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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Introduction

This part of ISO 22028 has been developed in order to meet the industry need for a complete, fully-
documented, publicly-available definition of a wide-primary output-referred extended gamut red-
green-blue (RGB) colour image encoding. This colour image encoding provides a way to represent
output-referred images that does not limit the colour gamut to those colours capable of being displayed
on typical monitors, as is the case with the sRGB colour encoding, or require the use of negative RGB
colourimetry coordinates, as is the case with extended sRGB colour encodings like bg-sRGB.

An extended colour-gamut colour encoding is particularly desirable for professional photography
applications. For example, colours used for company logos can be outside a monitor gamyt|and would
therefore need to be clipped or compressed to a less saturated colour. Similarly, photdgraphic prints
can|contain colours outside a monitor RGB colour gamut. By using a standard output-referrefd extended
ganmut colour image encoding, images containing such colours can be stored, interch@anged, manipulated,
and|later printed, without limiting or distorting the colours of the final output.

The Reference output medium metric RGB (ROMM RGB) colour image encodihg specified in this part of
[SO|22028 meets the needs of these types of applications.

© IS0 2013 - All rights reserved v
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document using a colour printer.

Scope

5 part of ISO 22028 defines a family of extended colour-gatnut output-referred RGB co
bdings designated as reference output medium metric RGB'(ROMM RGB). Digital imag
g ROMM RGB can be manipulated, stored, transmitted, displayed, or printed by digital 3
ging systems. Three precision levels are defined using'8-, 12- and 16-bits/channel.

Normative references

following documents, in whole or in part,"are normatively referenced in this docume

15076-1:2010, Image technology colour management — Architecture, profile forma
cture — Part 1: Based on ICC:2010

22028-1:2004, Photography and graphic technology — Extended colour encodings for dj
age, manipulation and-interchange — Part 1: Architecture and requirements

11664-1:2007, (CIES 014-1/E:2006) Colorimetry - Part 1: CIE standard colorimetric observ

Terms aid definitions

the putposes of this document, the following terms and definitions apply.

3.1

r printing

lour image
bs encoded
till picture

nt and are

spensable for its application. For datéd references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

(%)

and data

pital image

ers

adapted white
colour stimulus that an observer who is adapted to the viewing environment would judge to be perfectly
achromatic and to have a luminance factor of unity; i.e. absolute colorimetric coordinates that an
observer would consider to be a perfect white diffuser

Note 1 to entry: The adapted white can vary within a scene.
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3.2

additive RGB colour space

colorimetric colour space having three colour primaries (generally red, green and blue) such that CIE
XYZ tristimulus values can be determined from the RGB colour space values by forming a weighted
combination of the CIE XYZ tristimulus values for the individual colour primaries, where the weights are
proportional to the radiometrically linear colour space values for the corresponding colour primaries

Note 1 to entry: Asimple linear 3 x 3 matrix transformation can be used to transform between CIE XYZ tristimulus
values and the radiometrically linear colour space values for an additive RGB colour space.

Note 2 to entry: Additive RGB colour spaces are defined by specifying the CIE chromaticity values for a set of

additive RGBprimaries and a colour space white point, together with a colour component transter runction.

3.3

colorimetric colour space

colour spage having an exact and simple relationship to CIE colorimetric values

Note 1 to enftry: Colourimetric colour spaces include those defined by CIE (e.g. CIE XYZ, CIELAB, CIELUV), as well
as colour spces that are simple transformations of those colour spaces (e.g. additive RGB @olour spaces).

3.4

colour component transfer function

single varipble, monotonic mathematical function applied individually to‘ene or more colour chanhels
of a colour|space

Note 1 to erjtry: Colour component transfer functions are frequently used to account for the nonlinear respgnse
of a refereng¢e device and/or to improve the visual uniformity of a colour space.

Note 2 to erftry: Generally, colour component transfer functions<will be nonlinear functions such as a powertlaw

(i.e. “gamm

h”) function or a logarithmic function. However, in some cases a linear colour component tran

function can be used.

3.5

colour end
generic ter
encodings

3.6
colour gar

oding
m for a quantized digital encoding of a colour space, encompassing both colour s
hnd colour image encodings

nut

solid in a c¢lour space, consistingof all those colours that are either: present in a specific scene, artw|

photograp
output dev|

3.7

1, photomechanical;or other reproduction; or capable of being created using a partic
ice and/or meditim

colour im4

ge encoding

digital encpding af*the colour values for a digital image, including the specification of a colour sf
encoding, fogether with any information necessary to properly interpret the colour values such as
image statg,‘the intended image viewing environment and the reference medium

sfer

ace

Drk,
1lar

ace
the

Note 1 to entry: In some cases, the intended image viewing environment will be explicitly defined for the colour
image encoding. In other cases, the intended image viewing environment can be specified on an image-by-image
basis using metadata associated with the digital image.

Note 2 to entry: Some colour image encodings will indicate particular reference medium characteristics, such as
areflection print with a specified density range. In other cases, the reference medium will be not applicable, such
as with a scene-referred colour image encoding, or will be specified using image metadata.

Note 3 to entry: Colour image encodings are not limited to pictorial digital images that originate from an original

scene, but are also applicable to digital images with content such as text, line art, vector graphics and other forms
of original artwork.
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3.8
colour rendering

mapping of image data representing the colour space coordinates of the elements of a scene to output-

referred image data representing the colour space coordinates of the elements of a reproduc

Note 1 to entry: Colour rendering generally consists of one or more of the

— compensating for differences in the input and output viewing conditions;

tion

following:

— tone scale and gamut mapping to map the scene colours onto the dynamic range and colour gamut of the

reproduction.:
o 7

— |applying preference adjustments.

3.9
colour space
geometric representation of colours in space, usually of three dimensions

[CIH Publication 17.4:1987, 845-03-25]

3.1

colgur space encoding

digital encoding of a colour space, including the specification of@-digital encoding method, a
spafe value range

Note¢ 1 to entry: Multiple colour space encodings can be defined-based on a single colour space where {
colaur space encodings have different digital encoding methods and/or colour space value ranges. (}
8-bik sSRGB and 10-bit e-sRGB are different colour space encédings based on a particular RGB colour s

3.1
colour space white point
colqur stimulus to which colour space valueS)are normalized

Note 1 to entry: It is not necessary that the colour space white point correspond to the assumed ad|
poinpt and/or the reference medium white point for a colour image encoding.

3.12
continuous colour space values
real-valued, unbounded colour space values that have not been encoded using a digital encod

3.1
extended gamut
colgur gamut extending outside that of the standard sRGB reference display as defined by IE(

3.1
gamut mapping
mapping of the colour space coordinates of the elements of a source image to colour space ¢

hd a colour

he different
or example,
pace.)

hpted white

ng method

61966-2-1

oordinates

of theelements of a reproduction to compensate for differences in the source and output med

ium colour

gamut capability

Note 1 to entry: The term “gamut mapping” is somewhat more restrictive than the term “colour rendering”
because gamut mapping is performed on colourimetry that has already been adjusted to compensate for viewing
condition differences and viewer preferences, although these processing operations are frequently combined in

reproduction and preferred reproduction models.

3.15
ICC profile

International Color Consortium’s file format, used to store transforms from one colour encoding to another,
e.g. from device colour coordinates to profile connection space, as part of a colour management system

© IS0 2013 - All rights reserved
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3.16

image state
attribute of a colour image encoding indicating the rendering state of the image data

Note 1 to entry: The primary image states defined in this document are the scene-referred image state, the
original-referred image state and the output-referred image state.

3.17

luminance factor
ratio of the luminance of the surface element in the given direction to that of a perfect reflecting or
transmitting diffuser identically illuminated

[CIE Publi
3.18

tion 17.4:1987, 845-04-69]

medium bjack point
neutral colour with the lowest luminance that can be produced by an imaging medium 'in normal
measured fising the specified measurement geometry

Note 1 to enptry: It is generally desirable to specify a medium black point that has the’same chromaticity as
medium whiite point.

3.19
medium w
neutral col
measured

3.20

hite point
pur with the highest luminance that can be produced by arrimaging medium in normal
1sing the specified measurement geometry

output-referred image state

image stat
an image t
and viewin

Note 1 to ejf
is in an ouf
referred im

Note 2 to en|
single sceng
output view

b associated with image data that represents:the colour space coordinates of the element
hat has undergone colour rendering appropriate for a specified real or virtual output de
g conditions

try: When the phrase “output-referred’is used as a qualifier to an object, it implies that the ol
put-referred image state. For example, output-referred image data are image data in an ou]
hge state.

lise,

the

Lise,

s of
Vice

ject
put-

try: Output referred image data are referred to the specified output device and viewing conditioms. A

can be colour rendered to avariety of output-referred representations depending on the anticip
ing conditions, media limitations, and/or artistic intents.

Note 3to en

ry: Output-referréd,image data can become the starting point for a subsequent reproduction pro

For exampl¢, SRGB output-feferred image data are frequently considered to be the starting point for the co
re-rendering performed by a printer designed to receive SRGB image data.

3.21

tristimulds values
amounts of the‘three reference colour stimuli, in a given trichromatic system, required to match

hted

ess.
lour

the

colour of thestimulas-considered

[CIE Publication 17.4:1987, 845-03-22]

3.22

veiling glare

light, reflected from an imaging medium, that has not been modulated by the means used to produce
the image

Note 1 to entry: Veiling glare lightens and reduces the contrast of the darker parts of an image.

Note 2 to entry: In CIE Publication 122, the veiling glare of a display is referred to as ambient flare.
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3.23

viewing flare

veilingglarethatisobservedinaviewingenvironmentbutnotaccounted forinradiometricmeasurements
made using a prescribed measurement geometry

Note 1 to entry: The viewing flare is expressed as a percentage of the luminance of adapted white.

4 Requirements

4.1 _General

Reference output medium metric RGB (ROMM RGB) is an extended gamut RGB colourqimage encoding
for representing the colourimetry of output-referred image data in an output-referred|imag¢ state on a
refgrence medium. The output-referred image data has the intended colour appearance whenp viewed in
areference viewing environment. The image colourimetry is encoded in terms of/an additive RGB colour
spafe associated with a hypothetical additive colour device having a specified'set'of primariefs, no cross-
tall between the colour channels and a luminance dynamic range defined by an associat¢d medium
blagk point and medium white point.

Three different precision levels are defined, and shall be identifiedas)fROMM8 RGB, ROMM12 RGB and
ROMM16 RGB, for 8-, 12- and 16-bits/channel (24-, 36- and 48-bjts/pixel) representations, rgspectively.

Theg image colourimetry shall be based on flareless (or ifistrument flare corrected) colourimetric
megsurements. All chromaticity and tristimulus values spéecified in this document shall be based on the
CIE|1931 two-degree Standard Observer defined in ISO 11664.

Flareless colourimetric measurements should be eonsidered equivalent to those obtained from real
reflection media measured using the 0/45 geometry specified in ISO 13655 (without polarizing means).
Therefore, colourimetric quantities referred to i’ this part of ISO 22028 should be considered to include
a leyel of flare typical of such measurements.

The colour image encoding defined in this International Standard conforms to the requirements defined
in [$0 22028-1:2004, Clause 5.

4.2 Reference viewing environment

The reference viewing environment shall be such that the adapted white has the chromaticity values of
CIE|llluminant Dsg (xo&-0;345 7, y9 = 0,358 5).

Theabsolute luminance level of the adapted white in the reference viewing environment shall be[160 cd /m?2.

NOTE1 This'absolute luminance level is equivalent to that of a perfect white Lambertian reflectorfilluminated
with 500 Ix asspecified in ISO 3664 for the practical appraisal of prints.

NOTE 24,_%The luminance of the adapting field can be assumed to be 20 % of the luminance of the adgpted white.

TheTeference viewing environment shait be characterized by am average surround. 15 means that
the area immediately surrounding the image border shall be assumed to be a uniform grey having the
chromaticity values of CIE Illuminant Dsg (xo = 0,345 7, yo = 0,358 5) and a luminance factor of 0,2
relative to the adapted white.

The reference viewing environment shall be assumed to have a level of viewing flare thatis 0,75 % of the
adapted white with the chromaticity values of CIE [lluminant Dsq (xo = 0,345 7,9 = 0,358 5).

NOTE 3  If the actual output viewing environment differs significantly from that specified here, appropriate
transformations might be necessary to determine the corresponding colourimetry that would produce the
intended colour appearance in the reference viewing environment. However, for actual viewing environments
similar to the reference viewing environment, it might not be necessary to make such adjustments. The reference
viewing environment was selected to make such adjustments unnecessary for many practical applications.

© IS0 2013 - All rights reserved 5
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4.3 Reference medium

4.3.1 Reference medium white point

ROMM RGB shall be an encoding of the colours of an image on a reference medium having a reference
medium white point with the chromaticity values of CIE [lluminant Dsg (xo = 0,345 7, y9 = 0,358 5) and
a luminance factor of Fy = 0,89 relative to the adapted white. Accordingly, the reference medium white
point tristimulus values are Xy = Fyw Xo = 85,81, Yw = Fw Yo = 89,00 and Zw = Fw Zo = 73,42, where
X0=96,42, Yo = 100,00 and Zp = 82,49 are the tristimulus values of the adapted white.

NOTE 1 heluminancoe factaor of nIQQ rnrvncpnnr]c toavicual r]oncll‘}r of n'n':n 6

NOTE 2  The luminance factor of 0,89 corresponds to a reference medium white point luminance of 142'cd/m?2.

4.3.2 Reference medium black point

The referepnce medium shall have a reference medium black point with the chromatigity values of|CIE
[Mluminant|Dsq (xo = 0,345 7, yg = 0,358 5) and a luminance factor of Fkg = 0,003(091 1 relative to|the
adapted white. Accordingly, the reference medium black point tristimulus valuesare Xx = Fx Xo = 0,298 0,
Yk=FkYo#0,309 1 and Zx = Fx Zp = 0,255 0.

NOTE1  Theluminance factor of 0,003 091 1 corresponds to a visual density 0£2,509 9.

NOTE 2  The luminance factor of 0,003 091 1 corresponds to a reference’ medium black point luminande of
0,495 cd/m#?.

4.3.3 Reference medium primaries

The x-y chijomaticity values for the ROMM RGB primarjes‘shall be as given in Table 1. Rationale forfthe
choice of these primaries is given in Annex A.

The colour|space white point, corresponding to equal amounts of the three RGB primaries, shall have the
x-y chromatticity values of CIE Illuminant Dsg-given as given in Table 1.

'Ilable 1 — CIE chromaticities for reference medium primaries and white point

Referencximedium primaries CIE chromaticities

and white point x y ua v

Red 0,7347 0,265 3 0,623 4 0,506 5
Green 0,159 6 0,840 4 0,050 0 0,592 5
Blue 0,036 6 0,0001 0,050 0 0,000 3
White point 0,345 7 0,358 5 0,209 2 0,488 1

a The u™-v’ chromaticity values for the RGB primaries and colour space white point given in this table can be derived ffom
the x-y chrorhaticity values and are provided for information purposes.

4.3.4 Reference medium rendering intent

ROMM RGB is an encoding of the intended colour appearance of an output-referred image rendered to
the reference output medium dynamic range and viewing environment. Images encoded in ROMM RGB
may contain colours that are outside the colour gamut for an actual output medium. Therefore, in order
to display an image encoded in ROMM RGB on an actual output medium, the colour values need to be
mapped to those that can be produced on that medium. All such mappings should be designed to retain
the encoded colour appearance as closely as possible. If the actual viewing environment is significantly
different from the reference viewing environment, the colour mapping from ROMM RGB to the actual
output medium should include appropriate colour appearance transformations to determine the
corresponding colourimetry that will maintain the colour appearance of the ROMM RGB colour values
in the reference viewing environment.

6 © IS0 2013 - All rights reserved
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Image colourimetry encoded as ROMM RGB shall not contain colours outside the spectrum locus.
Figure 1 shows that the ROMM RGB encoding gamut extends outside the spectral locus between 465 and
485, and between 530 and 570 nm. As both the spectrum locus and the ROMM RGB encoding boundary
are constant in chromaticity, only the chromaticity needs to be considered when determining whether
a particular ROMM RGB triplet is allowed.

0,1 0,2 0,3 0,4 0,5 0,6 0,7 X

Figure 1 — x,y chromaticity plot of the spectrum locus and the ROMM RGB encoding gamut

Consideration should be given to the gamut limitations of real media in the process of performing colour
rendering to produce image colourimetry for encoding as ROMM RGB. For example, if the encoded image
colourimetry contains many colours which are far outside of the colour gamut for most real output
media, the colour mapping from ROMM RGB to an actual output media will be forced to significantly
distort these colours, which can lead to inconsistent results. The perceptual reference medium gamut
specified in ISO 15076-1 provides a reasonable target colour gamut for colour rendering to produce
image colourimetry for encoding as ROMM RGB. Figure 2 provides a view of the ROMM RGB encoding
gamut and the ISO 15076-1 perceptual reference medium gamut.

© IS0 2013 - All rights reserved 7
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Figure 2 -
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(black wireframe) and the ROMM RGB encoding gamut (transparent gray)

In some cases, the colour appearance encoded in ROMM RGB might not be ideally suited for dis
lar real output media in a particular viewing environment. For €xample, the visual appearance
r transparency, brightly illuminated with a dark surroundywill typically be different from that
r reflection print of the same scene viewed using a moderate illumination level. Therefore, in s
, it can be desirable to alter the colour appearance deséription provided by the ROMM RGB enco
to produce the optimal image for the intended outptitmedia and viewing environment.

[M RGB colour image encoding

coding principles
B colour image encoding values-shall be determined from tristimulus values of an im

Inction (see 4.4.4) and a digital encoding for one of three different bit-depths (see 4.4.5).
imulus values shall be those that produce the intended colour appearance when viewe
ce viewing environment.

Images intended-te”be viewed in other viewing environments, or on a medium different from
edium, can be-encoded in ROMM RGB by first determining the corresponding tristimulus values
d to produce-the intended colour appearance on the reference medium when viewed in the refer
ironment. The corresponding tristimulus values can be determined by using an appropriate co|

y toaaccount for differences in the media characteristics.

— Media-relative CIELAB plot of the ISO 15076-1 perceptual reference medium gamut

play
of a
of a
bme
ling

age

rence medium using a matrix transformation (see 4.4.3) followed by a colour compoinent

The
1 in

the
that
bnce
lour

transformation to account for the differences between the viewing conditions. Additionally, it might
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4.4.2 Tristimulus value normalization

The image tristimulus values shall be normalized such that the normalized Y tristimulus value of the
reference medium white point is 1,0 and the normalized Y tristimulus value of the reference medium
black point is 0,0.

_ X=Xy Xw
N (X - Xg) Yy
_ (r=Yg)
N (-
- (Z-2x) Zw
(Zw—Zg) Yw (1)

where X, Y and Z are the image tristimulus values; Xy, YN and Zy are the normalized image fristimulus
values; Xw, Yw and Zy are the tristimulus value of the reference medium white point given in 4.3.1; and
Xk, 'k and Zk are the tristimulus value of the reference medium black point given in 4.3.2.

NOTE This normalization implies that the colour space white point Juminance will be 142 cd/m?2, which is
equgl to the luminance level of the adapted white in the reference viewingenvironment (160 cd/m2) gcaled by the
refejence medium white point luminance factor (Fy, = 0,89).

4.4/3 ROMM RGB conversion matrix

The following matrix shall be used to compute linear ROMM RGB continuous colour space values
(RrRpMM, GrRoMmM and Bromm) from the normalized image tristimulus values (Xy, YN and ZN):

Rromm 1,3460 -0,2556 -0,051 L{{Xy
GROMM = —0,5446 1,5082 0,0205 YN

Browm | | 0,0000 0,0000 1,2123]| Zy @)

Thif matrix can be derived from.the chromaticities given in Table 1, which should be considlered to be
the [normative defining quantities.

NOTE This matrix will-map normalized image tristimulus values with the chromaticity of Dsg to|equal linear
ROMM RGB continuous colotir'space values. A neutral with a Yy value of 1,0 will map to linear ROMM RGB folour space
valdes of 1,0. A neutralwith a Yy value of 0,0 will map to linear ROMM RGB continuous colour space valugs of 0,0.

4.4/4 ROMM-RGB colour component transfer function
The functienal form of the ROMM RGB colour component transfer function shall be:

0,0 if Cromm <0,0
1UCROMM HG’G_CROMM &Et
C V84 p <c <1,0

ROMM) by =CLpomMm =4

1,0 if Cromm >1,0

Cromm = (
(3)
where C is either R, G, or B; CRomm and C’rommM are the radiometrically linear and nonlinear ROMM RGB

continuous colour space values, respectively; and

E,=16"%/(1718) _0 001 953

(4)

© IS0 2013 - All rights reserved 9
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NOTE The linear segment of the nonlinearity is used to impose a slope limit so as to minimize reversibility
problems because of the infinite slope of the gamma function at the zero point.

4.4.5 ROMM RGB digital encoding function

The digital encoding function for the ROMM RGB colour space encoding is given by:

Cromm = Round(CROMM X max )

(5)

where C is[eTther R, G, or B; C'RoMM 1S the nonlinear ROMM RGB continuous colour space value; C_RpMM
is the digital ROMM RGB colour space encoding; Iimax is the maximum integer value used for the.digital
encoding; and the Round( ) function returns the nearest integer value.

For ROMMSB RGB, Ihax shall be 255.
For ROMM|L2 RGB, Iimax shall be 4095.
For ROMM|16 RGB, Ihax shall be 65535.

NOTE1 The digital encoding function maps a nonlinear colour space value range*of 0,0 to 1,0 (correspongling
to a linear cplour space value range of 0,0 to 1,0) onto a digital code value range 6£0 to Ipax-

NOTE 2  Table 2 shows sample neutral patch encodings for ROMM8 RGB;ROMM12 RGB and ROMM16 RGB.

Table 2 — Neutral patch encodings for ROMM8 RGB, ROMM12 RGB and ROMM16 RGB

)i YN ROMMS8 RGB ROMM12 RGB ROMM16 RGH
0,30p 11 0,000 00 0 0 0

0,40 0,001 02 4 67 1075

1,040 0,007 79 17 276 4417

10{0 0,109 27 75 1197 19156
20{0 0,222 02 111 1775 28402
35,0 0,391 14 151 2431 38904
50,0 0,560-27 185 2968 47500
75,0 0,842 15 232 3722 59569
890 15000 00 255 4095 65535

NOTE3 In some cases, it can be desirable to convert ROMM RGB images to a video RGB representatior for
purposes of image.préview on a video display. A simple reference transformation between ROMM RGB and the
sRGB colouf encoding is given for information in Annex B. However, it can be preferable in some situatior]s to
utilize mordq sephisticated viewing environment and/or gamut-mapping transformations.

4.5 Inverse ROMM RGB transformation

4.5.1 General

The conversion of ROMM RGB colour space encoding values back to image tristimulus values is
accomplished by inverting the digital encoding function given in Formula (5) and the colour component
function given in Formula (3), and then applying the inverse of the matrix given in Formula (2), and the
inverse of the normalization function given in Formula (1).

10 © IS0 2013 - All rights reserved
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4.5.2 Inverse ROMM RGB digital encoding function

The inverse digital encoding function for the ROMM RGB colour space encoding is given by:

c. _ Cromm
ROMM =~

max

(6)

where Cis either R, G, or B; C’'romM is the nonlinear ROMM RGB continuous colour space value; C"romM is
the digital ROMM RGB colour space encoding; and I;yax is the maximum integer value used for the digital

enc
enc

4.5

Lin

whg
spa

paing—The mversedigitatencoding giverr im Formuta t6) tam bedetermined by mvertin
bding function specified in 4.4.5, which shall be considered to be the normative definitio

3 Inverse ROMM RGB colour component transfer function

bar ROMM RGB continuous colour space values shall be calculated using Formula (7):

C; ,
—“ROMM. £ 0,0 < Chomm < 16E

Ce values, respectively; and the definition of Et is givenin Formula (4). The inverse colour

trampsfer function given in Formula (7) can be determined by inverting the colour compone

fun

4.5

Thd
the

Thi
nor

NOT

Ction specified in 4.4.4, which shall be consideredto’be the normative definition.

4 Inverse ROMM RGB conversion matrix

conversion from linear ROMM RGB continuous colour space values (RrRomM, GrRomm and
corresponding normalized image tristimulus values (X, YN and Zn) shall be given by:

Xn] [0,7977 0,1352 0,03137[ Rromm
Yy |=]0,2880 0,7119 <0,0001 || Gromm
Zy | [0,0000 0,0000'0,8249 || Brouu

5 matrix can be derived from the chromaticities given in Table 1, which shall be considere
mative definig quantities.

normalized.imidge tristimulus values with the chromaticity of Dsg are obtained.

the digital
.

Cromm = 16 »
(Cromm )~ if16E <Cromm <1,0 -
re Cis either R, G or B; Cromm and C’rRomm are the linear, a1d nonlinear ROMM RGB contingious colour

component
nt transfer

Bromm) to

(8)

d to be the

E When this matrix is applied to linear ROMM RGB continuous colour space values thalt are equal,
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4.5.5 Inverse tristimulus value normalization

The conversion from normalized image tristimulus values to the corresponding image tristimulus
values shall be given by:

1%
X=Xn(Xw-Xg) -2+ Xy
Xw
Y=Yn(Yw —Yx)+¥k
Y,
Z:ZN(ZW—ZK)7—W+ZK
oW 9

where X, Yland Z are the image tristimulus values; Xy, YN and Zy are the normalized image tristimfyilus
values; Xw{ Yw and Zy are the tristimulus value of the reference medium white point given i 4.3.1; and
Xk, Yk and Fk are the tristimulus value of the reference medium black point given in 4.812:

12 © IS0 2013 - All rights reserved
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Annex A
(informative)

Selection of ROMM RGB colour encoding

The criteria that were used to select this colour encoding include the following:

direct relationship to the colour appearance of the image;

colour gamut large enough to encompass most real world surface colours;
efficient encoding of the colour information to minimize quantization artefacts;
simple transformation to/from ICC profile connection space;

simple transformation to/from video RGB (e.g. SRGB);

well-suited for application of common image manipulations suclxas tone scale modificatigns, colour-
balance adjustments, sharpening, etc.;

compatible with established imaging workflows.

An is ideal for
sati
and
CIE
trajsformation can be used to convert to/frontadditive colour spaces such as PCS XYZ, vidd

sR(@B) and digital camera RGB.

hdditive RGB colour space with an appropriately selected set of “wide RGB” primaries
sfying all of these criteria. When images are encoded using any such set of primaries, therg is a direct
simple relationship to image colourimetery because the primaries are linear transformations of the
XYZ primaries. Wide RGB colour spaces have-the additional advantage that simple LUT-natrix-LUT
o RGB (e.g.

Twi
chr
rea

quantization errors. Increasing:thie gamut can only be achieved by trading off against corre

larg

ganut (i.e. the entire area within the spectrum locus), a significant fraction of the colour sj

cor
cold
lead
diffi

ofthe criteria that affect the selectionof specific RGB primaries are somewhat conflicting
bmaticities should define a colouf gamut sufficiently large to encompass colours likely to
scenes/images. At the same time, their use should result in efficient digital encodings tha

er quantization errors.Af\the primaries are chosen to include the maximum possible ch

‘espond to imaginary-colours located outside that region. Therefore, in any encoding u
ur space, there wotld be “wasted” code values that would never be used in practice.
to larger quantization errors in the usable part of the colour space than would be obf]

brent primari€s defining a smaller chromaticity gamut. It is therefore desirable to choose

First, their
be found in
t minimize
kpondingly
romaticity
bace would
bing such a

This would

hined with
primaries

with a gamutthat is “big enough” but not “too big.”

Figlire Af»shows the primaries selected for ROMM RGB. These primaries encompass the gamut of real
worfld surface colours w1th0ut devotlng a lot of space to non- -realizable colours out51de th¢ spectrum

1nadequate to cover 51gn1f1cant portlons of the real world surface colour gamut In particular, it misses
many important saturated colours near the yellow-to-red boundary of the spectrum locus.

One of the important requirements for ROMM RGB encoding is that it be well suited for the application of
common image manipulations. Many types of common image manipulations include the step of applying
nonlinear transformations to each of the channels of an RGB image (e.g. tone scale modifications,
colour balance adjustments, etc.). The process of applying such nonlinear transformations will, in
general, modify the relative ratios of the red, green and blue channel data. This can lead to hue shifts,
particularly for highly saturated colours. Hue shifts are particularly problematic when they occur in a
natural saturation gradient within an image. Such gradients tend to occur when rounded surfaces are
illuminated by a moderately directional light source. In such situations, chroma increases with distance
from the specular highlight and then decreases again as the shadows deepen.
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Fighire A.1 — Hue-shifts for the ROMM RGB primaries resulting from a typical nonlinear|tone scale

There is a trade-off between the colour gamut of the primaries, quantization artefacts, and
of the huesshifts that occur during rendering. If the primaries are moved out so as to increasg
ganmutquantization artefacts will increase and the hue shifts introduced during the application of a
nonflinear transformation will decrease. This results from the fact that the RGB colour sgace values
will be clustered over a smaller range, thereby reducing the impact of nonlinear transtormations. If the

colour gamut is decreased by moving the primaries closer together, quantization artefacts diminish but
hue shifts are generally larger and colour gamut is sacrificed.

the extent
the colour

Such hue shifts can never be completely eliminated, so the objective when optimizing the location of the
primaries was to eliminate or minimize objectionable hue shifts at the expense of less noticeable or less
likely hue shifts. Hue shifts for a particular colour can be eliminated when the colour lies on one of the
straight lines passing through the primaries and the white point on a chromaticity diagram. During the

selection of the ROMM RGB primaries, an optimization process was used to determine a set of primaries
having acceptable hue shift characteristics.

Hue shifts introduced by the application of nonlinear transformations were examined during the process
of selecting the ROMM RGB primaries by studying a chroma series for eight colour patches from the
Macbeth Colour Checker™. These patches included red, yellow, green, cyan, blue, magenta, light flesh and
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dark flesh. Hue shifts in flesh tones and yellows, particularly in the direction of green, were considered
to be the most objectionable. Examples of hue shifts associated with the selected ROMM RGB primaries
are shown in Figure A.2. This plot shows a series of line segments connecting the a*, b* values before and
after a typical nonlinear tone scale was applied to a chroma series in each of the eight colour directions.
It can be seen that small hue shifts are introduced for the most saturated colours in the blue and cyan
directions, but that the hue shifts elsewhere are quite small. An analogous set of hue shifts associated
with a different set of extended gamut RGB primaries are shown in Figure A.3. It can be seen that the
hue shifts for these primaries are significantly larger than those of the ROMM RGB primaries in almost
every colour region. It should be noted that the exact hue shifts that are obtained for a particular set of
colour prlmarles w111 be a function of the mput colours and the nonhnearlty, as Well as the colour space
where the f

particular nge
of values.|

NOTE A number of criteria for characterizing and comparing extended-gamut colour image encodjngs
have been developed by CIE TC8-05. These criteria have been documented in a report entitled{Criteria fo the

Evaluation pf Extended-Gamut Color Encodings”. Included in this report are example calculations applying the
various metrics to ROMM RGB, as well as a number of other extended-gamut colour image-eneodings.
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Figure A.24 — Hue shifts for the ROMM RGB primaries resulting from a typical nonlinear tone s¢ale
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Figure A.3 — Hue shifts for an alternate set of extended gamut RGB primaries resulting from
a typical nonlinear tone scale
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