope of this standard.

5.2 Transformation from xvYCC values to CIE 1931 XYZ values

For 24-bit encoding (8-bit/channel), the relationship between 8-bit values and-Y',Cb',Cr' is
defined as:

¥' = (Yavooe) —16)/219
Cb' = (Chyvecs) - 128)/224 (8)
CI”' = (CrXVYCC(8) - 128)/224

For N-bit/channel (N > 8) encoding, the relationship betwéen N-bit values and Y',Cb',Cr' is
defined as:

Y,
o xvvccm_m] /219
2N-8
Ch
Ch' = XV;Csc(N)_msJ/zm (9)
2
C
O = | Xveew) —128] /224
2N—8

For xvYCCso1 encoding; the non-linear Y',Cb’',Cr' values are transformed to the non-linear
R',G', B’ values ag.follows:

Rl [10000 00000 14020 | Y4oq
G'|={10000 -03441 -07141 || Cbgpq (10)
B'| [10000 17720 0,000 0 | Crgoq
NOTE The possible range for non-linear R’G’B’ 01y calculated from, for example, equation (10) will be between
=4130732 and 2,0835.
For xvYCCros encoding, the non-linear Y',Cb’',Cr' values are transformed to the non-linear
R',G', B’ values as follows:

Rl [10000 00000 1574 8 | Yioo
G'|=|10000 -01873 —04681 | Chyog (11)
B'| [10000 18556 0,000 0 | Criog

NOTE The possible range for non-linear R'G’B’(709) calculated from, for example, equation (11) will be between
-1,1206 and 2,1305.
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The non-linear R',G', B’ values are then transformed to linear R, G, B values as follows.

If R',G',B'<-0,081

;
(R’ -0,099 045
~1099

1

G- _( G'-0,099 ) 045

12
—-1099 \Z

;
_ (B'~0,099 045
~1099

If —0,081<R',G",B"<0,081

R=R'/A50
G = G'/4,50 (13)
B =B'/A50

If R',G',B'>0,081

]
[ R +0099 0,45
4099

1

o2 (G +0099 ) 045 (14)
1,099

1

B B'+0,099 )0,45
1099

The linear R, G, B values are transformed to CIE 1931 XYZ values as follows:

X 04124 03576 01805 || R
Y|=102126 07152 00722 |G (15)
z 00193 01192 09505 | B

NOTE\._When the capturing device performs dynamic range compression of the brighter-than-white (for example,
specular) components, the compressed colours will be displayed at the top-end range of the "reference" display as
described in Annex C. In this case, the XYZ tristimulus values of the compressed components represent the
colorimetry of the rendered scene, not the colorimetry of the original scene.

5.3 Transformation from CIE 1931 XYZ values to xvYCC values

Tha ClE 19214 YV 7 yualian n-h
e oT=—To0 7t = var 14

P traoncformand to linaaey D D oo o follov -
oco—cart L3 rTeC—to—Tm

)]
(]

aTTITOTTT COT 1C, O, D varoT o oo rommTovwos

R 32410 -15374 -04986 | X
G|=|-0969 2 1876 0 00416 | Y (16)
B 00556 -02040 10570 || Z
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In the xvYCC encoding process, negative RGB tristimulus values and RGB tristimulus values
greater than 1,0 are retained.

The linear R, G, B values are then transformed to non-linear R',G’, B' values as follows.

If R,G,B<-0,018,

R'=-1099x (- R)>* +0,099
G'=-1099 x (- G)>* +0,099 {7
B’ =-1099x (- B)>* +0,099

If -0,018 < R,G,B < 0,018,

R'=450xR
G'=450xG (18)
B'=450xB

If R,G,B=0,018,

R'=1099 x (R)**° ~0,099
G' =1099 x (G)%4°"- 0,099 (19)
B'=1099 x(B)>* — 0,099

The relationship between non-linear R{,G", B’ and xvYCCeo1 is defined as follows:
Yéo1 02990 05870 011407 R’
Cbgoy [=|-01687 -0,3313 0,5000 | G' (20)

Gifio 05000 -04187 -00813 | 5’

The relationship between non-linear R',G', B’ and xvYCCros is defined as follows:

Y09 02126 07152 00722 R’
Chhog |=|-01146 -03854 05000 | G’ (21)
Crho9 05000 -04542 -00458 | B’

NOTE' If the capturing device is capable of storing Y’ greater than 238/219 (or 1,086 758), dynamic range
compression can be performed at this stage. Please refer to Annex A for the descriptions.

and quantization for xvYCC for 24-bit encoding (8-bit/channel) is defined as:

YXVYCC(B) = round[219 xY'+ 16]

CbXVYCC(B) = round[224 xCb" + 128J (22)
Cryyco(s) =round[224 x Cr' +128]

For 24-bit encoding, the xvYCC values shall be limited to a range from 1 to 254 according to
equation (22).

For N-bit/channel ( N > 8) encoding, the relationship is defined as:
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Yywyeev) = roundl(219 xY' +16)>< 2n—8J
Chyvyce(n) = round[(224 xCb" + 128)>< 2n—8] (23)

AV

Croveemv= rnund[(??A x Cr' 4+ 128)x 7”—8]

For N-bit/channel encoding, the xvYCC values shall be limited to a range from “2N-8” to “254 x
2N-8” according to equation (23).
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Annex A
(informative)

Comprpqcinn of cppcular components of Y’ cignalq

This annex describes an example method for the dynamic range compression of the specular
components that are brighter than white in Y’ (or Luma) signal.

In xvYCC colour encoding, linear R,G,B values after equation (8), or non-linear R',G"\B’

values after equations (9) to (11) are not limited between 0 and 1. After the YCC quantization
(equation (14)), the value range will be limited as follows:

Y' signal: -15/219 to +238/219 (or -0,068 493 to +1,086 758)

Cb',Cr' signal: -127/224 to +126/224 (or -0,566 964 to +0,562 500)

For the surface colours, Y’ signals shall be in the range of 0 and-1,) while over-ranged values
(greater than 1,0 or smaller than 0,0) in Cb" and Cr' are usedfor storing saturated colours.

However, if the specular components that are brighter than white exist in a captured image,
there will be pixels with Y'signals greater than “1”. ThéSe components should be compressed
(or clipped) into the given quantization range. An)example for the specular compression
method is provided in Figure A.1.

NOTE Different proprietary compression methods in/gither Y’ components or R'G’'B’ components are used in
practice.

255 Cc

235 /””_3)\7“—’_,
192 / '

128

o «
))

0 0.5 1

Figure A.1 — Example of the specular compression method
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Annex B
(informative)

Default transformation from 16-hit scRGB values to xvYCC values

B.1 Introduction

This annex describes the default transformation from scRGB (as defined in IEC 61966-2-2))to
xvYCC. Since the dynamic range of scRGB is wider than that of xvYCC, dynamicrange
compression (or clipping) for brighter than white colours is needed in the transformation ‘(see
Annex A for details).

B.2 Transformation from scRGB values to 8-bit xvYCC

The relationship between 16-bit scRGB values and linear R ;qp5.Goras> Bergs Values is
defined as follows:

RscraB = RscRGB(16) +81920)- 05

GSCRGB = GSCRGB(»]G) +8 1 92,0 7 0,5 (B 1 )
BscreB = BscRGB(16) +8192071-05

. A ! !’ !
The linear R ;qp>Gran>Bergs Values are then. transformed to non-linear R',G', B" values as
follows.

If RscRGB ’ GscRGB > BscRGB < _0,0 18

R"5-1099 x (- Rgerap )™*° +0,099
G' = -1099 x (- Ggorap )+ +0,099 (B.2)
B' = -1099 x (- Bgerap )>*° +0,099

If — O’Ol 8 < RSCRGB % GSCRGB > BscRGB < 0’018 ’
R" =450 x RscraB
G' = 4,50 X GSCRGB (BS)
B’ = 4,50 x BscraB

lf RSCRGB > GscRGB ’ BSCRGB > 0,0 1 8 ,

R' =1099 x (Rgerag )>*° — 0,099

G =1099 % (Geerop 1> — 0,099 (B.4)
B' =1099 x (Bserag )+ — 0,099

The relationship between non-linear R',G', B' and xvYCCseo1 is defined as follows:
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Yéo1 02990 05870 011407 R’
Chgoq |=|-01687 -03313 05000 |G’ (B.5)
Créor 05000 -04187 -00813 | B’

The relationship between non-linear R',G', B’ and xvYCCrog is defined as follows:

Yoo 02126 07152 00722 R’
Cbhog |=|-01146 -03854 05000 | G’ (B.6)
Crhog 05000 -04542 -00458 | B’

NOTE If the capturing device is capable of storing Y’ greater than 238/219 (or 1,086 758), dynamic range
compression can be performed at this stage. See Annex A for the descriptions.

and quantization for xvYCC for 24-bit encoding (8-bit/channel) is defined as:

Yywyccs) = round219x ' +16]
Chyyycc(s) = round[224 x Cb' +128] (B.7)
Cryyco(g) =round[224 x Cr' +128]

For 24-bit encoding, the xvYCC values shall be limited to alvange from 1 to 254 according to
equation (22).

For N-bit/channel (N > 8) encoding, the relationship-i§defined as:
Yyvycey) = roundl(219 xY' +16)x 2n—8J

CbxvYCC(N) = TOUnd[(224be’+128)><2n—8] (B_7’)
Crywyce(nvy= round[(224 x Cr' +128)x 2" 8 ]

For N-bit/channel encoding, the xvYCC values shall be limited to a range from “2N-8” to “254 x
2N-8” according to equation (23).
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Annex C
(informative)

xvYCC/ITU-R BT 709 and sYCC/sRGB compatibility

Annex B of IEC 61966-2-1 provides an explanation for the compatibility between sRGB and
ITU-R BT.709. ITU-R BT.709 specifically describes the encoding of the “reference” video
camera, which will produce an “excellent” image when the resulting image is viewed _en a
“reference” display. IEC 61966-2-1 provides a clear and well-defined “reference” display.for a
dim viewing environment.

Figure C.1 illustrates both the sRGB colour space and the extraction of the reference display
specifications (with its viewing conditions) implicit in ITU-R BT.709. By building on this system,
the sRGB colour space provides a display definition that can be used independently from ITU-
R BT.709 while maintaining compatibility. The tree, first arrow, cameray/second arrow and
circled display represent the same concepts as in Figure C.1. The bettom display is identical
to the targeted ITU display and is intended to show that sRGB is_simply the targeted display
of the ITU capture/display system, independent of the capture encoding space.

IEC 2666/05

Figure€:1 — Relationship between ITU-R BT.709 and sRGB

However, this system was based on the CRT displays whose RGB chromaticity is within a
certain tolerance-of the sRGB specification. With the emergence of novel displays based on
other technelogies (for example, LCDs, PDPs, etc.) that are capable of displaying wider
colour gamut, the demands for extended-gamut colour space encoding increased.
IEC 61966-2-1, Amendment 1, was published to answer those needs for storing and
exchanging out-of-sRGB-gamut saturated colours between devices. This sYCC colour space
is @dopted in the Exif file format (JEITA CP-3451) and is now in widespread use in still
imaging applications.

On the other hand, ITU-R BT.709 colour space is utilized for storing and exchanging in most
of the video applications. Therefore, this standard is intended to provide a solution for
extending the gamut of ITU-R BT.709, like sYCC colour space extended the gamut of sRGB

Haaao.

]
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Figure C.2 illustrates the same flow as Figure C.1, but ITU-R BT.709 is now replaced by
extended-gamut colour space: xvYCC, and sRGB is replaced by sYCC.
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