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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.

Internatlonal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Partp.
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h task of technical committees is to prepare International Standards. Draft Internationpl
s adopted by the technical committees are circulated to the member bodies for voting.
on as an International Standard requires approval by at least 75 % of the thember bodig¢s
vote.

Circumstances, particularly when there is an urgent market requirementfor such documents,a
committee may decide to publish other types of document:

50 Publicly Available Specification (ISO/PAS) represents an agreement between technicpl
rts in an ISO working group and is accepted for publication if itissapproved by more than 50 {0
e members of the parent committee casting a vote;

50 Technical Specification (ISO/TS) represents an agreement between the members of|a
hical committee and is accepted for publication if itissapproved by 2/3 of the members of the
mittee casting a vote.

AS or ISO/TS is reviewed after three years in erder to decide whether it will be confirmed for

three years, revised to become an International Standard, or withdrawn. If the ISO/PAS j;r
5 confirmed, it is reviewed again after a further three years, at which time it must either be
med into an International Standard or bewithdrawn.

phts. ISO shall not be held responsible for identifying any or all such patent rights.
2028-3 was prepared by Technical Committee ISO/TC 42, Photography.

bnd edition cancels and-replaces the first edition (ISO/TS 22028-3:2006), which has begn
ly revised.

p2028 consists~ef the following parts, under the general title Photography and graphic
iy — Extendéd-colour encodings for digital image storage, manipulation and interchange:

1: Architecture and requirements

2: Reference output medium metric RGB colour image encoding (ROMM RGB)

The following parts are under preparation:

— Part

iv

4: European Colour Initiative RGB colour image encoding [eciRGB (2008)] [ Technical Specification]
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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 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
or require the use of negative RGB colourimetry coordinates.

A scene-referred extended colour gamut colour encoding is particularly desirable for pro

monitor,

fessional

capture devices such as photographic film, can be outside those that can be represented w
colour gamut of a typical monitor or other types of output devices. Similarly, scene-referred im
have a larger luminance dynamic range than output-referred images since they have not'been

b} a colour rendering process to fit the images to a specific output medium applying appropriate
colour reproduction aims. Retaining the unrendered scene-referred image data‘has the advan
preserves the option to make decisions about how a particular image is to be rendered. For

scene-referred image of a backlit scene can retain information about both thé dark foregrouy
nd the bright background region of the scene. This information can be usedto make a properly
rint of either the foreground region or the background region, or altefnatively can be used to

hproved image by rendering the two regions differently.

p{otography applications. For example, colours captured by digital cameras, as well as cony

ST e o

By using a standard scene-referred extended colour gamut colpurimage encoding, images can
riterchanged and manipulated without restricting the image+te a particular rendering intent

device. The reference input medium metric RGB (RIMM RGB) colour encoding specified in th
40 22028 meets the needs of these types of applications. An extended dynamic range versid
cplour image encoding known as extended reference‘input medium metric RGB (ERIMM RG

—-

[

(%)

urces. The scene-referred RIMM RGB colour image encoding is intended to be complementa
itput-referred ROMM RGB colour image encoding specified in ISO/TS 22028-2. Both colour e
e based on the same “wide RGB” additive celour space to facilitate the development of image p

L O O

r¢ndered output-referred ROMM RGBimages.

The International Organization for/Standardization (ISO) draws attention to the fact that it ig
that compliance with this document may involve the use of patents concerning extended ran
encodings given in 4.4 and 4:5:1SO takes no position concerning the evidence, validity and sco
pptent right.

Theholder of this paténttighthasassured ISO thathe/she iswilling to negotiatelicences underre
and non-discriminatery terms and conditions with applicants throughout the world. In this reg
statement of thé . holder of this patent right is registered with ISO. Information may be obtaine
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Attention is drawn to the possibility that some of the elements of this document may be the s

ubject of

patent rights other than those identified above. ISO shall not be held responsible for identifying any or

all such patent rights.
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TECHNICAL SPECIFICATION ISO/TS 22028-3:2012(E)

Photography and graphic technology — Extended colour

encodings for digital image storage, manipulation and
interchange —

Part 3:

Reference input medium metric RGB colour image
encoding (RIMM RGB)

1] Scope

This part of ISO 22028 specifies a family of scene-referred extended colotr gamut RGB colo

RIMM RGB can be manipulated, stored, transmitted, displayed or printed by digital still picturg
systems. Three precision levels are defined using 8-, 12- and 16-bits/channel.

Ap extended luminance dynamic range version of RIMM RGBis also defined, designated as
r¢ference input medium metric RGB (ERIMM RGB). Twoprecision levels of ERIMM RGB arg
uping 12- and 16-bits/channel.

FP-RIMM RGB, a floating point version of RIMM R&B, defines the expression method of RI
ir] a floating point figure. Three precision level$ of FP-RIMM RGB are defined using 16-,
6fk-bits/channel.

2| Normative references

The following referenced documents.are indispensable for the application of this document. H
re¢ferences, only the edition cited‘applies. For undated references, the latest edition of the r¢
dpcument (including any amendments) applies.

p—

40 12234-2, Electronic still-picture imaging — Removable memory — Part 2: TIFF/EP image dat

140 22028-1:2004, Rhatography and graphic technology — Extended colour encodings for digi
sforage, manipulatien and interchange — Part 1:Architecture and requirements

Pt

40 11664-1, Cotorimetry — Part 1: CIE standard colorimetric observersl)
C|E Publication 15, Colorimetery
IREE"754, IEEE Standard for Floating-Point Arithmetic

ur image

encodings designated as reference input medium metric RGB (RIMM RGB). Digital images encoded using

imaging

bxtended
defined

MM RGB
32- and

or dated
ferenced

a format

al image

1) Replaces ISO/CIE 10527.
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3 Terms and definitions

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

31

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 The adapted white can vary within a SCene.

3.2
additivel RGB colour space
colourinietric 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 fornfing' a weightqd
combination of the CIE XYZ tristimulus values for the individual colour primaries, whergthe weights are
proportipnal to the radiometrically linear colour space values for the corresponding colour primaries

NOTE 1 | A simple linear 3 x 3 matrix transformation can be used to transform between CIE XYZ tristimulyis
values anfl the radiometrically linear colour space values for an additive RGB colour'space.

NOTE 2 | Additive RGB colour spaces are defined by specifying the CIE chromaticity values for a set of additiye
RGB primjaries and a colour space white point, together with a colour compgnent transfer function.

3.3
adopted|white
spectral [radiance distribution as seen by an image capture o measurement device and converted to
colour signals thatare considered to be perfectly achromaticdnd to have an observer adaptive luminange
factor offunity; i.e. colour signals that are considered to\correspond to a perfect white diffuser

NOTE 1 | The adopted white can vary within a scene, ifistich variation is supported by the imaging system.

NOTE 2 | The adopted white is not required to,be an estimate or approximation of the adapted white. Fopr
example, |f a scene lit by tungsten illumination is €aptured using a DSC with the white balance set to D55 (daylight),
the adoptied white will be D55 but the adaptéd white will be closer to a tungsten illuminant (e.g. ISO 7589 Studjio
Tungsten|or CIE [lluminant A).

NOTE 3 | See 3.1.

3.4
colourimetric colour space
colour space having an exact and simple relationship to CIE colourimetric values

NOTE Colourimetric colour spaces include those defined by CIE (e.g. CIE XYZ, CIELAB, CIELUV), as well as
colour spgces that ate'simple transformations of those colour spaces (e.g. additive RGB colour spaces).

colour cpomponent transfer function
i l i abla oot oo ot a0 ] Lo o o ol s A A Ml o o o o ol o o o
Slng e V I'TAUIC, TIIUITULUIIIU TIIdLIIvIIIauItdl TUuIlIicLIviIl ul_ll_lll\,u IIITuUrLyv l\.lblull)’ CU UILIU Ul 111IUI'C LUIUULI LIlidadIliIiliic S

of a colour space

NOTE1 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  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, encompassing both colour space
encodings and colour image encodings

2 © IS0 2012 - All rights reserved
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3.7

colour gamut

solid in a colour space, 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
encodmg, together with any information necessary to properly interpret the colour values such as the
ithage state, the intended image viewing environment and the reference medium

—

NPTE1 Insome cases, the intended image viewing environment will be explicitly defined forthe colpur image
emcoding. In other cases, the intended image viewing environment can be specified on an image‘by-injage basis
ing metadata associated with the digital image.

o

NPTE2  Some colour image encodings will indicate particular reference mediumrcharacteristics, [such as a
rgflection print with a specified density range. In other cases, the reference medium)will not be applicpble, such
ag with a scene-referred colour image encoding, or will be specified using image fmetadata.

NPTE3  Colour image encodings are not limited to pictorial digital imdges that originate from an original
sdene, but are also applicable to digital images with content such as text, lin€art, vector graphics and other forms
of original artwork.

319
coplour rendering
nlapping of image data representing the colour-space coordinates of the elements of a scene tp output-
r¢ferred image data representing the colour space coordinates of the elements of a reproducti¢pn

NPTE Colour rendering generally consists of one’orr more of the following:
— compensating for differences in the'iriput and output viewing conditions;

— tone scale and gamut mapping.to map the scene colours onto the dynamic range and colgur gamut
of the reproduction;

— applying preference adjustments.

3|10
coplour space
geometric representation;of colours in space, usually of three dimensions

[GIE Publication 174:3987, 845-03-25]
3{11
colour spaceencoding

djgital enceding of a colour space, including the specification of a digital encoding method, and a colour
sLace value range

NPTE 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 values are normalized

NOTE 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.

© IS0 2012 - All rights reserved 3
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3.13
image state
attribute of a colour image encoding indicating the rendering state of the image data

NOTE 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
transmiting diffuser identicatly tttuminmated

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

3.15
observef adaptive luminance factor
ratio of the luminance of a stimulus to the luminance of a stimulus that an observefr. adapted to the
viewing pnvironment would interpret to be a perfect white diffuser

3.16
output-ileferred image state
image sthte associated with image data that represents the colour space ceordinates of the elements pf
an imagg that has undergone colour rendering appropriate for a specified real or virtual output devige
and viewjing conditions

NOTE 1 | When the phrase “output-referred” is used as a qualifier¢o an object, it implies that the objeft
is in an gutput-referred image state. For example, output-referred\image data are image data in an outpyt-
referred |mage state.

NOTE 2 | Output referred image data are referred to the specified output device and viewing conditions.|A
single scene can be colour rendered to a variety of output-referred representations depending on the anticipated
output vigwing conditions, media limitations and/or artistic intents.

NOTE 3 | Output-referred image data can become the starting point for a subsequent reproduction process. For
example, SRGB output-referred image data are fréquently considered to be the starting point for the colour rp-
rendering performed by a printer designed tereceive SRGB image data.

3.17

scene
spectral fradiances of a view of the natural world as measured from a specified vantage point in spage
and at a $pecified time

NOTE A scene can correspond to an actual view of the natural world or to a computer-generated virtugl
scene simulating such aview.

3.18
scene-réferred-infage state
image state associated with image data that represents estimates of the colour space coordinates of the
elementd af-a scene

NOTE1  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  Scene-referred image data can be determined from raw DSC image data before colour rendering 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  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 2012 - All rights reserved
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NOTE4  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.

NOTES5  The transformation from raw DSC image data to scene-referred image data depends on the relative
adopted whites 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 used for the incorrect scene-referred image data has adequate precision and dynamic range.

NOTE 6  The scene can correspond to an actual view of the natural world, or be a computer-generated virtual
siene simulating such a view. It can also correspond to a modified scene determined by applying modififations to
an original scene to produce some different desired scene. Any such scene modifications need to leave the image
n a scene-referred image state and need to be done in the context of an expected colour rendering-transform.

—

3|19

tfistimulus value
nounts of the three reference colour stimuli, in a given trichromatic system), required to njatch the
lour of the stimulus considered

(@RS}

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

3{20

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

DTE1  Veiling glare lightens and reduces the contrast ef the darker parts of an image.
DTE 2 In CIE Publication 122, the veiling glare of 2 CRT display is referred to as ambient flare.

N

N

3|21

viewing flare

veilingglarethatisobservedinaviewingefivironmentbutnotaccounted forinradiometricmeasyrements
nlade using a prescribed measurementigeometry

N

3

%

DTE The viewing flare is expressed as a percentage of the luminance of adapted white.

22

orking colour space
cplour space encoding-in~which operations such as image edits, enhancements, or colour rgndering
are performed

DTE1 The image’state in a working colour space can change as operations are performed.

N
NPTE 2 If gperations performed in a working colour space are guided by viewing the image on a medlium, that
mledium aid the associated viewing conditions become the reference for the resulting image.

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 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 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

© IS0 2012 - All rights reserved 5
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limited only by the floating pointencoding 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 No. 15 using the CIE 1931 standard colourimetric observer defined in ISO 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 RGB, any
scene modifications shall leave the image in a scene-referred image state.

Scene-referred image data may have an associated pre-determined colour rendering transform. When
an assocfated pre-determined colour rendering transform is present with scene-referred image dath,
such an intended colour rendering transform should be included in any image preview path that issuséd
to provide subjective feedback to a user, unless:

— The pser has selected direct viewing of the scene-referred image and intends that modifications are
to b¢ previewed in the scene-referred state.

— The[scene-referred image data has been converted to an appropriate working,colour space for
manpal editing and colour rendering. In this case the user may exercise the eption to apply or npt
apply an associated pre-determined colour rendering transform, if present,when the scene-referrgd
image data are converted to the working colour space.

EXAMPLES Scene modifications could include removing haze from the captured image, or allowing a usgr
to manually adjust the exposure/white balance. It could also include mor€ complex operations such as using a
“dodge-apd-burn” algorithm to correct over-exposed regions of a backlit)scene. (This can be viewed as being
analogous to “re-lighting” the scene.) Scene modifications could also“include applying desired changes to tﬁe
scene such as simulating a “night” scene, making grass greener to make it look healthier, or making the sky blugr
to make if look clearer. However, typical colour rendering transforms‘will include a boost in the midtone contrafst
and chroma of the image. Consequently, any boost in colourfulnéss of the scene (e.g. making the grass greenejr)
needs to re done with the knowledge that there may be an additional chroma boost during colour rendering.

NOTE 1 | The image colourimetry of the scene-referred“image can contain inaccuracies due to the dynamlic
range limlitations of the capture device, noise from various sources, quantization, optical blurring and flare thpt
are not cqrrected for, and colour analysis errors due'to capture device metamerism. In some cases, these sources
of inaccugacy can be significant.

Three different precision levels are defined for RIMM RGB, and shall be identified as RIMM8 RGB,
RIMM12| RGB and RIMM16 RGB,.for 8-, 12- and 16-bits/channel (24-, 36- and 48-bits/pixdl)
represerjtations, respectively.

For extepded reference inpuf medium metric RGB (ERIMM RGB), two different precision levels are
defined @and shall be identified as ERIMM12 RGB and ERIMM16 RGB, for 12- and 16-bits/channel (36-

NOTE 2 ; TS A
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 to support RIMM RGB, ERIMM RGB or FP-RIMM RGB images in system environments
designed to support output-referred images.

FRIVIVF RCB o FP-RINVIM REBITTa0e remtended for use 1T VST eNVITOTITG

The colour image encoding defined in this part of ISO 22028 conforms to the requirements defined in
Clause 5 of ISO 22028-1:2004.
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4.2 Adopted white

The adopted white shall have the chromaticity values of CIE Standard Illuminant Dsq (xo = 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?2, 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.

NPTE These default values are intended to be typical of bright outdoor viewing environments;

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
ir] Table 1. All chromaticity values specified in this document shall be based on'the CIE 1931 twp-degree
standard observer defined in ISO 11664-1. Rationale for the choice of these primfaries 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 Dsg given as giveh-n Table 1.

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

Reference medium primaries GIE chromaticities
X y u’'a via
Red 0,734 7 0,265 3 0,623 4 0,506 5
Qreen 0,159 6 0,840 4 0,0500 0,592 5
Blue 0,036-6 0,0001 0,0500 0,000 3
White point 0,345 7 0,358 5 0,209 2 0,488 1

al  The u-v’chromaticity values for the RGB primaries and colour space white point given in this table can be degived from
the x-y chromaticity values and are provided for information purposes.

44 RIMM RGB, ERIMM RGB, FP-RIMM RGB colour image encoding

4{4.1 Encoding principles

RIMM RGB colotifyimage encoding values shall be determined from the tristimulus values of|a scene-
r¢ferred imageusing a matrix transformation (see 4.4.3) followed by a colour component|transfer
fynction (see4.4.4) 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

e lced:ng fur\l‘finn (See /1 /1 7) cshallbhaucad inctand afthoca rriI'ren m /l /1 /1 ;\‘nd /1 /1 5

TCtTro ST T o et e ot et Ot root-g TTT

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.

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.

© IS0 2012 - All rights reserved 7
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Image colourimetry encoded as RIMM RGB, ERIMM RGB or FP-RIMM RGB should not contain colours
outside the spectrum locus.

4.4.2 Tristimulus value normalization

The image tristimulus values shall be normalized such that the normalized Y tristimulus value of the
adopted white is 1,0.

X
Xy =
N Yeor
Y
=l Y ()
'PDR
VA
Zy =
YppR
where
X,Yand Z are the scene-referred image tristimulus values, after havingheen white balancgd
to produce tristimulus values relative to the RIMM RGB adoepted white;
XN, Yy and Zn are the normalized image tristimulus values;
YPDR is the Y tristimulus value of the scene adoptedavhite after white balancing to the

RIMM RGB adopted white chromaticity.

4.4.3 RIMM RGB conversion matrix

The following matrix shall be used to compute linear RIMM-RGB colour space values (Rrimm, GrRiMM and
BrimM) from the normalized image tristimulus values (X, YN and Zy):

Rringm 13460 -0,2556 -0,0511][ Xy
Grinw | =|—-0,5446 15082 10,0205 || ¥y (2)
Brilm 0,0000 0,0000 12123 || Z§

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

NOTE This matrix will map nopmalized image tristimulus values with the chromaticity of Ds¢ to equal linear

RIMM RGB colour space values. A-neutral with a Yy value of 1,0 will map to linear RIMM RGB colour space valugs
of 1,0. A neutral with a Yy value 8£0,0 will map to linear RIMM RGB colour space values of 0,0.

4.4.4 RIMM RGB colour component transfer function

The fundtional formYof the RIMM RGB colour component transfer function shall be:

0,0, CR||V|M <0,0
( L \4 S CRiv 0.0 < Coppy<0018
Vclip

1 (3)

Veip
10; Crimm 2 Egiip

CrimMm =
[ J(mogg Camm ™ _0,099); 0,018 < Crmm < Ecip

where
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C is either R, G, or B;
CrimMm and C’'rimm  are the radiometrically linear and nonlinear RIMM RGB colour space values,
respectively;
ECllp = ZJO
and
I 4 0000 045 D000 VY NaVal
Vaip — hUIILlip =0, 099=1402

NPTE This colour component transfer function is based on that specified in ITU-R BT.709-8!

4{4.5 RIMM RGB digital encoding function

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

CriMm = Round(CRIMM X[max)

RIMM RGB colour space encoding; Imax is the maximum integer, value used for the digital enco
the Round( ) function returns the nearest integer value.

Fpr RIMM8 RGB, Iax shall be 255.
For RIMM12 RGB, Ijhax shall be 4095.
Fpr RIMM16 RGB, I1hax shall be 65535.
N

DTE The digital encoding function maps a‘nonlinear colour space value range of 0,0 to 1,0 (corre
td a linear colour space value range of 0,0 to<2,0) onto a digital code value range of 0 to Iiyax.

4{4.6 ERIMM RGB colour component transfer function
The functional form of the ERIMM RGB colour component transfer function shall be:

0,0 iy CR|MM < 0,0
0,0789626
Ly

16970 Crivm +3,0 ).
55 ; Ey <Crimm < Eqip

10; Crimm > Egiip

Crimv s 0,0 <Crium < E¢

CERIMM Z[

where

c iseither R, (G, or B:

CRIMM is the linear RIMM RGB colour space value;

C’ERIMM is the nonlinear ERIMM RGB colour space value;

Eclip = 102,5 approximately 316,23 is the upper exposure limit;
and

E; =e/1000 = 0,00271828

(4)

(5)

wihere C is either R, G, or B; C’rimM is the nonlinear RIMM RGB colour space value; C”rimuM is ttﬁe digital

ing; and

sponding

(6)

(7)

is the breakpoint between the linear and logarithmic segments, e being the base of the natural logarithm.
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4.4.7 ERIMM RGB digital encoding function

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

CERIMM = RO“”d(CERu\AM leax) (8)
where
Cc is either R, G, or B;

C’grIMM is the nonlinear ERIMM RGB colour space value;
C’eRiMmM  is the digital ERIMM RGB colour space encoding;
Imax is the maximum integer value used for the digital encoding;

Round() isthe function that returns the nearest integer value.

For ERIMM12 RGB, Imax shall be 4095.
For ERIMM16 RGB, Imax shall be 65535.

NOTE 1 | The digital encoding function maps a nonlinear colour space value range of 0,0 to 1,0 (corresponding
to a lineaf colour space value range of 0,0 to 316,23) onto a digital code value range of 0 to Ijpax.

NOTE 2 | ThefollowingtableshowssampleneutralpatchencodingsforRIMM8 RGB,RIMM12RGBand ERIMM12 RGB.

Tgble 2 — Neutral patch encodings for RIMM8 RGB, RIMM12 RGB and ERIMM12 RGB

YN log1o YN RIMMSRGB RIMM12 RGB ERIMM12 RGB
ofoo1 -3,00 1 13 119
9,01 -2,00 8 131 745
10 -1,00 53 849 1489
18 -0,75 74 1194 1679
,00 0,00 182 2920 2234
.00 0,30 255 4095 2458
$,00 0,90 N/A N/A 2906
3,00 1,50 N/A N/A 3354
316,23 2,50 N/A N/A 4095

4.4.8 HP-RIMM RGB colour component transfer function

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

Crp-RIMM = CRIMM

where
CRIMM is the linear RIMM RGB colour space value;
Crp-riMM  isthe FP-RIMM RGB colour space value in a floating point figure based on IEEE 754:2008.

Negative values for Crp-rimMm are allowed as far as their equivalent chromaticity coordinates are within
the spectral locus.
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4.5 Inverse RIMM RGB transformation

4.5.1 General

The conversion of RIMM RGB colour encoding values back to scene-referred image tristimulus values is
accomplished by inverting the digital encoding function given in Formula (5) and the colour component
transfer 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). Similarly, ERIMM RGB colour encoding
values are converted back to scene-referred image tristimulus values using the same procedure, except
t he-inverse-of the-digital encodinefunectioneiveninFormila {8 and-the-colowrecompenent transfer
fynction given in Formula (6) is used in place of the corresponding RIMM RGB functions. Likeise, FP-

the same procedure, except there is no need to invert either the digital encoding function or the colour
copmponent transfer function.

4(5.2 Inverse RIMM RGB digital encoding function

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

. Ce
CriMM = IRIMM )
max
where
C is either R, G, or B;

C’RIMM is the digital RIMM RGB colour spaceencoding;
C'RIMM is the nonlinear RIMM RGB colour space value;
Imax is the maximum integer value used for the digital encoding.

The inverse digital encoding given i Formula (9) can be determined by inverting the digital gncoding
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 nonlinear RIMM,RGB colour space values shall be converted to linear RIMM RGB colour spage values
uping Formula (10):

KalipCRIMM 0<Che < 0,081
=~ 45 < CRIMM Varn
CRriMM= , 1/0.45 (10)
VelipCrimm + 0,099 0.081_ . .
1,099 L Vg MME
where
C is either R, G or B;

CriMm and C'rimm  are the linear and nonlinear RIMM RGB colour space values, respectively;

Velip is given in Formula (4).

The inverse colour component transfer function given in Formula (10) can be determined by inverting
the colour component transfer function specified in 4.4.4, which shall be considered to be the
normative definition.
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4.5.4 Inverse ERIMM RGB digital encoding function

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

CERIMM = C;RIMM (11)
max
where
C is either R, G, or B;
C’erimM s the digital ERIMM RGB colour space encoding;
C’grIMM is the nonlinear ERIMM RGB colour space value;
Imax is the maximum integer value used for the digital encoding.
The invefse digital encoding given in Formula (11) can be determined by invertirigthe digital encoding

function

455 1

The non
values us

10(5% CErMM=30) " 00789626 < Chrpy < 1

where

C is either R, G or B;

C’ErRIMM is the nonlinear ERIMM RGB colour space value;

CrRIMM is the linear RIMM RGRB colour space value;

Et is given in Formula (7).
The invefse colour component transfer function given in Formula (12) can be determined by inverting
the colour component transfer function specified in 4.4.6, which shall be considered to be the

normatiy

4.5.6 1

The conv

specified in 4.4.7, which shall be considered to be the normative definition.

nverse ERIMM RGB colour component transfer function

inear ERIMM RGB colour space values shall be converted-to linear RIMM RGB colour spage
ing Formula (10):

CermmEr | g cor L <0,0789626

re definition,

hverse RIMM RGB conversion matrix

ersion fromlinear RIMM RGB colour space values (RrimM, GriMM and Brimm ) to the corresponding

normalized scene-referred image tristimulus values (Xy, Yn and Zy) shall be given by:

Xy |
N

0,7977 0,1352 0,0313][ Rrimm
=10,2880 0,7119 0,0001|| Grymm (13)

Zy |

0,0000 0,0000 0,8249 || By

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

NOTE

When this matrix is applied to linear RIMM RGB colour space values that are equal, normalized image

tristimulus values with the chromaticity of Dsg are obtained.

12
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4.5.7 Inverse tristimulus value normalization

The conversion from normalized image tristimulus values to the corresponding image tristimulus

values shall be given by:

X = XNYpDR
Y = YNYppR (14)
Z =ZNYppR
where
X,Yand Z are the scene-referred image tristimulus values;
XN, Ynand Zy  are the normalized image tristimulus values;
YPDR is the Y tristimulus value of a perfect diffuse reflector.
415.8 Inverse FP-RIMM RGB colour component transfer function
The FP-RIMM RGB colour space values shall be converted to the linear RIMM RGB colour spacg by:
CriMM = CFP-RIMM
where
CRIMM is the linear RIMM RGB colour space value;
Crp-riMM  is the FP-RIMM RGB colour space valte in a floating point figure based on IEEE 7[54:2008.
© ISO 2012 - All rights reserved 13
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Annex A
(informative)

Example colour rendering transform from RIMM RGB to ROMM RGB

ofa colo ir rendered output-referred image. It is well known that the colourimetry of a pleasingcolouj-
rendered image generally does not match the colourimetry of the corresponding scene. Therefore,
transforfnation from RIMM RGB to ROMM RGB should include a colour rendering transform having
appropriate tone/colour reproduction characteristics.

Among dther things, the tone/colour reproduction process that renders the colours of a scene to the
desired folours of the rendered image should compensate for differences between the scene arld
rendered image viewing conditions. For example, rendered images generally are viewed at luminange
levels mlich lower than those of typical outdoor scenes. As a consequence, @n ‘increase in the overdll
contrast|of the rendered image usually is required in order to compensate for perceived losses In
reprodu¢ed luminance and chrominance. Further contrast increases in the shadow regions of the image
also are heeded to compensate for viewing flare associated with rendered-image viewing conditions.

In additipn, psychological factors such as colour memory and colour preference should be considergd
in colour{rendering. For example, observers generally remember‘colours as being of higher purity thgn
they really were, and they typically prefer skies and grass,to*be more colourful than they were in the
original pcene. The tone/colour reproduction aims of well~designed imaging systems will account for
such facfors.

p

of a rendered image may be substantially lessthan that of an original scene, especially scenes with
specularfhighlights. It may therefore be necessary to discard and/or compress some of the highlight anjd
shadow information of the scene to fit withinthe dynamic range of the rendered image.

Finally, the tone/colour reproduction process also-should account for the fact that the dynamic range

There is ho single “correct” set of colour rendering aims for mapping scene-referred RIMM RGB images to
form output-referred ROMM RGB images. Optimal colour rendering aims may be application-depender]
or even |mage-dependent in some cases. For example, portraiture photographers may prefer lowej-
contrast| lower-colourfulness ¢olour rendering aims, while advertising photographers may prefér
higher-cpntrast, higher-coléurfulness colour rendering aims. Similarly, the colour rendering aims that
are optirhal for “low-key*seenes may not be optimal for “high-key” scenes.

ot
N

In generpl, it may bg& necessary to use three-dimensional look-up tables (LUTSs), or other types pf
complex|transformations, 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 selectdd
such thaf colour rendering aims having generally desirable characteristics can be implemented using
simple channel-independent tone scale transformations. (For more information regarding this design
criteria, see ANSI/ISA IT10.7666, Annex A.) Therefore, a simple colour rendering transtormation 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-
referred image, it does not uniquely specify the colour appearance of a corresponding output-referred
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