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FOREWORD

This amendment has been prepared by Technical Area 2: Colour measurement and
management, of IEC technical committee 100: Audio, video and multimedia systems
and equipment and ISO TC 42: Photography.

The text of this amendment is based on the following documents:

FDtS Reportom voting

100/555A/FDIS 100/625/RVD

Full information on the voting for the approval of this amendment can be found in the report on
voting indicated in the above table.

It is published as a double logo standard.

In the ISO the Standard has been approved by 10 P-members out of 10 having cast the vote.

Page 5
CONTENTS
Add the titles of Annexes F, G and H as follows:

Annex F (normative) Default YCC engading transformation for a standard luma-chroma-
chroma colour space: sYCC

Annex G (informative) Extended'gamut encoding for sRGB: bg-sRGB and its YCC
transformation: bg-sYCC

Annex H (informative) ( GIELAB (L*a*b*) transformation

Page 49

Add the-following new Annexes F, G and H after Annex E:
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Annex F
(normative)

Default YCC encoding transformation for a
standard luma-chroma-chroma colour space: sYCC

The method of digitization in this annex is designed to complement current sRGB-based coleur
management strategies by explicitly standardizing a default transformation between sRGB and
a standard luma-chroma-chroma colour space (sYCC). Application and hardware deyelopers
who want to support various colour compression schemes based on luma-chronma-chroma
spaces can utilize this annex. Since this sYCC colour space is a simple extension.of\the sRGB
colour space as defined in this standard, the same reference conditions are shared by both
colour spaces.

F.1 General

The encoding transformations between sYCC values and CIE~4931 XYZ values provide
unambiguous methods to represent optimum image colorimetry 'when viewed on a hypothetical
reference display that is capable of producing all colours defined by sYCC encoding, in the
reference viewing conditions by the reference observet. )Non-linear floating point sR'G'B’
represent the appearance of the image as displayed on‘the reference display in the reference
viewing condition described in Clause 4 of this standard.

F.2 Transformation from sYCC values{ Ysycc, Chsyce: Crsycc ) to CIE 1931 XYZ
values

The non-linear sY'C,,'C,’ values can becgomputed using the following relationship:

Yévée = (Ysyce — KDC)/(WDC - KDC)
Chivce = (Chsyce — Offset)/ Range (F.1)
Crévee = (Crsycc — Offset)/Range

For 24-bit encoding\(8-bit/channel), WDC = 255, KDC = 0, Range = 255, and Offset = 128, and
the relationship is'defined as;

YS’YCC YSYCC(g) - 0)/(255 - 0) = YSYCC(g) /255
Chbgvce = |Chsvcc g ~128)/255 (F.2)

CVS,YCC = CrSYCC(g) —-128 /255

24-bit encoding (8-bit/channel) shall be the default sYCC encoding bit depth. Other bit depths
may be unsupported for general use.

Where other N-bit/channel encoding is supported ( N >8), the relationship is defined as;
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] _ N
Ysvyce = Ysyeey, / (2 —1)
' _ N-1 N '
Chiyvoe = (CbsYCC(N) -2 )/ (2 —1) (F.2'

' — N-1 N
Crsyce = (C"sYCC(N) -2 )/ (2 _1)

For 24-bit encoding (8-bit/channel), the non-linear sY'C,'C," values are transformed to the non-
linear sR'G'B' values as follows;

Rigge | [10000 00000 140207 Yéyce
Gerag |=[1000 0 -03441 =-07141 | Chiyce (F.3)
Birgg | |[10000 17720 0,000 0 | Crévce

For N-bit/channel encoding (N >8), it is recommended to replace the matrix-coefficients in the
equation F.3 with the coefficients of the inverse matrix of the equation “F.12 with enough
accuracy decimal points. For example, following matrix with 6 decimal points has enough
accuracy for the case of 16-bit/channel.

Rirga | [1000 000 0,000 037 1401988 | Yaycc
Girgs | =[1000 000 -0344113 -0714104 | Chiyce (F.3)
Bires | |1000 000 1771978 {6,000 135 | Crivee

The non-linear sR'G'B’ values are then transformed:\to CIE 1931 XYZ values as follows:

If  RsreB»GsreBsBsrap < —0,040 45

L —R'R + 0,055 i
RSRGB Wl ( sRGB )/,055

[ —G'R + 0,055 1~
GSRGB = ( sRGB )/,055 (F.4)

_ [(-B: +0,055 1
BsrgB =~ ( sRGB %055

If —0,040 45& Rirge. Giras. Birap < 0,040 45,

RsreB = Rsrap +12.92
GsreB = Gsrap 12,92 (F.5)
BsreB = Bsrap 12,92

If ResreB>GsreBsBsra > 0,040 45,

_[(R: +0,055 ]
RsrGB = ( sRGB %055

[(Ge +0,055 1°
GsreB = (Geres %055 (F.6)

_[(B: +0,055 |
BsrgB = ( sRGB %055
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For 24-bit encoding (8-bit/channel), the linear sRGB values are transformed to CIE 1931 XYZ
values as follows:

X1 [04124 03576 01805 | Rsrap
Y [=]02126 07152 00722 | Gsras (F.7)
Z| 100193 01192 09505 | Bsras

F.3 Transformation from CIE 1931 XYZ values to sYCC values
(Ysycc » Chsyco Crsyec )

The CIE 1931 XYZ values can be transformed to non-linear sR'G'B’ values as follows

RsraB 32406 -15372 -04986 X
Gerog |=|—-09689 18758 00415 | Y (F.8)
BsraB 00557 =-02040 10570 || Z

For N-bit/channel encoding (N >8), it is recommended to replaeé the matrix coefficients in the
equation F.8 with the coefficients of the inverse matrix- of the equation F.7 with enough
accuracy decimal points. For example, following matrix with 7 decimal points has enough
accuracy for the case of 16-bit/channel.

RsroB 3240 6255 ~-15372080 —0498 628 6 [ X
Gerop | =|-09689307 ~ 18757561 00415175 || ¥ (F.8"
BsroB 0,055 710 100,204 0211 1,056 9959 || Z

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

If RsreB:GsreB:Bsrop <=0,003 130 8

Rigres = —1055% (- Rerap )(1'0/2’4) +0,055
Giras = —1,055% (- Gsrap )(1'0’ 24) 4 0,055 (F.9)
Biras = ~1055 (= Berag 0! 24 + 0,055

If =0,0031308< RSRGB’GSRGB’BSRGB <0,003130 8,

KsrGB = 1472 % KsRGB
Gsrop = 12.92% Gsrap (F.10)
BsraB =12,92% BsraB
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If RSRGB’GSRGB’BSRGB > (0,003 130 8,

RereB = 1,055 % (RSRGB )(1’0/2’4) -0,055
Gsrop = 1055 (Gsras )(1’0/2’4) -0,055 (F.11)

The relationship between non-linear sRGB and sYCC is defined as follows:

Ysyce 02990 05870 01140 | Rirge
Chiyee |=1-01687 -03313 0,500 0 | Gerei (F.12)
Crsyce 05000 -04187 —0,0813 || Bsrar

NOTE The coefficients in equation F.12 are from ITU-R BT.601-5. The ITU-R BT.601-5 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.

And quantization for sYCC is defined as;

Yeveo = round[(WDC - KDC)x Yiyceh+ KDC|
Chbgyce = I'OUﬂd[(Range X Cb'SYCC ) + Oﬁ’set] (F.13)
Crsyce = round[(Range X CréYCC) 4 Oﬁ’set]

For 24-bit encoding (8-bit/channel), the relationship\is defined as:

Yevceg = round|(255 —0)%Yeycc + 0] = round 255 x Y2yccl
Chevcog = round|(255%Chy e ) +128] (F.14)
Crevcog = round[(255 x Criyec ) +128]

For 24-bit encoding, the sYCC(S) values shall be limited to a range from 0 to 255 after equation
F.14.

24-bit encoding (8-bit/channel) shall be the default sYCC encoding bit depth. Other bit depths
may be unsupported in general use.

Where other\N=-bit/channel encoding is supported ( N >8), the relationship is defined as;

— N '
YSYCC(N) = round[(2 —1)X YSYCCJ

quv(*r‘\h,} = round.((2N - 1)x Chivee )+ 2N_1] (F.14"

ANY 7 7

CrSYCC(N) = round[((zN - l)x CrS'YCC)-'- 2N_1]

For N-bit/channel encoding (N >8), the sYCC(N) values shall be limited to a range from 0 to
2N_1 after equation F.14".
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F.4 Transformation from 8-bit sYCC values (Ysycc(s), CbsYCC(S), CVsYCC(B))

to 8-bit SRGB values ( Rsrgp(s): GsrReB(8): BsrGB(8))

Ysvce = Ysvec, /255
Chsyoc = Chsyccy, —128)/255 (F.15)
Creyge = ‘Cl’cvr‘r*\a} —128’//255

Riges | [1,0000 00000 140207 Yiyec
Gerog | =[1,0000 =-03441 -0,7141 || Chiyce (F.16)
Birgg | [10000 17720 0,000 0 | Crivee

RsraB(8) =round(255x Rsrag )
GsroB(s) =round(255x Gsren) (F.17)
Bsrep(g) =round(255 x Bspgp )

NOTE Since 8 bit sYCC values are not limited by the gamut of 8 bit;sSRGB values, some kind of mapping is
needed for the colours that contains over-ranged non-linear floating point*sR'G'B’ tristimulus values (under 0,0 or
over 1,0), when converting 8 bit sYCC to 8 bit sRGB.

F.5 Transformation from 8-bit sSRGB valuées ( Rsrgp(s), GsraB(8): BsraB(@S))
to 8-bit sYCC values (Ysycc(s), CbsYCC(8)1 CVsYCC(s))

RigcB = Rsrap(s) /255
GereB = GsraB(8) /255 (F.18)
BsreB = Bsrep(g) /255

Ysyce 02990 05870 01140 | Rergr
Chiyce |=1-01687 -03313 0,500 0 | Gerer (F.19)
Créivee 05000 -04187 —0,0813 || Bsrar

Yevceg =round(255x Yevee)
Cbsyceg) = round[(255 x Chiycc ) +128) (F.20)

Creyccy =round|(255x Criyec ) +128]
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Annex G
(informative)

Extended gamut encoding for sRGB: bg-sRGB
and its YCC transformation: bg-sYCC

G.1 General

This annex provides equations necessary for extended gamut encoding for sRGB./While the
main body of this standard imply that extended gamut encoding is possible by replacing the
KDC and WDC variables in equations 2 and 11, no clear recommendation is givén="This annex
provides such specific recommendations, where for 10 bits, KDC = 384 _and WDC = 894

(KDC=3><2(N_3) and WDC=255><2(N_9)+KDC, for N bits where N >10):)This encoding is
called bg-sRGB, and its YCC transformation is called bg-sYCC.

G.2 Transformation from bg-sRGB values (R, _sras: GhgrsrReB: Bbg-srGB)
to CIE 1931 XYZ values

The non-linear floating point sSR'G'B’ values can be computed using following relationship

Rres = (Rog-srep — KRC)/(WDC - KDC)
G'SRGB = (Gbg-sRGB —KDC)/(WDC —KDC) (G.1)
Bsre = (Bbg-sRGB -KDC )/ (wpC - kDC)

For 30-bit encoding (10-bit/channel), #.DC = 894, KDC = 384, and the relationship is defined as;

(Rbg-sRGB(m) -384)

RsreB = 510
. (Gbg-sRGB(m) _384)

GsraB = 510 (G.2)
' _ (Bbg-SRGB(m) _384)

BsreB = 310

30-bit-encoding (10-bit/channel) shall be the default bg-sRGB encoding bit depth. Other bit
depths may be unsupported in general use.

Where other N-bit/channel encoding is supported (N >10), the relationship is defined as;

_ (Rbg-sRGB(N) B (3 xz(N_S)))

Hores = 255x2(V=9)
N-3
G _ (Gbg-SRGB(N) —(3)(2( ))) (G.2))
sRGB — :
255x2(N=9)
N-3
' Bbg-SRGB(NO) - =2l )))
BsraB =

255%x2(V=9)
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The non-linear sR'G'B’ values are then transformed to CIE 1931 XYZ values as follows:

If RsreBsGsraB)Bsrap < —0,040 45

(o 12,4
_ |\=R + 0,055 ’
RsrGB =~ ( sRGB %055
_ [~ Glapn +0055) 24
USRGB - —| \ SN\NUOD 11,055 (b.d)
- 12,4
_ | = B¢ + 0,055 '
BsroB =~ ( sRGB %055

If  —0,04045 < Rirgp, GaraBs Birap < 0,04045

RsreB = Rsrap 1292
GsreB = Gsrap 12,92 (G.4)
BsreB = Bsrap +12,92

If  RsreB,GsreB: Bsrap > 0,040 45,

_[(R: +0,055 ]
RsraB = ( sRGB %055

(Gerog +0055)/  1”
Genos =| (Ga8os %055 (G.5)

(B! +0,055 1
BsrGR\= ( sRGB %055

For 24-bit encoding (8-bit/channel), the linear sRGB values are transformed to CIE 1931 XYZ
values as follows:

X7 04124 03576 01805 | Rsrap
Y [=|62126 07152 00722 | Gsrag | (G.6)
Z [+.]0,0193 01192 09505 | Bsras

G.3-< Transformation from CIE 1931 XYZ values to bg-sRGB values
(Rpg-srRGB» Gbg-sRGB» Bbg-sRGB)

The CIE 1931 XYZ values can be transformed to non-linear sR'G'B’ values as follows

RsRGB 32406 -15372 -04986 X
Gsrap |=[-09689 18758 00415 | Y (G.7)
B<RGB 00557 -02040 10570 | Z
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For N-bit/channel encoding (N >10), it is recommended to replace the matrix coefficients in
the equation G.7 with the coefficients of the inverse matrix of the equation G.6 with enough
accuracy decimal points. For example, following matrix with 7 decimal points has enough
accuracy for the case of 16-bit/channel.

GsrGB —0,968 930 7 1875 756 1 0,0415175 | Y (G.7")

{RSRGBW ( 3240 6255 —15372080 —0,498 6286 MXW

| Bsre | | 00557101 -02040211 10569959 || Z

In the bg-sRGB encoding process, negative sRGB tristimulus values, and sRGB tristimulus
values greater than 1,0 are retained.

If RsrgB>GsraBBsrae < —0,0031308

Rirep = 1055 (- Rerap )"/ > +0,055
Girap = —1,055% (- Gerap )0/ > +0,055 (G.8)
Birgs = ~1,055% (- Brgg )0/ > 40,055

If -=0,0031308 < RSRGB , GSRGB 1BSRGB <0,0031308,

RsreB = 1292X RsraB
GsraB =1292% GsraB (G.9)
Bsrepo1292 % Bsrap

If RsrgB:GsreBBsrae > 0,0031308 ,

Rirgp = 1055 (Rsrap )"’ > - 0,055
Girop = 1055 (Gerag )"/ - 0,055 (G.10)
Bsrgp = 1,055 (BsRGB )(1’0/ 24) _ 0,055

Quantization forbg-sRGB is defined as;

Rug-skaB =round|(WDC - KDC)x Riggp + KDC]
Gpg-srag = round|[(WDC - KDC)x Girap + KDC] (G.11)
Bpg-srap = round[(WDC - KDC)x Birgg + KDC]

For 30-bit encoding (10-bit/channel), WDC = 894, KDC = 384, and the relationship is
defined as;

Rog-sRGB4q) = round(Rirgp X 510 +384)
Gbg-sRGB<1O) = round(GéRGB ><510+384) (G.12)

Bhg-sRGB1q) = round(Birgg %510 +384)
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For 30-bit encoding, the bg- sRGB(m) values shall be limited to a range from 0 to 1023 after
equation G.12.

30-bit encoding (10-bit/channel) shall be the default bg-sRGB encoding bit depth. Other bit
depths may be unsupported in general use.

Where other N-bit/channel encoding is supported (N >10), the relationship is defined as;

N-9
Rpg- SRGB(N) = round[RsRGB (255 x 2 ))+( )J

For N-bit/channel encoding (N >10), the bg-sRGBy values shall be limited to"a range from 0
to 2N — 1 after equation G.12".

G.4 Transformation between sRGB 8-bit values ( Rsrap($iy Gsrep(8): Bsrap(s)) and
bg-sRGB 10-bit values( Rny.sreB(10): Obg-sRGB(10): Bbg-sRGB(10) )

The transformation between sRGB 8-bit values and bg<sRGB 10-bit values can be computed
using following relationship

Rbg-sRGBy1g) = \RsRGBg) X2+ 384
Gbg-SRGB(10) A GSRGB x2)+384 (G.13)

Bpbg-sRGB4gy = \BsRaBg) X2+ 384

RSRGB(S) =round Rbg-SRGB(m) —-384|+2
GSRGB(g) =round Gbg-SRGB(m) —384|+2 (G.14)
BSRGB(B) =round Bbg-SRGB(m) —-384)+2
After equation G144, the SRGB(S) values shall be limited to a range from 0 to 255.
For the case\of N bit encoding;
— N-9 N-3
Rbg-srRGB() = (RSRGB(S) *2 )+ (3X2( ))

Ghg-sRGRgy = (GQRGR<3> X 2N_9)+ (3 X 2(N_3)) (G.13")

- N-9 N-3
Bpg-srGB() = \BsRGBg) X2 )+(3X2( ))

RsRGB g =roundl(Rbg SRGBy, _(3x2(N—3)))+2N—9J
CsRaByg) round[(Gbg SRGB( (3"2(N 3))) 2N_9] (G.14")

— N=-3)|)|-~AN-9
BSRGB(B) _round[(Bbg-SRGB(N) —(3)(2( )))—2 ]

After equation G.14’, the sRGB g values is limited to a range from 0 to 2N—1.
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G.5 Transformation from bg-sYCC values ( Ryg_srgB: Ghg-srRGB: Bbg-srRGB)
to CIE 1931 XYZ values

The non-linear floating point sY'C’,C’, values can be computed using following relationship

Yevee = (Yog-svec = KDC)/(WDC - KDC)
Chgyce = (Cbbq-sYCC - Oﬁ’set)/Range (G.15)

Crevee = (C”bg-sYCC - Oﬁ%et)/ Range

For 30-bit encoding (10-bit/channel), WDC = 1023, KDC = 0, Range = 1023/2, Offset =542, and
the relationship is defined as;

ng -sYCC10)

Yevce = 1033
Chpg-syCCpyg) ~312
' _ (10)
Chgycc = S1Ls (G.16)
, C’bg-SYCC(10) _512
Crsvce = 5115

30-bit encoding (10-bit/channel) shall be the defaultbg-sYCC encoding bit depth. Other bit
depths may be unsupported in general use.

Where other N-bit/channel encoding is supperted ( N >10), the relationship is defined as;

Cb'SYCC = (2]\/ 1) 5 (G.16")
N-1
, C’bg-SYCC(N) 2
Crsyce = (2 ¥ 1) 5

For 30-bit.encoding (10-bit/channel), the non-linear sY'C’ C’, values are then transformed to
the non-linear sR'G'B’ values as follows,

R'SRGBW P,oooo 0,0000 1,402 0 [YS'YCC

= 000 N2441 07141

o
3

o~

G'SR(JB = I,OUU J J,JTTr 1 JV,7 17T 1 Cb'SYL/LJ
[BQRGBJ [1,000 0 17720 00000 J{CrS'YCCJ

For N-bit/channel encoding (N >10), it is recommended to replace the matrix coefficients
in the equation G.17 with the coefficients of the inverse matrix of the equation G.18 with
enough accuracy decimal points. For example, following matrix with 6 decimal points
has enough accuracy for the case of 16-bit/channel.
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Riggs | [1000 000 0,000 037 1401988 | Yayec
Bires | |1000000 1771978 0,000 135 || Criyce

The non-linear sR'G'B’ values are then transformed to CIE 1931 XYZ values using G.3, G.4,
G.5,and G.6

G.6 Transformation from CIE 1931 XYZ values to bg-sYCC values
(Yog-syccs Chpg-syccs Crog-sycc)

Transformation from CIE 1931 XYZ values to the non-linear sR'G'B’ values are defined in G.7
(or G.7'), G.8, G.9, and G.10.

The relationship between non-linear sR'G'B' and sY'C’,C’, is defined as follqws:

Yavee 02990 05870 0114 0 | RGREs
Chiyec |=|-01687 =03313 0,500 0 {‘Glrar (G.18)
Crivee 05000 -04187 -0081"37 Birea

NOTE The coefficients in equation F.18 are from ITU-R BT.601-5./The/ITU-R BT.601-5 defines Y of YCC to the
three decimal place accuracy. An additional decimal place is definedvabove to be consistent with the other matrix
coefficients defined in this standard.

Quantization for bg-sYCC is defined as;

Yog-syce = round[(#DC - KDC)x Ygycc + KDC]
Cbbg-sYCC = round[(Range X Cb'SYCC ) + Oﬁ%et] (G.19)
Crpg-sycc = round[(Range x Crsyce ) + Oﬁ@et]
For 30-bit encoding (10-bit/channel), WDC = 1023, KDC = 0, Range = 1023/2, Offset = 512, and
the relationship is defined as;
ng_sYCC(m) = round(l 023 x YS'YCC)

1023 x Ch,
Chhg-s¥CCyrg) =round(%+5lzj (G. 20)

1023 x Crg
C’bg-SYCC(m) = round(% + 512]

Eoar 30-bit nnr\nr‘ling, the hg-eY(‘(‘UU) values shall be limited to a range from Q to 1023 after

equation G.20.

30-bit encoding (10-bit/channel) shall be the default bg-sYCC encoding bit depth. Other bit
depths may be unsupported in general use.

Where other N-bit/channel encoding is supported (N >10), the relationship is defined as;
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— N '
Yog-syceyy =round (2 ‘1)x YsYCCJ

oY —1)x Cb; -
Chpg-syccy, = round ( : SYCC 4oV 1} (G.20)

C’bg-sYCC(N) =round

N .
(2 _l)x Crsycc +2N—1J
2

For N-bit/channel encoding (N >10), the bg-sYCC(N) values shall be limited to a range from)0
to 2N—1 after equation G.20'.

The maximum luminance of the achromatic axis of bg-sYCC is equal to 1,0. The.,minimum
luminance of the achromatic axis of bg-sYCC is equal to 0,0.

NOTE The denominator “2” for Cb and Cr is for covering all optimal colour range. See pp.179+)181 of [16]

G.7 Transformation from bg-sRGB ( Ryg.sreB: Gbg-sRGB» Bog-sRGB)
to bg-sYCC values (g sycc: Chog-sycc: Crbg-sycc)

The transformation from bg-sRGB 10-bit values to bg-sYCE)10-bit values can be computed
using the equations, G.2, G.18 and G.20. For the case of N _bit encoding, equations, G.2', G.18
and G.20' should be used.

G.8 Transformation from bg-sYCC (Yyg.cvcc: Chpg-sycc: Crbg-sycc)
to bg-sRGB values (RygsraB Obg:sRGB: Bbg-sRGB)

The transformation from bg-sYCC 10sbit values and bg-sRGB 10-bit values can be computed
using the equations, G.16, G.17 and, G.12. For the case of N bit encoding, equations, G.16',
G.17 and G.12' should be used.
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