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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 forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document has been developed in order to meet the industry need for a complete, fully-documented,
publicly-available definition of a wide-primary scene-referred extended colour gamut red-green-blue
(RGB) colour image encoding. This encoding provides a way to represent scene-referred images that
does not limit the colour gamut to those colours capable of being displayed on a CRT monitor or require
the use of negative RGB colourimetry coordinates.

A scene-referred extended colour gamut colour encoding is particularly desirable for professional
photography and cultural heritage applications. For example, colours captured by digital cameras,
as well as conventional capture devices such as photographic film, can be outside those fhat can be
represented within the colour gamut of a typical monitor or other types of output deviceqy. Similarly,
scene-referred images can have a larger luminance dynamic range than output-referred injages since
they have not been modified by a colour rendering process to fit the images to a specific outpgut medium
applying appropriate tone and colour reproduction aims. Retaining the unrefidered scepe-referred
image data has the advantage that it preserves the option to make decisions\about how g particular
imajge is to be rendered. For example, a scene-referred image of a backlit sceie can retain ipformation
about both the dark foreground region and the bright background regiomof the scene. This ipformation
can|be used to make a properly exposed print of either the foreground®egion or the backgrofind region,
or dlternatively can be used to create an improved image by rendering the two regions diffefently.

By using a standard scene-referred extended colour gamut-célour image encoding, images can be
stored, interchanged and manipulated without restricting£he‘image to a particular rendgring intent
or qutput device. The reference input medium metric RGB, (RIMM RGB) colour encoding dpecified in
thid document meets the needs of these types of applieations, as described in Referencg¢s [14] and
[15]. An extended dynamic range version of this cololir image encoding known as extendedl reference
inpyit medium metric RGB (ERIMM RGB), and a floating point version known as FP-RIMM R(B are also
sperified for use with high-dynamic range input:sources. The scene-referred RIMM RGB cdlour image
encpding is intended to be complementary to\the output-referred ROMM RGB colour image encoding
spefified in ISO 22028-2[191. Both colour ericodings are based on the same “wide RGB” additive colour
spafe to facilitate the development oflimage processing algorithms and simple colour| rendering
trapsformations to convert scene-refexred RIMM RGB images to rendered output-referred ROMM RGB
images.
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Scope

5 document specifies a family of scene-referred extended colour gamut RGB colour imagg
gnated as reference input medium metric RGB (RIMM RGB). Digitalimages encoded using
be manipulated, stored, transmitted, displayed or printed by digital still picture imagir
ee precision levels are defined using 8-, 12- and 16-bits/channetl:

extended luminance dynamic range version of RIMM RGB.is also defined, designated a
rence input medium metric RGB (ERIMM RGB). Two precision levels of ERIMM RGB 4

g 12- and 16-bits/channel.

RIMM RGB, a floating point version of RIMM RGB;defines the expression method of RI

hnel.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this,.document. For dated references, only the edition cited 3
ated references, the latestedition of the referenced document (including any amendmen

CIE 11664-1, Colorimetry — Part 1: CIE standard colorimetric observers)
Publication 15, Gelorimetry

F: 754, IEEE Standard for Floating-Point Arithmetic

Terms and definitions

th®purposes of this document, the following terms and definitions apply.

encodings
RIMM RGB
g systems.

5 extended
re defined

MM RGB in

bating point figure. Three precision levels of EP-RIMM RGB are defined using 16-, 32- and 64-bits/

Pir content
pplies. For
[s) applies.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

1)
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3.1

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 colourimetric coordinates that an
observer would consider to be a perfect white diffuser

Note 1 to en

3.2
additive R

try: The adapted white can vary within a scene.

GB colour space

colourimetric colour space having three colour primaries (generally red, green and blue) such that

CIE XYZ tr
combinatiq
proportion

Note 1 to o
tristimulus

Note 2 to entry: Additive RGB colour spaces are defined by specifying the CIE chromaticjty values for a s

additive RG

3.3
adopted w
spectral r3
to colour §
luminance
diffuser

Note 1 to entry: The adopted white can vary within a scene, if such variation is supported by the imaging sys

Note 2 to e
For exampl
(daylight), t
ISO 7589 St

Note 3 to e
than the ad

3.4

colourimetric colour space

colour spa

Note 1 to enftry: Colourimefri¢ colour spaces include those defined by CIE (e.g. CIE XYZ, CIELAB, CIELUV), as

as colour sp

3.5
colour corn

stimulus values can be determined from the RGB colour space values by forming a weigh
n of the CIE XYZ tristimulus values for the individual colour primaries, where the weight§
al to the radiometrically linear colour space values for the corresponding colour pyimari

ntry: A simple linear 3 x 3 matrix transformation can be used to transform between CIE
values and the radiometrically linear colour space values for an additive RGB colour space.

B primaries and a colour space white point, together with a colour component transfer function.

hite
diance distribution as seen by an image capture or measurement device and convel
ignals that are considered to be perfectly achromatictand to have an observer adap
factor of unity; i.e. colour signals that are considered to correspond to a perfect w|

htry: The adopted white is not required to be‘an estimate or approximation of the adapted w
p, if a scene lit by tungsten illumination is eaptured using a DSC with the white balance set to
he adopted white will be D55 but the_adapted white will be closer to a tungsten illuminant
1dio Tungsten[l or CIE Illuminant A).

try: The adopted white can be equal to the adapted white in certain situations and can be diffe]
ipted white in other situations. See 3.1.

e having an exact.and simple relationship to CIE colourimetric values

aces that are simple transformations of those colour spaces (e.g. additive RGB colour spaces (3.2))

hponent transfer function
hble,"monotonic mathematical function applied individually to one or more colour chan
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Note 1 to entry: Colour component transfer functions are frequently used to account for the nonlinear response
of a reference device and/or to improve the visual uniformity of a colour space.

Note 2 to entry: Generally, colour component transfer functions will be nonlinear functions such as a power-law
(i.e. “gamma”) function or a logarithmic function. However, in some cases a linear colour component transfer
function can be used.

3.6

colour encoding
generic term for a quantized digital encoding of a colour space (3.10), encompassing both colour space
encodings (3.11) and colour image encodings (3.8)
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3.7

colour gamut

solid in a colour space (3.10), consisting of all those colours that are either present in a specific scene,
artwork, photograph, photomechanical, or other reproduction, or capable of being created using a
particular output device and/or medium

3.8

colour image encoding
digital encoding of the colour values for a digital image, including the specification of a colour space
encoding (3.11), together with any information necessary to properly interpret the colour values such
as the image state, the intended image viewing environment and the reference medium

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

Notg 2 to entry: Some colour image encodings will indicate particular reference medidm characterisfics, such as
areflection print with a specified density range. In other cases, the reference mediumwill not be 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 ithages that originate fronp an original
sceije, but are also applicable to digital images with content such as text, line art, vector graphics and|other forms
of ofiginal artwork.

3.9
colpur rendering
maIping of image data representing the colour-space céordinates of the elements of a sceng to output-
refgrred image data representing the colour space (3.1@) coordinates of the elements of a regroduction

Note 1 to entry: Colour rendering generally consists efione or more of the following:
— |compensating for differences in the input and-eutput viewing conditions;

— |tone scale and gamut mapping to map the.scene colours onto the dynamic range and colour gamuf (3.7) of the
reproduction;

— |applying preference adjustments.

3.1
colgur space
geometric representation.of colours in space, usually of three dimensions

[SOURCE: CIE Publication 17.4:1987, 845-03-25]

3.1

colgur space encoding
digital enceding of a colour space (3.10), including the specification of a digital encoding method, and a
coldur$pace (3.10) value range

Note Tto entry: Multiple colour space encodings can be defined based on a single colour space where the different
colour space encodings have different digital encoding methods and/or colour space value ranges. (For example,
8-bit sSRGB and 10-bit e-sRGB are different colour space encodings based on a particular RGB colour space.)

3.12
colour space white point
colour stimulus to which colour space (3.10) values are normalized

Note 1 to entry: It is not necessary that the colour space white point correspond to the assumed adapted white
point and/or the reference medium white point for a colour image encoding (3.8).

©1S0 2023 - All rights reserved 3
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3.13
image state
attribute of a colour image encoding (3.8) 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.

3.14

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

[SOURCE: CIE Publication 17.4:1987, 845-04-69]

3.15
observer adaptive luminance factor
ratio of the¢ luminance of a stimulus to the luminance of a stimulus that an observer adapted to|the
viewing enjvironment would interpret to be a perfect white diffuser

3.16
output-referred image state
image state (3.13) associated with image data that represents the colourispace (3.10) coordinates of
the elemer]ts of an image that has undergone colour rendering (3.9) appropriate for a specified redl or
virtual outjput device and viewing conditions

Note 1 to erftry: When the phrase “output-referred” is used as a qualifierto an object, it implies that the objelct is
in an output-referred image state. For example, output-referred image'data are image data in an output-refefred
image state

Note 2 to entry: Output referred image data are referred to th&specified output device and viewing conditions. A
single scend can be colour rendered to a variety of output-reférred representations depending on the anticippted
output viewling conditions, media limitations and/or artistic intents.

Note 3 to enfry: Output-referred image data can become the starting point for a subsequent reproduction progess.
For exampl¢, SRGB output-referred image data-are frequently considered to be the starting point for the colour
re-rendering performed by a printer designed te-receive SRGB image data.

3.17

scene
spectral radiances of a view of the-natural world as measured from a specified vantage point in space
and at a spgcified time

Note 1 to enftry: A scene carf.correspond to an actual view of the natural world or to a computer-generated virftual
scene simulpting such a viéw.

3.18
scene-refdrred\image state
image statp (3.13) associated with image data that represents estimates of the colour space (3}10)
coordinates-efthe-elements-ofasecene

Note 1 to entry: When the phrase “scene-referred” is used as a qualifier to an object, it implies that the object is
in a scene-referred image state. For example, scene-referred image data are image data in a scene-referred image
state.

Note 2 to entry: Scene-referred image data can be determined from raw DSC image data before colour rendering
(3.9) is performed. Generally, DSCs do not write scene-referred image data in image files, but some do so in a
special mode intended for this purpose. Typically, DSCs write standard output-referred image data where colour
rendering has already been performed.

Note 3 to entry: Scene-referred image data typically represents relative scene colourimetry estimates.
Absolute scene colourimetry estimates can be calculated using a scaling factor. The scaling factor can be
derived from additional information such as the image OECF, FNumber or ApertureValue, and ExposureTime or
ShutterSpeedValue tags.

4 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=37ee7e41dead64c972b0316252e9190b

IS0 22028-3:2023(E)

Note 4 to entry: Scene-referred image data can contain inaccuracies due to the dynamic range limitations of the
capture device, noise from various sources, quantization, optical blurring and flare that are not corrected for,
and colour analysis errors due to capture device metamerism. In some cases, these sources of inaccuracy can be
significant.

Note 5 to entry: The transformation from raw DSC image data to scene-referred image data depends on the
relative adopted whites (3.3) selected for the scene and the colour space used to encode the image data. If the
chosen scene adopted white is inappropriate, additional errors will be introduced into the scene-referred image
data. These errors can be correctable if the transformation used to produce the scene-referred image data are
known, and the colour encoding (3.6) used for the incorrect scene-referred image data has adequate precision
and dynamic range.

Notg¢ 6 to entry: The scene can correspond to an actual view of the natural world, or be a computgr-generated
virtpal scene simulating such a view. It can also correspond to a modified scene determined py applying
modifications to an original scene to produce some different desired scene. Any such scene modificatjons need to
leavie the image in a scene-referred image state and need to be done in the context of an exp@eted coloyr rendering
(3.9) transform.

3.1

trigtimulus value
amg@unts of the three reference colour stimuli, in a given trichromatie'system, required tol match the
colqur of the stimulus considered

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

3.2
veiling glare
light, reflected from an imaging medium, that has not,been modulated by the means used [to produce
theimage

Note 1 to entry: Veiling glare lightens and reduces the contrast of the darker parts of an image.
Notg 2 to entry: In CIE Publication 122[12], the veiling glare of a CRT display is referred to as ambientfflare.

3.21
viewing flare
veiling glare that is observed, in. a viewing environment but not accounted for in radiometric
megdsurements made using a pfescribed measurement geometry

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

3.2p
working colour space
colqur space encoding (3.11) in which operations such as image edits, enhancements, or colouf rendering
(3.9) are performed

Note 1 to entry: The image state in a working colour space can change as operations are performed.

Note¢ 2tp entry: If operations performed in a working colour space are guided by viewing the image oh a medium,
thatTmediumnamnd the assoctated VIEWITIZ COTQITIONS DECOINE tIE TEIeTelCe (0T tIE TESUIting Tage.

4 Requirements

4.1 General

Reference input medium metric RGB (RIMM RGB) and the ERIMM and FP-RIMM associated versions
of RIMM RGB are extended colour gamut RGB colour image encodings of the colourimetry of a scene-
referred image, white balanced to be relative to a specified adopted white. The image colourimetry is
encoded in terms of an additive RGB colour space (i.e. a colourimetric colour space) associated with a
hypothetical additive colour device having a specified set of primaries and no cross-talk between the
colour channels. The RIMM RGB colour image encoding has a maximum luminance value corresponding

© IS0 2023 - All rights reserved 5
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to 200 % of a perfect diffuse reflector (i.e. an observer adaptive luminance factor of 2,0). Extended
reference input medium metric RGB (ERIMM RGB) is an extended luminance dynamic range version
of RIMM RGB having a maximum observer adaptive luminance factor of about 316. The maximum
luminance value of FP-RIMM RGB colour image encoding is limited only by the floating point encoding
range. In RIMM RGB, ERIMM RGB and FP-RIMM RGB, the image colourimetry shall be based on flareless
(or flare corrected) colourimetric measurements as described in CIE Publication 15 using the CIE 1931
standard colourimetric observer defined in ISO/CIE 11664-1.

Scene-referred image data may correspond to an actual view of the natural world, or a simulation of
such a view. It may also correspond to a modified scene determined by applying modifications to an
original scene. In order to be appropriate for encoding as RIMM RGB, ERIMM RGB or FP-RIMM RGRB, any
scene mod|fications shall leave the image in a scene-referred image state.

hen
ata,
sed

Scene-refe
an associa
such an int
to provide

'red image data may have an associated pre-determined colour rendering transform. W|
ed pre-determined colour rendering transform is present with scene-referred’image d
ended colour rendering transform should be included in any image preview pdth that is y
subjective feedback to a user, unless

br has selected direct viewing of the scene-referred image and intends.thdt modifications
reviewed in the scene-referred state, and

the usg are

tobep

ne-referred image data has been converted to an appropriate working colour space for manual
F and colour rendering. In this case the user may exercise the/option to apply or not apply an
hted pre-determined colour rendering transform, if present; when the scene-referred injage
re converted to the working colour space.

the sce
editing
associ
data aJ

lser

EXAMPLES
to manually
“dodge-and
analogous 4
scene such 4
to make it 1
and chromg
needs to be

NOTE1 1
range limitg
are not corr
of inaccurag

Three diffi
RIMM12 |

representations, respectively.

For extend
defined an
and 48-bit

Scene modifications could include removing haze from the captured image or allowing a
adjust the exposure/white balance. It could also in¢lude more complex operations such as usi
burn” algorithm to correct over-exposed regions\of“a backlit scene. (This can be viewed as b
o “re-lighting” the scene.) Scene modificationscepuld also include applying desired changes to
s simulating a “night” scene, making grass greener to make it look healthier, or making the sky b
ok clearer. However, typical colour rendering transforms will include a boost in the midtone cont
of the image. Consequently, any boostin_colourfulness of the scene (e.g. making the grass gree
done with the knowledge that there may be an additional chroma boost during colour rendering,

'he image colourimetry of the scene-referred image can contain inaccuracies due to the dyns
tions of the capture device, neise from various sources, quantization, optical blurring and flare
ected for, and colour analysis eérrors due to capture device metamerism. In some cases, these sou
y can be significant.

erent precision levels are defined for RIMM RGB, and shall be identified as RIMM8 K
GB and RIMM16 RGB, for 8-, 12- and 16-bits/channel (24-, 36- and 48-bits/pi

ed reference input medium metric RGB (ERIMM RGB), two different precision levels
d shall*be identified as ERIMM12 RGB and ERIMM16 RGB, for 12- and 16-bits/channel
/pixel) representations, respectively.

hg a
bing
the
luer
rast
ner)

mic
that
rces

GB,
ixel)

are
36-

Floating p

Intrererence iput medium metric RuUb (FP-RIMM RGB]J 1s a T1oating point encoded Version

of RIMM RGB with a linear colour component transfer function. Half-, single- or double-precision
floating point numbers, which shall be as defined in IEEE 754 (requiring 48-, 96- and 192-bits/pixel,
respectively), may be used in TIFF/EP files as defined in 1SO 12234-2(31,

NOTE 2

RIMM RGB, ERIMM RGB or FP-RIMM RGB images are intended for use in system environments that

support scene-referred images. However, they can be interchanged in environments that do not support scene-
referred images if a default colour rendering transform or a full resolution standard output-referred image that
is supported in the environment is associated with the scene-referred image. The TIFF/EP and JPEG 2000 file
formats can use ICC profiles (See Reference [6]) to support RIMM RGB, ERIMM RGB or FP-RIMM RGB images in
system environments designed to support output-referred images.

NOTE3 The colour image encoding defined in this document conforms to the requirements defined in
1SO 22028-1:2016[2], Clause 5.
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4.2 Adopted white

The adopted white shall have the chromaticity values of CIE Standard Illuminant Dz, (x, = 0,345 7,
Yo =0,3585).

In the absence of image file metadata that provides image-specific values, the absolute luminance level
of the adopted white should be assumed to be 15 000 cd/m?, the surround should be assumed to be
average, and the luminance of the adapting field should be assumed to be 20 % of the luminance of the
adopted white. There is no viewing flare assumed for the scene other than that already included in the
scene colourimetric values.

NOTE1 These default values are intended to be typical of bright outdoor viewing environments,

NOTE 2 The adopted white can be equal to the adapted white in certain situations and can.be’different than
the pdapted white in other situations. See 3.1 and 3.3.

4.3| Reference medium primaries and white point

The x-y chromaticity values for the RIMM RGB, ERIMM RGB, and FP-RIMM/RGB primaries [shall be as
given in Table 1. All chromaticity values specified in this document shallbe based on the CIH 1931 two-
degfree standard observer defined in ISO/CIE 11664-1. Rationale forthe choice of these pfimaries is
given in Annex A.

The colour space white point, corresponding to equal amounts/of the three RGB primaries) shall have
the [x-y chromaticity values of CIE Standard Illuminant D;,given as given in Table 1.

Table 1 — CIE chromaticities for reference/medium primaries and white point

Refereg;zt;lvi?::;logzitmaries CIE chromaticities

X y u'?d y'a
Red 0,734.7 0,265 3 0,623 4 04506 5
Green 0159 6 0,840 4 0,0500 0J592 5
Blue 0,036 6 0,000 1 0,0500 04000 3
White point 0,3457 0,358 5 0,209 2 04881

a | The u'-v' chromaticity values for the RGB primaries and colour space white point given in this table can be dlerived from
the x-y chromaticity values andyare provided for information purposes.

NOTE The decimal-sign is a comma in ISO documents.
4.4 RIMM RGB, ERIMM RGB, FP-RIMM RGB colour image encoding

4.4]1 _Encoding principles

RIMM-RGRB colour image encoding values shall be determined from the tristimulus valueslof a scene-
referred image using a matrix transformation (see 4.4.3) followed by a colour component transfer
function (see 4.4.4) and a digital encoding function for one of three different bit-depths (see 4.4.5).

ERIMM RGB colour image encoding values shall be determined in an identical manner to those for
RIMM RGB, except that a different colour component transfer function (see 4.4.6) and a different digital
encoding function (see 4.4.7) shall be used instead of those given in 4.4.4 and 4.4.5.

FP-RIMM RGB colour image encoding values shall be determined in an identical manner to those for
RIMM RGB, except the results of applying the matrix transformation specified in 4.4.3 shall be encoded
directly as floating point numbers, instead of applying the colour component transfer function and
digital encoding function specified in 4.4.4 and 4.4.5.
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For some applications, it can be desirable to determine original absolute scene colourimetry from
encoded RIMM, ERIMM or FP-RIMM RGB colour image encoding values. In such cases, any information
needed to relate the encoded image colourimetry back to the actual scene colourimetry should
be associated with the image (for example, as metadata tags in the image file). Examples of useful
information would include parameters such as F/#, exposure time, and brightness value for the original
capture, as well as information describing any white balancing and/or scene analysis transformations
that have been applied.

Image colourimetry encoded as RIMM RGB, ERIMM RGB or FP-RIMM RGB should not contain colours
outside the spectrum locus.

ISO 12640521 specifies a set of standard scene-referred colour images, encoded as 16-bit RIMM_RGB
digital datg, that can be used to evaluate transforms from a scene-referred image state to an‘dutput-
referred image state. They can be used for research, testing and assessing colour rendering tfansfoqms,
in systems|such as digital cameras, camera raw processing applications, colour managenment systgms,
colour profiles, and output devices such as displays and printers.

4.4.2 Tristimulus value normalization

The image|tristimulus values shall be normalized such that the normalized % tristimulus value offthe
adopted white is 1,0 as given by Formula (1):

X
Xy=7—
Yepr
Y
Yy =—f— (1)
Yipr
Z
ZN =
Y)DR
where
X, Yand Z are the scene-referred image tristimulus values, after having been white balarjced
to produce tristimulus values relative to the RIMM RGB adopted white;
Xy Yy and Fy are the normalized image tristimulus values;
YppR is the Y tristimulus value of the scene adopted white after white balancing to[the

RIMM RGB adopted white chromaticity.

4.4.3 RIMM RGB conversion matrix

The follow|ng matrix/shall be used to compute linear RIMM RGB colour space values (Rgyym, Grivm Bd
Brimm) from thenormalized image tristimulus values (Xy, Yy and Zy), given by Formula (2):

Rppk 12013460 —0,2556 —0,05117[ X, ]
Grivm |=|-0,5446  1,5082  0,0205|| ¥y 2)
Byum | | 0,0000 0,0000 1,2123]| Zy

This matrix can be derived from the chromaticities given in Table 1, which shall be considered to be the
normative defining quantities.

NOTE This matrix will map normalized image tristimulus values with the chromaticity of D5 to equal linear

RIMM RGB colour space values. A neutral with a Y value of 1,0 will map to linear RIMM RGB colour space values
of 1,0. A neutral with a Yy value of 0,0 will map to linear RIMM RGB colour space values of 0,0.
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4.4.4 RIMM RGB colour component transfer function

The functional form of the RIMM RGB colour component transfer function shall be as given by

Formula (3):

1
, clip
Crimm = (3
(1), 0.45. ) -
Lvl' J\l,UVVLRIMM =0,099]; 0,018=TRimm < Eclip
clip
1,0; Crimm Z Eqlip
wh¢re
C is either R, G, or B;
Criim @nd C'rivm are the radiometrically linear and nonlinear,RIMM RGB colour sppce values,
respectively;
EC]lI = 2,0
and/ Formula (4):
Vaip =1,099E5;,°* ~0,099 = 1,402 4)

NOTE This colour component transfer function is-based on that specified in ITU-R BT.709-3[13],

4.4)5 RIMM RGB digital encoding function

(7}

Theg digital encoding function for the RIMM RGB colour space encoding is given by Formula (|5):
CriMMm =R0“"d(CRIMM leax) (5)

whgre Cis either R, G, or-B; €'\ is the nonlinear RIMM RGB colour space value; C"g vy is|the digital
RIMM RGB colour spageercoding; I, is the maximum integer value used for the digital endoding; and
the|Round( ) functionréturns the nearest integer value.

For[RIMM8 RGB; 17, shall be 255.
For[RIMM12\RGB, I .., shall be 4095.

’ “max

For|RIMM16 RGB, I ... shall be 65535.

’ “max

NOTE The digital encoding function maps a nonlinear colour space vatue range of 0,0 to 1,0 (corresponding
to a linear colour space value range of 0,0 to 2,0) onto a digital code value range of 0 to I,

4.4.6 ERIMM RGB colour component transfer function
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The functional form of the ERIMM RGB colour component transfer function shall be as given by

Formula (6):

0,0789626
E—)CRIMM ; 0,0<Cpivm <E¢
, t
CERIMM = (6)
logio Crimm +3.0), o . _p
g 3 B <CrimM = Edlip
LU, CRIMM -~ Eclip
where
C is either R, G, or B;
CriMM is the linear RIMM RGB colour space value;
C'ERIMM is the nonlinear ERIMM RGB colour space value;
Eqip = 1029 approximately 316,23 is the upper exposure limit;
and Formulla (7):
E.=e/1000=0,002 71828 (7)

is the brepkpoint between the linear and logarithmic segments, e being the base of the natpiral
logarithm.

4.4.7 ERIMM RGB digital encoding function

The digitallencoding function for the ERIMM RGB-colour space encoding is given by Formula (8):

Cerivp| =Round (CI'SRIMM X Inax ) (8)
where
C is either R, G, o1, B;
C’'ERIMM is the noflinear ERIMM RGB colour space value;
C"ERIMM is the digital ERIMM RGB colour space encoding;
L ax is-the maximum integer value used for the digital encoding;
Round() is the function that returns the nearest integer value

For ERIMM12 RGB, I, shall be 4095.

’ “max

For ERIMM16 RGB, I ., shall be 65535.

7 “max

NOTE1 The digital encoding function maps a nonlinear colour space value range of 0,0 to 1,0 (corresponding
to a linear colour space value range of 0,0 to 316,23) onto a digital code value range of O to [ ,,,,..

NOTE2  The following table shows sample neutral patch encodings for RIMM8 RGB, RIMM12 RGB and
ERIMM12 RGB.
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Table 2 — Neutral patch encodings for RIMM8 RGB, RIMM12 RGB and ERIMM12 RGB

Yy logo Yy RIMMS RGB RIMM12 RGB ERIMM12 RGB
0,001 3,00 1 13 119
0,01 -2,00 8 131 745
0,10 -1,00 53 849 1489
0,18 -0,75 74 1194 1679
1,00 0,00 182 2920 2234
2,00 0,30 255 4095 2458
8,00 0,90 N/A N/A 2906
32,00 1,50 N/A N/A 3354
316,23 2,50 N/A N/A 4095

4.4
Thd

whg

bre

CRIMM

CFP

Neg
the

4.5

4.5
Thd

valyes is accomplished by inverting the digital encoding function given in Formula (5) and|

con
in H
RGH
san
cold

RIMM

Cep-riMM = CriMM

8 FP-RIMM RGB colour component transfer function

is the linear RIMM RGB colour space value;

functional form of the FP-RIMM RGB colour component transfer function shall be:

is the FP-RIMM RGB colour space valuedh a floating point format conforming tp IEEE 754.

spectral locus.
Inverse RIMM RGB transformation

1 General

conversion of RIMM RGB' colour encoding values back to scene-referred image

ponent transfer funetion given in Formula (3), and then applying the inverse of the m
ormula (2), and the“inverse of the normalization function given in Formula (1). Simila
colour encoding-values are converted back to scene-referred image tristimulus value
e proceduré€,/except that the inverse of the digital encoding function given in Formula

ur compenent transfer function given in Formula (6) is used in place of the correspon

ative values for Cpp_pyym are allowed as far astheir equivalent chromaticity coordinatesfare within

fristimulus
the colour
Qtrix given
ly, ERIMM
5 using the
[8) and the
ling RIMM

RGR functions. Likewise, FP-RIMM RGB colour encoding values are converted back to scefpe-referred
imajge tristimulus values using the same procedure, except there is no need to invert either|the digital
encpding function or the colour component transfer function.

4.5.2

Inverse RIMM RGB digital encoding function

The inverse digital encoding function for the RIMM RGB colour space encoding is given by Formula (9):

Crimm

Crivm = 9
max
where
Cc is either R, G, or B;
©1S0 2023 - All rights reserved 11


https://standardsiso.com/api/?name=37ee7e41dead64c972b0316252e9190b

IS0 22028-3:2023(E)

C RIMM

c RIMM

I

max

is the digital RIMM RGB colour space encoding;
is the nonlinear RIMM RGB colour space value;

is the maximum integer value used for the digital encoding.

The inverse digital encoding given in Formula (9) can be determined by inverting the digital encoding
function specified in 4.4.5, which shall be considered to be the normative definition.

4.5.3

Inverse RIMM RGB colour component transfer function

The nonliny
values usin]

ear RIMM RGB colour space values shall be converted to linear RIMM RGB colourf sy

g Formula (10):

ace

[10)

[ing

11):

11)

Vi, Cr 1
clip“RIMM ’ OSCfuMM < 0,08
4,5 clip
CriMMm 7
’ 1/0.45
ValipCrimm +0,099 / 0,081 _
1,099 Valip
where
Cc is either R, G or B;
Crivm and L' rimm are the linear and nonlinear RIMM RGB.colour space values, respectively;
Valip is given in Formula (4).
The inversp colour component transfer function givendn Formula (10) can be determined by inver
the colour fomponent transfer function specified in 4:4.4, which shall be considered to be the normative
definition.
4.5.4 Inyerse ERIMM RGB digital encoding function
The inverseg digital encoding function ferithe ERIMM RGB colour space encoding is given by Formula
c _ CrrivMm
ERIMM — I
max
where
C is either R, G, or B;
C’ERiMM i5the digital ERIMM RGB colour space encoding;
C'ErRIMM is-the-nrentinear ERIMMRGB-colour-space-vatte
I is the maximum integer value used for the digital encoding.

max

The inverse digital encoding given in Formula (11) can be determined by inverting the digital encoding
function specified in 4.4.7, which shall be considered to be the normative definition.

12
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4.5.5 Inverse ERIMM RGB colour component transfer function

The nonlinear ERIMM RGB colour space values shall be converted to linear RIMM RGB colour space

values using Formula (12):

C: E
Goragss | O Cinms00785626
Crimm = 07

105 CERMM—30) 0 007 896 26 < gy <1

(12)

where

Cc is either R, G or B;

C'edimm is the nonlinear ERIMM RGB colour space value;

Critim is the linear RIMM RGB colour space value;

E, is given in Formula (7).

The inverse colour component transfer function given in Formula (12):¢ah be determined by inverting
the[colour component transfer function specified in 4.4.6, which shall be considered to be thg normative
definition.

4.5)6 Inverse RIMM RGB conversion matrix

The conversion from linear RIMM RGB colour space”values (Rpyymy Grivm @nd Bgpgum) to the
corfesponding normalized scene-referred image tristitnulus values (Xy, Yy and Zy) shall he given by
Formula (13):

Thi
nor

NO1
tris

4.5

Xy] [0,7977 0,1352 0,0313][ Rpywii
Yy |=|0,2880 0,7119 0,0001 || Grivm

Zy | [0,0000 0,0000 0,8249 By

5 matrix can be derived from the'chromaticities given in Table 1, which shall be considerg
mative defining quantities.

E When this matrix is applied to linear RIMM RGB colour space values that are equal, norms
imulus values with the¢"chromaticity of D, are obtained.

7 Inverse tristimulus value normalization

The conversion~from normalized image tristimulus values to the corresponding image
valyes shallbhe given by Formula (14):
X =X\ Yppr
V=V V
- “"N*FDK
Z=Z\Yppr
where
X, Yand Z are the scene-referred image tristimulus values;
Xy, Yy and Zy are the normalized image tristimulus values;
Yppr is the Y tristimulus value of a perfect diffuse reflector.
© IS0 2023 - All rights reserved
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d to be the

lized image

ristimulus
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4.5.8 Inverse FP-RIMM RGB colour component transfer function

The FP-RIMM RGB colour space values shall be converted to the linear RIMM RGB colour space by:

Crimm = Crp-riMM

where

CRIMM

CFP-RIMM

14

is the linear RIMM RGB colour space value;
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Annex A
(informative)

Example colour rendering transform from RIMM RGB to ROMM
RGB

Thg RIMM RGB colour encoding is intended to be an encoding of the colour of an original scefe-referred
imalge. On the other hand, the ROMM RGB colour encoding is intended to be an encoding of the colour
of alcolour rendered output-referred image. It is well known that the colourimetry ofa'pleading colour-
renflered image generally does not match the colourimetry of the corresponding, scene.|Therefore,
trapsformation from RIMM RGB to ROMM RGB should include a colour rendefiig transfqrm having
appjropriate tone/colour reproduction characteristics.

Ampng other things, the tone/colour reproduction process that renders the colours of a sgene to the
desjred colours of the rendered image should compensate for differences between the|scene and
renflered image viewing conditions. For example, rendered images. generally are viewed at{luminance
levgls much lower than those of typical outdoor scenes. As a con§equence, an increase in [the overall
confrast of the rendered image usually is required in ordert0 compensate for perceivefl losses in
repfoduced luminance and chrominance. Further contrast)increases in the shadow regions of the
imajge also are needed to compensate for viewing flare (é.g. veiling glare that is not accounted for in
radjometric measurements) associated with rendered-image viewing conditions.

In dddition, psychological factors such as colour meniory and colour preference should be ronsidered
in cplour rendering. For example, observers genefally remember colours as being of higher purity than
they really were, and they typically prefer skies’and grass to be more colourful than they yvere in the
original scene. The tone/colour reproductien aims of well-designed imaging systems will account for
such factors.

of g rendered image may be substantially less than that of an original scene, especially sgenes with

prefer lower-contrdst, lower-colourfulness colour rendering aims, while advertising phofographers
may prefer highter-contrast, higher-colourfulness colour rendering aims. Similarly, the colouf rendering
aimjs that arewoptimal for “low-key” scenes may not be optimal for “high-key” scenes.

In geneéral, it may be necessary to use three-dimensional look-up tables (LUTs), or other types|of complex
tramsformations, to implement a detailed set of colour rendering aims. However, the set of wide-RGB
primaries specified for the RIMM RGB and ROMM RGB colour encodings were selected such that colour
rendering aims having generally desirable characteristics can be implemented using simple channel-
independent tone scale transformations. Therefore, a simple colour rendering transformation for
converting a RIMM RGB image to a corresponding ROMM RGB image can be accomplished by applying
a one-dimensional LUT to each channel of the image. An example RIMM RGB-to-ROMM RGB tone scale
LUT that will produce good results for well-exposed, normal dynamic range scenes in many consumer
applications is given in Table A.1 and Figure A.1. However, depending on the application, different tone
scale LUTs, or other more complex colour rendering transformations, may be appropriate to produce
the desired colour rendering aims. An example tone scale LUT that implements similar colour rendering
aims for ERIMM12 RGB images is given in Table A.2 and Figure A.2.

It should be noted that while the storage and/or interchange of images in a RIMM RGB colour encoding
represents a mechanism for the unambiguous specification of the estimated colourimetry of a scene-
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referred image, it does not uniquely specify the colour appearance of a corresponding output-referred
image. This is because a scene-referred image can be colour rendered using a variety of colour rendering
aims as was discussed above. Therefore, when it is desired to provide an output-referred interpretation,
it is necessary for a RIMM RGB image to be associated with a colour rendering transform to provide a
mechanism for specifying a preferred output-referred image. For example, some file formats provide
a means for tagging an image with an ICC profile. Since the reference medium associated with the ICC
perceptual rendering intent is output medium, ICC profiles will necessarily include colour rendering
aims for the image. The user could then apply the provided profile, or alternatively could choose to
specify other colour rendering aims. This approach provides a means for effectively specifying an
output-referred image, while maintaining the additional flexibility associated with a scene-referred
image.
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Table A.1 — Example tone scale LUT for colour rendering scene-referred RIMM8 RGB colour
space encoding values to output-referred ROMM8 RGB colour space encoding values

© 1S0 2023 - All rights reserved

RIMM8 | ROMMS RIMM8 | ROMMS RIMMS8 | ROMMS RIMM8 | ROMMS RIMM8 | ROMMS
RGB RGB RGB RGB RGB RGB RGB RGB RGB RGB
0 0 52 66 104 164 156 231 208 252
1 0 53 68 105 166 157 231 209 252
2 0 54 69 106 168 158 232 210 252
3 1 55 71 107 170 159 233 211 252
4 2 56 73 108 171 160 234 212 252
5 7 57 75 700 173 61 234 213 252
6 5 58 77 110 175 162 235 214 252
7 7 59 78 111 176 163 236 215 253
8 9 60 80 112 178 164 236 216 253
9 10 61 82 113 179 165 237 217 253
10 11 62 84 114 181 166 237 218 253
11 12 63 86 115 183 167 238 219 253
12 13 64 88 116 184 168 239 220 253
13 14 65 90 117 186 169 239 221 253
14 15 66 92 118 187 170 240 222 253
15 16 67 94 119 189 171 240 223 253
16 17 68 9 120 190 172 241 224 253
17 18 69 98 121 192 173 241 225 253
18 19 70 100 122 193 174 242 226 254
19 20 71 102 123 195 175 242 227 254
20 21 72 104 124 196 176 243 228 254
21 22 73 106 125 197 177 243 229 254
22 23 74 108 126 499 178 244 230 254
23 24 75 110 127 200 179 244 231 254
24 25 76 112 128 201 180 244 232 254
25 26 77 114 129 203 181 245 233 254
26 28 78 116 130 204 182 245 234 254
27 29 79 119 131 205 183 245 235 254
28 30 80 121 132 207 184 246 236 254
29 31 81 123 133 208 185 246 237 254
30 33 82 125 134 209 186 247 238 254
31 34 83 127 135 210 187 247 239 254
32 35 84 129 136 211 188 247 240 254
33 37 85 130 137 213 189 247 241 254
34 38 86 132 138 214 190 248 242 254
35 39 87 134 139 215 191 248 243 254
36 41 88 136 140 216 192 248 244 254
37 42 89 138 141 217 193 249 245 254
38 44 90 140 142 218 194 249 246 254
39 45 91 141 143 219 195 249 247 254
40 47 92 143 144 220 196 249 248 255
41 48 93 145 145 221 197 250 249 255
42 50 94 147 146 222 198 250 250 255
43 51 95 149 147 223 199 250 251 255
42 53 96 150 148 224 200 250 252 255
45 A4 97 152 149 225 201 250 283 255
46 56 98 154 150 226 202 251 254 255
47 58 99 156 151 227 203 251 255 255
48 59 100 158 152 227 204 251
49 61 101 159 153 228 205 251
50 63 102 161 154 229 206 251
51 64 103 163 155 230 207 251
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Table A.2 — Example tone scale LUT for colour rendering scene-referred ERIMM12 RGB colour
space encoding values to output-referred ROMMS8 RGB colour space encoding values

ERIMM12 | ROMMS ERIMM12| ROMMS ERIMM12| ROMMS ERIMM12| ROMMS ERIMM12| ROMMS
RGB RGB RGB RGB RGB RGB RGB RGB RGB RGB
0 0 825 11 1650 101 2475 255 3300 255
15 0 840 12 1665 105 2490 255 3315 255
30 0 855 12 1680 109 2505 255 3330 255
45 0 870 13 1695 113 2520 255 3345 255
60 0 885 13 1710 117 2535 255 3360 255
75 0 900 4 1725 122 2550 255 3375 255
90 0 915 14 1740 126 2565 255 3390 255
105 0 930 15 1755 130 2580 255 3405 255
120 0 945 16 1770 134 2595 255 3420 255
135 0 960 16 1785 138 2610 255 3435 255
150 0 975 17 1800 142 2625 255 3450 255
165 0 990 18 1815 146 2640 255 3465 255
180 0 1005 19 1830 150 2655 255 3480 255
195 0 1020 20 1845 155 2670 255 3495 255
210 0 1035 20 1860 159 2685 255 3510 255
225 0 1050 21 1875 163 2700 255 3525 255
240 0 1065 22 1890 168 2715 255 3540 255
255 0 1080 23 1905 172 2730 255 3555 255
270 0 1095 24 1920 176 2745 255 3570 255
285 0 1110 25 1935 181 2760 255 3585 255
300 1 1125 26 1950 185 2775 255 3600 255
315 1 1140 27 1965 189 2790 255 3615 255
330 1 1155 28 1980 194 2805 255 3630 255
345 1 1170 29 1995 198 2820 255 3645 255
360 1 1185 31 2010 202 2835 255 3660 255
375 1 1200 32 2025 208 2850 255 3675 255
390 1 1215 33 2040 210 2865 255 3690 255
405 1 1230 35 2055 214 2880 255 3705 255
420 1 1245 36 2070 217 2895 255 3720 255
435 1 1260 37 2085 221 2910 255 3735 255
450 2 1275 39 2100 224 2925 255 3750 255
465 2 1290 40 2115 227 2940 255 3765 255
480 2 1305 42 2130 230 2955 255 3780 255
495 2 1320 44 2145 233 2970 255 3795 255
510 2 1335 15 2160 235 2985 255 3810 255
525 3 1350 47 2175 238 3000 255 3825 255
540 3 1365 49 2190 240 3015 255 3840 255
555 3 1380 51 2205 242 3030 255 3855 255
570 3 1395 53 2220 244 3045 255 3870 255
585 4 1410 55 2235 245 3060 255 3885 255
600 4 1425 57 2250 247 3075 255 3900 255
615 4 1440 60 2265 248 3090 255 3915 255
630 5 1455 62 2280 249 3105 255 3930 255
645 5 1470 64 2295 250 3120 255 3945 255
660 6 1485 67 2310 251 3135 255 3960 255
675 8 1500 69 23258 252 3150 258 3975 258
690 7 1515 72 2340 252 3165 255 3990 255
705 7 1530 75 2355 253 3180 255 4005 255
720 8 1545 78 2370 253 3195 255 4020 255
735 8 1560 81 2385 254 3210 255 4035 255
750 9 1575 84 2400 254 3225 255 4050 255
765 9 1590 87 2415 254 3240 255 4065 255
780 10 1605 90 2430 254 3255 255 4080 255
795 10 1620 94 2445 255 3270 255 4095 255
810 11 1635 97 2460 255 3285 255
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Figure A.1 — Example tone scale LUT for colour rendering scene-referred RIMM8 RGB colour

Figure A.2 — Example tone scale LUT for colour rendering scene-referred ERIMM12 RGB colour

space encoding values to output-referred ROMM8 RGB colour space encoding value
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