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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 proceglures 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 neededfor
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

Modern digital imaging systems serve a variety of consumer and commercial applications. Depending
on the application, differing priorities will apply to such system attributes as image quality,
interoperability, simplicity of system architecture and computations, and the flexibility for optimally
using images for a variety of purposes. Trade-offs among these attributes are application-dependent.

A fundamental choice for any imaging system architecture is how to represent images numerically,
in what colour space and with what digital encoding. In some applications, a single colour encoding
designed to be compatible with the prevalent mode of image viewing by the end user can suffice.
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Sinie both multimedia and Internet-based imaging rely heavily on the viewing of images en

lay, the use of sRGB as a colour encoding makes sense for those applications. Howev
colour gamut of sRGB does not encompass the colour gamuts of many commonrinput

ices, a system architecture that depends exclusively on the use of sSRGB would'compror
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re are many different applications in ¢the fields of digital photography and graphic
involve editing, storage and interchange of digital images in a variety of image states
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There is also a need for the specification of standard extended-gamut colour encodings that can be
used in the context of this architecture to preserve the full range of colour information at every stage
of the workflow, from the initial image capture through to the final step of producing a softcopy or
hardcopy reproduction. It is anticipated that subsequent parts of this multi-part standard will define
at least one scene-referred extended-gamut colour encoding and at least one output-referred extended-
gamut colour encoding.

The International Organization for Standardization (ISO) draws attention to the fact that it is
claimed that compliance with this part of ISO 22028 can involve the use of a patent concerning colour
management given in Clause 4 and 5.4.3.

[SO takes no position concerning the evidence, validity and scope of this patent right.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=2ca8906131bcce36f884c7f6cca85dd2

IS0 22028-1:2016(E)

The holder of this patent right has assured ISO that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In
this respect, the statement of the holder of this patent right is registered with ISO. Information can be
obtained from:

Microsoft Corporation

One Microsoft Way, Redmond, WA 98052.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights other than those identified above. ISO shall not be held responsible for identifying any or

all such pa

ISO (www

fent rights.

relevant tq their standards. Users are encouraged to consult the databases for the most-up to
informatioh concerning patents.

Vi

.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line databases of “‘pat¢nts

ate
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5 part of ISO 22028 specifies a set of requirements to be met by any extendéd-“gamut colou
is to be used for digital photography and/or graphic technology applications involy

1mjge storage, manipulation and/or interchange. This part of [SO 22028is,applicable to pictq
5

es that originate from an original scene, as well as digital images With content such as te
for graphics and other forms of original artwork. This part of ISO 22028 also describes

imalge-state-based digital imaging architecture, encompassing,many common workflows, {
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of I
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H to classify extended colour encodings into a number of different image states. Howeve
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xt, line art,
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1, this part

50 22028 does not specify any particular workflow(s) that are to be used for digital plhotography

or graphic technology applications.

Normative references

following documents, in whole or in partyare normatively referenced in this documg

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

rences, the latest edition of the referenced document (including any amendments) applidg

11664-1, Colorimetry — Part 1: CIE'standard colorimetric observers

Terms and definitions

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

ab

lute colorimetric coordinates

tristimulus values, or other colorimetric coordinates derived from a tristimulus values,
numerical values correspond to the magnitude of the physical stimulus

EXAMPBLE When CIE 1931 standard colour-matching functions are used, the Y-coordinate value
to theluminance, not the luminance factor (or some scaled value thereof).

S.

where the

orresponds

3.2

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 may vary within a scene.
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3.3

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: A simple 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 RG

34

adopted w
spectral r3
to colour s
luminance

Note 1 to enftry: The adopted white may vary within a scene.
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[tis easy to

3.5
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Note 1 to efptry: Colourimetric colour spaces include those'defined by CIE (e.g. CIE XYZ, CIELAB, CIELUYV, ¢

as well as c(

3.6
colour con
single vari
of a colour
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of a referen
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(i.e. “gamm
function m4

3.7
colour eng
generic tel

B primaries and a colour space white point, together with a colour component transter runction.

hite
diance distribution as seen by an image capture or measurement deviceand convel
ignals that are considered to be perfectly achromatic and to have an pbserver ada

try: No assumptions should be made concerning the relation betweenxthe adapted or adopted w
ements of near perfectly reflecting diffusers in a scene, because measurements of such diffusers
he illumination and viewing geometry, and other elements in the'scene that may affect percep
hrrange conditions for which a near perfectly reflecting diffuserwill appear to be grey or colour

Fic colour space
e having an exact and simple relationship to CIE.golorimetric values

lour spaces that are simple transformations ofthose colour spaces (e.g. additive RGB colour spad

hponent transfer function
hble, monotonic mathematical furction applied individually to one or more colour chan
space

try: Colour component transfer functions are frequently used to account for the nonlinear resp
fe device and/or to impTove the visual uniformity of a colour space.

try: Generally, colour component transfer functions will be nonlinear functions such as a power
h”) function or<@ logarithmic function. However, in some cases a linear colour component tran
y be used.

oding
m- for a quantized digital encoding of a colour space, encompassing both colour sj

i
factor of unity, i.e. colour signals that are considered to correspond to a perfect white diff@iser

ted
ive
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3.8

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 dev

ice and/or medium

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=2ca8906131bcce36f884c7f6cca85dd2

IS0 22028-1:2016(E)

3.9

colour image encoding

digital encoding of the colour values for a digital image, including the specification of a colour space
encoding, 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 for the colour
image encoding. In other cases, the intended image viewing environment may 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
a reffection print withra speciffed density Tange. In Oter cases, te reference medium will be nmotappjicable, such
as with a scene-referred colour image encoding, or will be specified using image metadata.

Notg 3 to entry: Colour image encodings are not limited to pictorial digital images 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.

3.1
colpur-matching functions
trisfimulus values of monochromatic stimuli of equal radiant power

[SOURCE: CIE Publication 17.4, 845-03-23]

3.1

colgur rendering
mapping of image data representing the colour-space coebdinates of the elements of a sceng to output-
refdrred image data representing the colour-space coardinates of the elements of a reprodudtion

Note 1 to entry: Colour rendering generally consists of:dne or more of the following: compensating foif differences
in the input and output viewing conditions, tone s¢ale and gamut mapping to map the scene coloyrs onto the
dynpmic range and colour gamut of the reproduction, and applying preference adjustments.

3.12
colpur re-rendering
mapping of picture-referred image ‘data appropriate for one specified real or virtual imaging medium
and viewing conditions to picture-referred image data appropriate for a different real|or virtual
imajging medium and/or viewing conditions

Note¢ 1 to entry: Colour pe=rendering generally consists of one or more of the following: comp¢nsating for
differences in the viewing-conditions, compensating for differences in the dynamic range and/or colqur gamut of
the jmaging media, and-applying preference adjustments.

3.18
colgur space
geometricrepresentation of colours in space, usually of three dimensions

[SOPRCE: CIE Publication 17.4, 845-03-25]

3.14

colour space encoding

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

Note 1 to entry: Multiple colour space encodings may 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 SRGB and 10-bit bg-sRGB are different colour space encodings based on a particular additive RGB
colour space.)

© IS0 2016 - All rights reserved 3
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3.15
colour space white point
colour stimulus to which colour space values are normalized

Note 1 to entry: The colour space white point may or may not correspond to the assumed adapted white point
and/or the reference medium white point for a colour image encoding.

3.16
continuous colour space value
real-valued, unbounded colour space value that has not been encoded using a digital encoding method

3.17
device-dependent colour space
colour spage defined by the characteristics of a real or idealized imaging device

Note 1 to erftry: Device-dependent colour spaces having a simple functional relationship to CIE colourimetry|can
also be catggorized as colourimetric colour spaces. For example, additive RGB colour spaces corresponding to
real or idealized CRT displays can be treated as colourimetric colour spaces.

3.18
digital imaging system
system that records and/or produces images using digital data

3.19
extended gamut
colour ganjut extending outside that of the standard sRGB CRT display as defined by IEC 61966-2-1

3.20
film rend¢ring transform
mapping df image data representing measurements ofia photographic negative to output-refefred
image datq representing the colour-space coordinates'of the elements of a reproduction

3.21
film unrendering transform
mapping of image data representing measurements of a photographic negative to scene-referred injage
data representing estimates of the colour:space coordinates of the elements of the original scene

3.22
gamut mapping
mapping of the colour-space coardinates of the elements of a source image to colour-space coordingtes
of the elemlents of a reproductien to compensate for differences in the source and output medium colour
gamut capability

Note 1 to eptry: The tépm “gamut mapping” is somewhat more restrictive than the term “colour-renderfing”
because garhut mapping is performed on colourimetry that has already been adjusted to compensate for vieying
condition differences and viewer preferences, although these processing operations are frequently combingd in
reproductign and preferred reproduction models.

3.23
hardcopy
representation of an image on a substrate which is self-sustaining and reasonably permanent

[SOURCE: ISO 3664:2009: 3.4, modified]

3.24

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

4 © IS0 2016 - All rights reserved
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3.25
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 part of ISO 22028 are the scene-referred image state,
the original-referred image state and the output-referred image state.

3.26

International Color Consortium profile connection space
ICCPCS

standard colour image encoding defined by the International Color Consortium providing a standard
conpection point for combining ICC profiles

Notg 1 to entry: The ICC.1:2001 specification defines two variations of the PCS, an original-refered yariation for
colgurimetric intent profiles, and an output-referred variation for perceptual intent profiles.

3.27
luminance factor
ratip of the luminance of the surface element in the given direction to that"of a perfect rgflecting or
trapsmitting diffuser identically illuminated

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

3.28
lunjinance ratio
ratip of the maximum luminance to the minimum luminatice that is either present in a spefific scene,
artyork, photograph, photomechanical, or other reproduction or is capable of being created using a
particular output device and medium

3.2p
megdium black point
neuftral colour with the lowest luminance, that can be produced by an imaging medium in rjormal use,
megsured using the specified measurement geometry

Note¢ 1 to entry: It is generally desirable to specify a medium black point that has the same chromaticity as the
medium white point.

3.3p
me¢ium white point
neuftral colour with the highest luminance that can be produced by an imaging medium in rjormal use,
megsured using the specified measurement geometry

3.3
mefadata
dath associated with a digital image aside from the pixel values that comprise the digital image

Note 1 to eéntry: Metadata are typically stored as tags in the digital image file.

3.32
original-referred image state

image state associated with image data that represents the colour-space coordinates of the elements of
a two-dimensional hardcopy or softcopy image, typically produced by scanning artwork, photographic
transparencies or prints, or photomechanical or other reproductions

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

Note 2 to entry: Original-referred image data are related to the colour-space coordinates of the original, typically
measured according to ISO 13655, and do not include any additional veiling glare or other flare.

© IS0 2016 - All rights reserved 5
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Note 3 to entry: The characteristics of original-referred image data that most generally distinguish them from
scene-referred image data are that they refer to a two-dimensional surface, and the illumination incident on the
two-dimensional surface is assumed to be uniform (or the image data corrected for any non-uniformity in the
illumination).

Note 4 to entry: There are classes of originals that produce original-referred image data with different
characteristics. Examples include various types of artwork, photographic prints, photographic transparencies,
emissive displays, etc. When selecting a colour re-rendering algorithm, it is usually necessary to know the class of
the original in order to determine the appropriate colour re-rendering to be applied. For example, a colourimetric
intent is generally applied to artwork, while different perceptual algorithms are applied to produce photographic
prints from transparencies, or newsprint reproductions from photographic prints. In some cases, the assumed

viewing cop

ditions are also different between the original classes such as between nhotogranhic prints
(=] 4 Ir [=] r I

and

transparen
Note 5 to ef

original-ref
because of

3.33

output-referred image state

image stat
an image t
and viewin

Note 1 to en
in an outpu
image state

ies, and will usually be considered in well-designed systems.

try: In a few cases, it may be desirable to introduce slight colourimetric errors in the productig
brred image data, for example, to make the gamut of the original more closely fit the cdlour spac
he way the image data were captured (such as a Status A densitometry-based scannéx).

e associated with image data that represents the colour-space coordinates of the element
hat has undergone colour-rendering appropriate for a specified réalor virtual output de
g conditions

try: When the phrase “output-referred” is used as a qualifier tg'an object, it implies that the obje]
-referred image state. For example, output-referred image data are image data in an output-refe

n of
P, Or

s of

Vice

ct is
'red

Note 2 to enftry: Output-referred image data are referred to the specified output device and viewing conditions. A

single sceng
output-view

Note 3 to {
process. Foy
colour re-re

3.34

picture-referred image state

image stat
of a hardcq
image data

Note 1 to en
in a picture
image state

Note 2 to ¢
imaging me

can be colour-rendered to a variety of output-referred representations depending on the anticip
ing conditions, media limitations, and/or artistigintents.

ntry: Output-referred image data may beeome the starting point for a subsequent reprodud
example, sSRGB output-referred image data-are frequently considered to be the starting point foj
ndering performed by a printer designed-to receive sSRGB image data.

b associated with image @data that represents the colour-space coordinates of the elemg
py or softcopy image, ené¢ompassing both original-referred image data and output-refef

try: When the phrdse “picture-referred” is used as a qualifier to an object, it implies that the obje
referred image ‘state. For example, picture-referred image data are image data in a picture-refe

ntry: Picture-referred image data will generally be colour-rendered for a specific real or vir
dium afd viewing condition.

Note3toe

hted
tion

the

bnts
red

ct is
'red

tual

st Picture-referred imace data caninclude imacge datathat donot originate from an original sd
J o o o

ne,

such as text

3.35
scene

o
,line art, vector graphics and other forms of original artwork.

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

Note 1 to entry: A scene may correspond to an actual view of the natural world or to a computer-generated
virtual scene simulating such a view.
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3.36

scene-referred image state

image state associated with image data that represents estimates of the colour-space coordinates of the
elements of a scene

Note 1 to entry: When the phrase “scene-referred” is used as a qualifier to an object, it implies that the objectis 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
is performed. Generally, DSCs do not write scene-referred image data in image files, but some may do so in a
special mode intended for this purpose. Typically, DSCs write standard output-referred image data where colour-
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e 3 to entry: Scene-referred image data typically represent relative scene colourimetry estimat|
e colourimetry estimates may be calculated using a scaling factor. The scaling factor can
h additional information such as the image OECF, FNumber or ApertureValue, and" Expos
terSpeedValue tags.

e 4 to entry: Scene-referred image data may contain inaccuracies due to the dyhamic range limit
ure device, noise from various sources, quantization, optical blurring and-.flarfe that are not cd
colour analysis errors due to capture device metamerism. In some cases;these sources of inacct
ificant.

P 5 to entry: The transformation from raw DSC image data to scene<feferred image data depends o1
bted whites selected for the scene and the colour space used tg eéricode the image data. If the ¢
bted white is inappropriate, additional errors will be introduced into the scene-referred image
rs may be correctable if the transformation used to produce the scene-referred image data are kn
ur encoding used for the incorrect scene-referred image data has adequate precision and dynamic

b 6 to entry: The scene may correspond to an actual yiew of the natural world or may be a computs
al scene simulating such a view. It may also.correspond to a modified scene determined

ifications to an original scene to produce some different desired scene. Any such scene modifica
e the image in a scene-referred image state and should be done in the context of an expected coloy
sform.

y

copy
resentation of an image preduced using a device capable of directly representing diffel

MPLE The most common example is a monitor.

URCE: ISO 3664:2009: 3.14]
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3.3

standard output-referred colour image encoding
colour image encoding for output-referred image data defined and documented by an authorized
standards body or industry consortium

3.40

standard scene-referred colour image encoding
colour image encoding for scene-referred image data defined and documented by an authorized
standards body or industry consortium
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3.41

tristimulus value

amounts of the three reference colour stimuli, in a given trichromatic system, required to match the
colour of the stimulus considered

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

3.42

veiling glare

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

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

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

3.43

viewing fl
veiling gla
measurem

are
re that is observed in a viewing environment but not accounted) for in radiome
bnts made using a prescribed measurement geometry

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

4 Image-state-based digital imaging architecture

4.1 General

The archit
component

ecture of a digital imaging system can be described, on the one hand, as the sum of its
s and how those components are interconnected and, on the other hand, as the functior]s of
those compponents and how they interact with each other as an integrated system. One important aspect
of a digitallimaging architecture is how the digital'itmage data are encoded as it progresses through|the
system wdrkflow from image capture/creation;-through image processing/storage/interchange, pnd
finally to output on one or more output devices.

ood
ital
heir
b to
ure
W a

The need fpr various colour encodings and-'the rationale for their specifications can be best underst
in the conftext of the particular industry and workflow for which they are intended. The dig
photography and graphic technology industries are very diverse and often complex. However, t
core activities can be represenfed by a fairly simple model where images are classified accordin
their imagg state. As shown.jrOFigure 1, this model consists of a generic digital imaging architect
that can b¢ used to describe)the workflows for many different applications. Examples showing hd

number of

This imag
common f
many dive

typical workflows can be described in the context of this architecture are given in Anne

p-state-based digital imaging architecture, and the associated terminology, facilitatg
ramework for classifying different colour encodings and describing imaging chains
Fsetypes of digital imaging systems. Any colour image encodings that are defined in

A.

s a
for
this

International"Standard shall be described within the context of this architecture. In particular,|the
colour image encoding shall be identified with an appropriate image state. This part of ISO 22028 does
not specify any workflows that should be used for any particular applications to transform image data
to/from the identified image states.

The digital imaging architecture shows examples of where different types of devices may fit within
typical workflows utilizing colour image encodings compliant with this part of ISO 22028. It is not
intended to constrain the workflows for any particular applications to those shown in Figure 1. For
example, raw digital camera captures may be processed directly to an output-referred colour encoding
without stopping in a scene-referred colour encoding.

Workflows associated with particular applications may include additional colour encodings that may
correspond to image states different than the standard image states defined in this image-state-based
digital imaging architecture. For example, it may be useful to define a colour encoding for representing
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colour negative scans or an intermediate colour encoding for partially colour-rendered images. While
such colour encodings may be valuable internally to particular applications, they should generally not
be used for image interchange in an open system environment unless all components in the system
are enabled to properly interpret/use the image data and/or provision is made for communicating a
transformation of the image data to one of the standard image states.

The image state diagram shown in Figure 1 shows that most colour encodings can broadly be
categorized into scene-referred or picture-referred image states.

Scene-referred Picture-referred
colour encodings | colour encodings
Raw digital
camera captures Hatdcopy dcans
SCENE-REFERRED ORIGINAL-REFERRED
COLOUR ENCODING COLOUR ENCODING Transparency scans
Computer- |
generated scenes Colour- Colgur' Computgr-
rendering re-rendering generated pjfctures
transform
transform
Softcopy injages
OUTPUT-REFERRED
COLOUR ENCODING
/ Hardcopy dutput
Film Film
unrendeting rendering
transform transform

Colour negative
film scans

Figure 1 — Image(state diagram showing relationship between various types of golour
encodings

4.2 Scene-referred colour encodings

Scepe-referred colour encodings are representations of the estimated colour-space coordirates of the
elerpents 'of an original scene, where a scene is defined to be the spectral radiances of a yiew of the
natlral world as measured from a specified vantage pointin space and at a specified time

EXAMPLE Scene-referred image data may be represented in many different ways including encoding scene
colour values using a CIE colour space such as CIE XYZ or CIELAB or in terms of the response of an idealized scene
capture device such as RIMM RGB.

Scene-referred image data may correspond to an actual view of the natural world or to a computer-
generated virtual scene simulating such a view. It may also correspond to a modified scene determined
by applying modifications to an original scene. For example, such modifications could include removing
haze from the captured image or allowing a user to manually adjust the exposure/white balance. It
could also include more complex operations such as using a “dodge-and-burn” algorithm to correct
over-exposed regions of a back-lit scene. (This can be viewed as being analogous to “re-lighting” the
scene.) Scene modifications could also include applying desired changes to the scene such as simulating
a “night” scene, making grass greener to make it look healthier, or making the sky bluer to make it
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look clearer. Any such scene modifications should leave the image in a scene-referred image state and
should be done in the context of the expected colour-rendering transform. For example, typical colour-
rendering transforms will include a boost in the chroma of the image. Any boost in colourfulness of
the scene (e.g. making the grass greener) should be done with the knowledge that there will be an
additional chroma boost during colour-rendering. Consequently, the colour-rendering transform should
be included in any image preview path that is used to provide subjective feedback to a user during the
scene-editing process. Image modifications that change the image state of the image (e.g. tone scale
and gamut-mapping operations that colour-render an image to map the scene colours onto the dynamic
range and colour gamut of a certain output medium) are inappropriate for determining a modified scene.

It should he g g
inaccuraci¢s due to the dynamic range limitations of the capture device, noise from various sau
quantizati¢n, optical blurring and flare that are not corrected for, and colour analysis errors du
capture deyice metamerism. In some cases, these sources of inaccuracy can be significant.

Fain
ces,
b to

dq

NOTE
displayed o

ince scene-referred image data have not been colour-rendered, they are usually notréady to be either

printed.

4.3 Pictpre-referred colour encodings

4.3.1 Gelneral

opy
or softcopy image. Picture-referred colour encodings can be further subdivided into original-refeiired

Picture—re%erred colour encodings are representations of the colouf<space coordinates of a hardg
colour enc¢dings and output-referred colour encodings.

4.3.2 Orjginal-referred colour encodings

Original-rdferred colour encodings are representative of the colour-space coordinates (or
approximation thereof) of a two-dimensional hardcopy or softcopy input image. Original-refer
image datp are generally produced by scanning artwork, photographic transparencies/prints
photomecHanical reproductions, etc. The characteristics of original-referred image data are tig
coupled to[the characteristics of the original image source.

an
red
or
htly

NOTE Examples of ways that originalireferred image data can be represented include encoding picfure
colour valugs using a CIE colour spacé such as CIE XYZ or CIELAB, in terms of the response of an ideal
measuremept device such as a Status/A densitometer, or in terms of device-dependent control signals

particular ilnage scanning device.

When a scpne-capture device, such as a digital camera, is used for the purposes of digitizing a two-

dimension
as origina
unnecessa
of determi
However, i

hl hardcopy -or/softcopy image, the resulting image data should generally be tregted
-referred image data rather than scene-referred image data. In this case, it is usufally
'y and idappropriate to apply a colour-rendering transform to the image data for purpgses
hing eutput-referred image data since the original image has already been colour-rendefed.
[ may'be desirable to apply a colour re-rendering transform to account for the differemnces

between tH

e-hedia/viewing condition characteristics of the original image source and the final output-

referred image.

4.3.3 Output-referred colour encodings

Output-referred colour encodings are representative of the colour-space coordinates of image data that
are appropriate for a specified real or virtual output device and viewing conditions. Output-referred
colour encodings are tightly coupled to the characteristics of a particular real or virtual output device
and viewing conditions. Standard output-referred colour encodings are most commonly used for image
data intended for open interchange.

NOTE1 Examples of ways that output-referred image data can be represented include encoding picture colour
values using a CIE colour space such as CIE XYZ or CIELAB, by a colour encoding derived from CIE colourimetry (e.g.
sRGB or ROMM RGB), or by device-dependent control signals for a particular softcopy or hardcopy output device.
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NOTE 2  Insome cases, output-referred image data can become the starting point for a subsequent reproduction
process. For example, sRGB standard output-referred image data are frequently considered to be the starting
point for many desktop printing systems. In this case, the printing systems will generally perform a colour re-
rendering process to transform the sRGB colour values to those appropriate for the particular output device and
assumed viewing conditions.

4.4 Colour-rendering transforms

A colour-rendering transform is used to transform a scene-referred image to an output-referred image.
Colour-rendering transforms embody the tone and colour reproduction aims of an imaging system,

rel

It s

ting the corresponding scene colourimetry to the desired picture colourimetry.

hould be noted that colour-rendering transforms are usually substantially different\frc

trapsforms and accomplish several important purposes including compensating foriffere

inpy
and
hun

NOT

4.5

For
colg
me

EXAMPLE

1t and output viewing conditions, applying tone and gamut mapping to account forthe dyn|
colour gamut of the output medium, and applying colour adjustments to acceunt for pre
lan observers.

E Colour-rendering transforms are typically proprietary and irreversible!

Colour re-rendering transforms

cases where original-referred image data are to be transfetmed to output-referred im|
ur re-rendering transform should generally be used t¢/jadjust the image colourimetry
ia and/or intended viewing condition characteristics are not the same.

If an original-referred image represents(the colourimetry of a photographic tj

intepded to be projected in a dark room and it is desired to transform the image data to an out

col
ren
diff

NO1
rela

Sing
wit
usul
(or

r encoding associated with a reference reflectionprint medium and viewing conditions, then t}
ering transform would need to account for the'difference in the intended viewing conditions, a
brences in the media dynamic range and colour‘gamut.

E Colour re-rendering transforms-are typically proprietary and can be irreversible depen
five dynamic range and colour gamutofthe original-referred and output-referred image data.

e mostreal input/output media and viewing conditions will not be exact matches of those
N a particular output-referred (or original-referred) colour encoding, some colour re-r
plly necessary in order to,map the actual device colour values to/from a particular outp
original-referred) colour encoding. In some cases, the colour re-rendering transform

m identity
hces in the
amic range
ferences of

age data, a
¥ when the

ansparency
but-referred
e colour re-

well as the

ding on the

associated
endering is
Lt-referred
may be as

e. In other
of colours

sim
cas
insi

ple as gamut mapping any colour values outside the gamut of a particular output devid
s, more complek-colour re-rendering transforms may be used that include modificatior
the device-Colour gamut and/or compensation for viewing condition differences, etc.

I

In imaging systems employing ICC colour management, colour re-rendering to account for specific
inplit/output device characteristics is typically incorporated into the perceptual and saturafion intents
in ICC profiles for the devices. ICC colour management systems make provision for supportingseveral re-
renfléring transform options by defining a number of standard rendering intents. The ICC colourimetric
ren perceptual rendering
intent is vendor-specific and involves compromises such as trading off preservatlon of contrast in order
to preserve detail throughout the tonal range. It is intended to be used for the general reproduction
of images, particularly pictorial or photographic-type images. The ICC saturation rendering intent is
vendor-specific and involves compromises such as trading off preservation of hue in order to preserve
the vividness of pure colours. It is intended to be useful for images that contain objects such as charts or
diagrams. Since the ICC PCS version 4 perceptual-intent reference medium colourimetry represents an
output-referred colour encoding, perceptual intent transforms in input profiles for devices producing
scene-referred image data (e.g. raw digital camera captures) should also incorporate any colour-
rendering needed to produce an appropriate rendered picture.
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4.6 Filmrendering and unrendering transforms

Colour negative film scans can be transformed to either a scene-referred image state or an output-
referred image state. Due to the extremely wide dynamic range of film, it represents an excellent means
for capturing scene-referred image data. To back out the characteristics of the film, a film unrendering
transform is needed to infer the original scene colours from the film scan. Alternatively, the film scan
can be used to directly form output-referred image data. In this case, a film rendering transform is
needed to determine the desired picture colourimetry from the film scan. Typically, such transforms are
designed to model the response of a real or idealized photographic paper exposed using a conventional
photographic enlarger.

In some cages, colour negative film may be used to photograph a two-dimensional hardcopy or softdopy
input imagg. In this case, applying a film unrendering transform to the colour negative film scans\wquld
produce orfiginal-referred image data rather than scene-referred image data.

5 Requjrements for specifying a colour encoding

5.1 Coldur encoding hierarchy

One criticdl component of a digital imaging system architecture is the specification of how digital
images ar¢ represented numerically and what metadata are associated”with the digital imagef to
further define the interpretation of the image data. First, it is necesSary to define the colour space in
which the jmage will be encoded. It is also necessary to define a quantized digital colour encodinlg of
the colour gpace. Colour encodings can be specified at two levels\A colour space encoding includes|the
specificatipn of a digital encoding method. A colour image encoding further includes any additignal
informatiotl necessary to properly interpret the image ¢olour values such as the image state,|the
image viewing environment and the reference imaging medium. Figure 2 illustrates this hierarcHical
relationshilp between a colour space, a colour space encoding and a colour image encoding.

Colour image encoding

Colour space encoding

Colour space

+
Digital encoding method

+
Information necessary to properly
interpret the colour values
(image state, reference image
viewing environment, etc.)

Figure 2 — Hierarchical relationship between colour space, colour space encoding and colour
image encoding

NOTE1 According to this terminology, many “colour spaces” that have been defined in various standards and
other documents are more correctly referred to as “colour space encodings” or “colour imaging encodings.” For
example, an ICC version 4 perceptual intent “colour space” (which includes the specification of the image state,
image viewing environment and reference imaging medium) would be a “colour image encoding” according to
the terminology used in this part of ISO 22028. Similarly, the sRGB “colour space” would also be an example of a
“colour image encoding.”
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Colour encodings defined for the purpose of communicating colour image information in open digital
imaging systems should generally be complete colour image encodings in order to ensure unambiguous
communication of the intended image characteristics. Colour space encodings or incomplete colour
image encodings should only be used for communicating colour image data in cases where provision is
made for conveying any remaining information needed to define a complete colour image encoding using
mechanisms such as image file metadata or in cases where the colour image data are only used within a
closed digital imaging system where such information is well understood throughout the system.

In cases where image file metadata are used to convey any remaining information needed to define a
complete colour image encoding, a file format supporting the storage of appropriate metadata should
be i ion | j it icati ' utilize the
tal image will be enabled to properly understand and use the metadata.

Even in cases where a completely defined colour image encoding is used to represent'a digital image,
proyision should be made for identifying the particular colour image encoding to all §ystem cqmponents.
When digital images are exchanged in an open system, such identification can bé-made throyigh the use
of ifnage file metadata provided that all system components are enabled to preperly undefstand and
use|the metadata.

NOTE 2  Some file formats require the storage of images in a particular(standard colour image pncoding or
spe¢ify that the image data can be assumed to be in such a standard coleurimage encoding by default. In such
casgs, it is possible to infer the colour image encoding without explicitly identifying it using metadatj.

5.2 [further describes the information needed to define a-colour space; 5.3 further degcribes the
infgrmation needed to define a colour space encoding; 54 further describes the informatjon needed
to define a colour image encoding. Annex B summarize$ythe characteristics of a number [of existing
stapdard colour image encodings in accordance with the terminology specified in this part of
1SO[22028. Annex C discusses a number of criteria<that should be considered when selectipg a colour
imajge encoding for use in a particular applicationrand workflow.

5.2 Information needed to define a colour space

5.2/1 General

Theinformation needed to define.a colour space will depend on the type of colour space being specified.
Colgur spaces can be broadly(€ategorized into the following three types:

— |colourimetric;
— | colour appearance;
— |device-depéendent.

In some cases, a nonlinearity or some other colour transformation may be applied to the c¢lour space
valies fog-purposes such as improving encoding efficiency. The resulting transformed cglour space
valyes’shall be considered to be in a different colour space.

EXAMPLE If a logarithmic transformation were applied to CIE XYZ colour values, the original XYZ colour
values and the log XYZ colour values would be two different colour spaces.

5.2.2 Colourimetric colour spaces

5.2.2.1 General

For colourimetric colour spaces, the relationship between the continuous colour space values and CIE
colourimetry shall be defined. In some cases, the colour space may be one of the standard CIE colour
spaces such as CIE XYZ or CIELAB. In those cases, the colour spaces are themselves measures of CIE
colourimetry. In other cases, a colour space may be specified that has a defined relationship to CIE
colourimetry. In those cases, the transformation back and forth between the colour space and standard
CIE colourimetry shall be defined. A CIE standard colourimetric observer, as defined in ISO 11664-1,
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shall be used for the computation of all colourimetric quantities. The particular standard colourimetric
observer that is used shall be specified.

NOTE The CIE 1931 standard colourimetric observer (often referred to as the 2° standard observer) will be
used in most applications.

Since colourimetric quantities will be dependent on measurement conditions, the assumed
measurement conditions associated with all CIE colourimetry shall be specified (e.g. 0/45 geometry
versus integrating sphere). For cases where the colourimetric quantities are computed from reflective
or transmissive media, the illuminant shall also be specified.

5.2.2.2 (IE colour spaces

5.2.2.2.1 | CIE colour space specification

A number pf colourimetric colour spaces have been defined by the CIE including CIE XYZ, CIELAB pnd
CIELUV. These colour spaces can be used directly for encoding digital image data.\In"such cases,|the
appropriate CIE colour space specification shall be identified.

5.2.2.2.2 | Colour space white point

The definition of a CIE colour space shall include the specification of the CIE chromaticity values and
the luminajnce value for the colour space white point.

5.2.2.3 Additive RGB colour spaces

5.2.2.3.1 | General

Additive RGB colour spaces are one common type ofi€olourimetric colour space. They are defined by
specifyingla set of additive RGB primaries, a colourspace white point, and a colour component transfer
function.

5.2.2.3.2 |RGB primaries chromaticity values

The definition of an additive RGB celour space shall include the specification of the CIE chromaticity
values for the RGB primaries.

NOTE The RGB primaries génetally correspond to colours that are in the red, green and blue regior]s of
colour spacg. However, this is.niot a requirement, and in fact some sets of primaries could contain physigally
unrealizabl¢ colours outsidé ofthe spectrum locus.

5.2.2.3.3 | Colourspace white point

The definition¢of"an additive RGB colour space shall include the specification of the CIE chromaticity
values and the luminance value for the colour space Whlte pomt A phosphor matrix determlned from
the CIE chr ' [ '
the linear RGB colour space values to the correspondlng CIE tristimulus values.

NOTE When the colour-matching functions associated with the RGB primaries are suitable as cone
fundamentals for von Kries-type chromatic adaptation, the RGB colour space white point can be conveniently
mapped to multiple white points in CIE XYZ. Such an additive RGB colour space can be used to achieve a level of
white point independence and multiple valid transformations to different XYZ colour space white points can be
provided.

5.2.2.3.4 Colour component transfer function

The definition of an additive RGB colour space shall include the specification of a forward colour
component transfer function that shall be applied to the radiometrically linear RGB colour space
values to determine transformed RGB colour space values. Radiometrically-linear colour space values
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are linear with respect to image radiance. An inverse colour component transfer function shall also
be specified for transforming the RGB colour space values back to corresponding radiometrically-
linear RGB colour space values. Either the forward or inverse colour component transfer function
shall be identified to be normative, the other one being derived by inverting the normative transform.
Preferably, the inverse colour component transfer function should be normative.

NOTE Generally, the colour component transfer function will be a nonlinear function such as a power-law
(i.e. “gamma”) function or a logarithmic function. However, in some cases a linear colour component transfer
function could be used.

5.2.2.4 ILuma-chroma colour spaces derived from additive RGB colour spaces

5.2]2.4.1 General

Luma-chroma colour spaces are another common class of colourimetric colour, spaces. Luma-chroma
colqur spaces are derived from additive RGB colour spaces using a luma-chromaymatrix transformation
appllied to the RGB colour space values.

NOTE Luma-chroma colour spaces are sometimes generically referredto as YCC or YCr(g or YCgCRr
coldur spaces.

5.212.4.2 Additive RGB colour space

The definition of a luma-chroma colour space shall include ‘the specification of an additive RGB colour
spafe upon which the luma-chroma colour space is based~(See 5.2.2.3))

5.2§2.4.3 Luma-chroma matrix

The definition of a luma-chroma colour space shall include the specification of a forward luma-chroma
mafrix that shall be applied to the RGB colour space values to determine luma-chroma cdlour space
valges. An inverse luma-chroma matrix *shall also be specified for transforming the luma-chroma
colqur space values back to corresponding RGB colour space values. Either the forward|or inverse
luma-chroma matrix shall be identified to be normative, the other one being derived by inyerting the
norpmative matrix. Preferably, the inverse luma-chroma matrix should be normative.

NOTE The resulting “luminance-chrominance” values generally are not true “luminance” or “cHrominance”
valyes, but are only approximate correlates to these colourimetric quantities.

5.2{2.5 Other colourimetric colour spaces

enujmerated hére: The relationship between the continuous colour space values and the corfesponding

Otaﬁ forms of eolotirimetric colour spaces can also be defined that do not fall into one of the classes
imajge colourimetry for any such colour space shall be clearly defined.

5.2/3~_ Colour appearance colour spaces

Colour spaces based on colour appearance models, such as CIECAM97s, can be used for encoding
images in certain applications. The definition of a colour appearance colour space shall include the
specification of the particular colour appearance model upon which the colour space is based, together
with the particular colour coordinates to be used to represent the image data.

NOTE Colour appearance colour spaces are generally derived from CIE colourimetry, together with
additional parameters relating to the image viewing environment.

© IS0 2016 - All rights reserved 15


https://standardsiso.com/api/?name=2ca8906131bcce36f884c7f6cca85dd2

IS0 22028-1:2016(E)

5.2.4 Device-dependent colour spaces

5.2.4.1 General

Some colour spaces do not have a direct relationship to CIE colourimetry but rather are defined by the
characteristics of a real or idealized imaging device. There are two main classes of device-dependent
colour spaces. Input-device-dependent colour spaces are defined by the response of a reference image
capture device. Output-device-dependent colour spaces are defined by the characteristics of a reference
output device.

NOTE 1
such as starjdard Status A densities and output-device colour spaces such as printer CMY(K).

NOTE 2
used for int
clearly undg
with the dig

evice-dependent colour spaces commonly occur within colour processing workflows butjare rqrely
erchange of digital image data in open systems unless the characteristics of the reference devicg are
rstood across all system components or provision is made to associate device charaeterization flata
ital image data (e.g. using an ICC profile).

5.2.4.2 Ipput-device-dependent colour spaces

5.2.4.2.1 | General

Input-devi
image captf
reference i
image capt

NOTE1 1
characteris
material wh
image specf
between an

fe-dependent colour spaces shall be defined by specifyingthe characteristics of a refere
ure device, including the spectral sensitivity and colou®’'component transfer function.

mage capture device may correspond to an actual image capture device or to some ideal
ure device. A colour space white point shall also be specified.

Input-device-dependent colour spaces can sometimesbe related to CIE colourimetry if the spec

ics of the input media are known. For examplesifa densitometer is used to measure photogra
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many cases, the reference image capture device will have three colour channels — typically
lue — however, this is not a«réquirement. For example, a spectral image capture device coul
Capturing image data on a wlavelength-by-wavelength basis.

In some cases, it is inappropriate to use a simple model based on a specified spectral sensiti

component transfer function to represent the response of some input devices. (For example, s
evices might inclade*internal colour transformations to colour spaces other than the fundams
bnse space.) In.Su¢h cases, it would be more appropriate to define the colour space by specifying
between the'eontinuous colour space values and the corresponding image colourimetry as descr
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in5.2.2.5.

5.2.4.2.2 |Spéctral sensitivity

The definitiomrof amimputdevice=dependent totour space strattinctude the specificatiomof thespectral
sensitivity of the reference image capture device.

Input-device-dependent colour spaces based on image capture devices where the CIE colour-matching
functions are expressible as linear combinations of the spectral sensitivities will have a direct
relationship to CIE colourimetry and should be categorized as colourimetric colour spaces.

The spectral sensitivity for input-device-dependent colour spaces based on image capture devices
having defined illumination sources should be defined by the spectral product of the sensor spectral
sensitivities and the illumination source spectral power. For example, the effective spectral sensitivity
for a film scanner would be the spectral product of the light source used to illuminate the film and
the actual sensor spectral sensitivities. When fluorescence effects contribute significantly to an image
capture process, the spectral composition of the illumination source should be specified in addition to
the spectral product.
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5.2.4.2.3 Colour component transfer function

The definition of an input-device-dependent colour space shall include the specification of a forward
colour component transfer function for each colour channel of the colour space that relates the
radiometrically-linear representation of the colour space values to the corresponding device-dependent
colour space values. (Radiometrically-linear colour space values are linear with respect to image
radiance.) An inverse colour component transfer function shall also be specified for transforming the
device-dependent colour space values back to corresponding radiometrically-linear representation
of the colour space values. Either the forward or inverse colour component transfer function shall
be identified to be normative, the other one being derived by inverting the normative transform.

Preferablv the inverse colour component transfer function should be normative

NOTE Generally, the colour component transfer function will be a nonlinear function such"as’a power-law
(i.e.]“gamma”) function or a logarithmic function. However, in some cases, a linear colour compongnt transfer
fungtion could be used.
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definition of an input-device-dependent colour space shall include the-spécification ofac

es captured under a variety of illuminants, the colour space white point will generally
adopted white point.

whﬁtﬁe point. When the input-device-dependent colour space is intended to be used for r¢

4.3 Output-device-dependent colour spaces

put-device-dependent colour space shall be defined by specifying the relationship bg
[rol signals of a reference output device and the.eorresponding output image colour.
e colour can be expressed in a number of different ways including output image sped
e colourimetry or output image density values. The reference output device may corres
1 output device or to some idealized output device. The definition of such a space shall
Cification of a colour space white point:

put-device-dependent colour spaces-defined by a simple functional relationship to CIE co
hld be categorized as colourimeétric colour spaces. For example, additive RGB col
‘esponding to real or idealized CRT displays can be treated as colourimetric coloup
Fribed in 5.2.2.3.

put-device-dependentcolour spaces having incomplete or inexact relationships to CIE co
1ld generally not béeategorized as colourimetric colour spaces.

MPLE A calout space defined by a sampled colour characterization data set enumerat
urimetry for @dimited set of colour values will typically not be categorized as a colourimetric col

E
or cyanymagenta and yellow; however, this is not a requirement. For example, many hardcopy ou
lde’an‘additional black colour channel.
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In‘many cases, the reference output device will have three colour channels, typically red, green and

fput devices

5.3

5.3.

Information needed to define a colour space encoding

1 General

Defining a colour space encoding requires the identification of a colour space as well as a digital
encoding method.

5.3.

2 Colour space

The definition of a colour space encoding shall include the specification of a colour space according to

the

guidelines described in 5.2.
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5.3.3 Digital encoding method

5.3.3.1 General

The definition of a colour space encoding shall include the definition of a digital encoding method
for each colour component specifying the relationship between the continuous colour space values
and the digital representation of those values. Digital encoding methods will typically be integer
digital encoding methods, although floating-point digital encoding methods will be useful in certain

applications.

Both a fory

rard nnr‘nding transform (indirnfing how the continuous colour space values are map

ed

to the digi
digital cold
Either the

Fal representation of those values) and an inverse encoding transform (indicating how
ur space values are mapped back to the continuous colour space values) shall be specif
forward or inverse encoding transform shall be identified to be normative, the pther

being derived by inverting the normative encoding transform. Preferably, the inyerse encoc

transform
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nteger digital encoding

General

ion of an integer digital encoding method shall include the{specification of a colour sf
e and a corresponding digital code value range. The digital code values shall be line
the continuous colour space values. If a nonlinear eneoding of the colour space valug

desired, the appropriate nonlinearity shall be incorporated irite’the definition of the colour spac

that a lined
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r quantization function can be used.

Colour space value range

ion of an integer digital encoding method shall include the specification of a colour sf
e defined by minimum and maximuih. continuous colour space values to be represente
digital encoding.

al units of the colour space,and*will typically not be scaled to correspond to any particular int

range. For example, an RGB colour space.might have a colour space value range of 0,0 to 1,0 and a CIELAB co

space migh
colour chan

NOTE2 1
points spec

5.3.3.2.3
The defini

have colour space value‘ranges of 0,0 to 100,0 and -150,0 to 150,0 for the lightness and chr
hels, respectively.

'he minimum and aximum continuous colour space values are independent of any black and w
fied for the colpur space. In some cases, they might coincide but in others they might not.

Digital\code value range

ion“of an integer digital encoding method shall include the specification of a digital g

the
ied.
one
ling

ace
hrly
s is
P SO

ace
1 in

'he continuous colour space values and the corresponding colour space value range will generallly be
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value rang

e defined by minimum and maximum integer digital code values, I;yig and Iimax, cOrrespond

ing

to the minimum and maximum continuous colour space values. (The number of digital code values in
an integer digital encoding may be computed as Imax - Imin + 1.)

Typically, the minimum continuous colour space value will be mapped to the minimum integer digital
code value and the maximum continuous colour space value will be mapped to the maximum integer
digital code value. However, in some cases, it may be desirable to invert the polarity so that the
minimum continuous colour space value will be mapped to the maximum integer digital code value and
the maximum continuous colour space value will be mapped to the minimum integer digital code value.
In such cases, the colour space encoding specification shall explicitly note this fact.

NOTE Often, the number of digital code values will be given by 2N, where N is the bit-depth of the integer
digital encoding.
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For some applications, it is useful to define a family of colour space encodings having different digital
code value ranges but based on a single colour space and colour space value range. This enables the use
of bit-depth independent colour transforms in colour-managed digital imaging systems. Such families
of colour space encodings can be identified by a single name. When a single name is used to refer to a
family of colour space encodings, the colour space encodings shall differ only by a scale factor.

A family of integer colour space encodings based on a single colour space and having a particular colour
space value range are preferably specified using quantization equations that support a range of digital
code value ranges; however, only a particular set of digital code value ranges may be supported in a
given application.

The digital code value range is independent of the bit-depth of the digital memory used to stdre a digital
imalge. For example, a digital image represented using a “12-bit” colour space encoding-havihg a digital
codp value range of 0 to 4 095 may be stored in a 16-bit integer memory buffer. In cases’where there is
a mjsmatch between the bit-depth of the colour space encoding and the bit-depth of'the digithl memory,
it islimportant that any application using the digital image data be aware of the true digital|code value
range of the colour space encoding and how it is stored in the digital memory:

5.313.3 Floating-point digital encoding

Thg definition of a floating-point digital encoding method shall include the specification of the
reldtionship between the floating-point colour space values and.the‘continuous colour space|values.

5.3[4 Set of valid colour values

There may be certain subsets of colour values in the colour space encoding that are defined t¢ be invalid
and| therefore should not be used for representing ;images stored in the colour space enco];ing. If any
such invalid colour values exist, the colour space‘encoding specification shall identify the et of valid
colqur values.

Thd set of valid colour values can be specified relative to the encoded colour space values o1f relative to
the|continuous colour space values. The\specification shall clearly identify which type of cojour values
arefused to define the set of valid colourvalues.

NOTE Examples of colour values-that might be specified to be invalid would include colour|values that
corilespond to physically unrealizable colours (e.g. colours having negative CIE XYZ tristimulus valugs or having
CIE chromaticity values outside the spectrum locus).

5.4 Information needed to define a colour image encoding

5.4/1 General

Defining a eolour image encoding requires the identification of a colour space encoding, together with
any|information necessary to properly interpret the colour values such as the image state, the reference
imajge‘viewing environment, and the set of valid colour values in the colour space encodjng. Colour
i i i ' i ristics of a

reference imaging medium.

Multiple colour image encodings can sometimes be associated with a single colour space encoding,
where the different colour image encodings may differ in attributes such as image state and/or
reference image viewing environment. For example, a scene-referred CIE XYZ colour image encoding
can be defined where the CIE XYZ values correspond to the colours of an original scene, and an output-
referred CIE XYZ colour image encoding can be defined based on the same colour space encoding where
the CIE XYZ values correspond to the colours of an output picture. The distinction in image state is
important for the proper interpretation of the colour values since images stored in these colour image
encodings should generally be treated differently. In the first case, a colour-rendering function would
need to be applied to determine the colours for a corresponding output picture, whereas in the second
case the colour values would already represent the colours of an output picture.
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For some applications, it is useful to define a family of colour image encodings based on a corresponding
family of colour space encodings that differ only in the digital code value range. This enables the use of
bit-depth independent colour transforms in colour-managed digital imaging systems. Such families of
colour image encodings can be identified according to a single name. When a single name is used to
refer to a family of colour image encodings, the colour image encodings in the family shall differ only
by a scale factor; all of the other colour image encoding attributes (e.g. image state or reference image
viewing environment) shall be held constant.

For some applications, it is useful to define multiple colour image encodings that differ only in the
colour space encodmg but which share a common image state and reference Vlewmg environment, etc.
Examples 0

example, al simple luma-chroma matrix can be used to convert between sRGB and sYCC. Howeve
two colouf image encodings differ in image state and/or reference viewing environment, étc.,
transformgtion between such colour image encodings should account for those differences.

EXAMPLE To transform from a scene-referred colour image encoding to an output-referréd colour inhage
encoding, a[colour-rendering transformation needs to be applied to map the scene colour values to appropiyiate
picture coldur values. (This would be true even in the case where the scene-referred and ottput-referred collour
image encodlings are based upon the same colour space.)

ns and document file formats that are designed to work with multiple colour image encod
shall be aware of any differences in image state, etc., and deal with them accordingly, or should 1
themselve§ to working with colour image encodings that have these-attributes in common.

ngs
mit

In some cgses, information such as the reference image viewingenvironment and reference imag
medium cljaracteristics can be defined for a particular colourrimage encoding so that it is fixed
all images [to be stored in that colour image encoding. In other cases, it may be desirable to allow
informatiop to vary on an image-by-image basis. In such¢ases, metadata should be associated with
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ion of a colour image encoding~shall include the specification of a colour space encog
o the guidelines described in 5.3.

ling

5.4.3 Image state

be
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The defini
associated
be identifié
image stat

Fion of a colour image encoding shall include the specification of the image state tc
with images stored’in that colour image encoding. Where possible, the image state shd
d to be a scené-referred image state, an original-referred image state or an output-refef
e according fa the descriptions given in Clause 4.

Certain colour image encodings (e.g. densitometric colour space encodings intended to be used| for
scanning cplournegatives) may not fit within one of the standard image states described in Clause 3. If
such imag¢ data are to be used in open exchange, all information needed to unambiguously interpret
image dataHsthe-new-image-stateshall-be-defined-and-thereughlyrdeseribedand-allappheatiensthat
are anticipated to use the image data should be enabled to properly interpret and use image data in the

new image state.

The image state of certain colour image encodings may be somewhat ambiguous. For example, colour
encodings used for colour video systems can be associated with the colourimetry of an original scene
using the encoding equations for standardized video capture systems. They can also be associated
with the colourimetry of an output picture using the characteristics of a standard display device. (This
basically involves using two different colour image encodings, one relating the colour values to the
scene colourimetry and a second relating the colour values to the picture colourimetry.) In such cases,
the image state identified for the colour image encoding shall be consistent with the image colourimetry
specified in the colour image encoding definition. (For example, if the colour values are related to
original scene colourimetry, the colour image encoding would be associated with a scene-referred
image state; if the colour values are related to output picture colourimetry, the colour image encoding
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would be associated with an output-referred image state.) In cases where defined relationships may
exist between the colour image encoding and image colourimetry in multiple image states, the colour
image encoding should be identified with the image state that is most consistent with the fundamental

characteristics of the colour encoding.
5.4.4 Reference image viewing environment

5.4.4.1 General

In order to properly interpret the colour appearance of images encoded in a colour image encoding, it is

necgssary to specliiy a reference image viewing environment in which the image 1s intended.to

NOTE It is not necessary that the image actually be viewed in the reference image viewinhg e
Rather, the reference image viewing environment is intended to provide a context for interpreting t
colour appearance of the encoded image colourimetry. For cases where the image is to be‘viewed
vieying environment significantly different than the specified reference image viewing’/environmg
be desirable to use a colour appearance transform to determine corresponding imdge ‘colourimetry
progluce the intended colour appearance in the actual viewing environment. Dépending on the af
might not always be necessary or desirable to apply such colour appearance transforms, even for case
refefence and actual viewing environments might be significantly different.

For| colour appearance colour spaces, the definition of a reference image viewing envi
not|required since it is accounted for in the determination of-the colour values. However,
applications, it still may be useful to specify a reference’image viewing environment i
conimunicate that an image has been rendered for a certain viewing environment.

5.4/4.2 Image surround

The definition of a colour image encoding shall-include the specification of an image sur
imajge surround refers to the characteristics.0f the field surrounding the image being viej
thelfield of vision. Where possible, the refeérence image surround should be quantitatively
spe
spefified in absolute terms or as some fraction of the colour space white point luminance or t
white point luminance.

Ins
dist

ome applications, the assuiiption of a uniform surround field is inappropriate. In thesgq
ribution of light in the sturround region should be carefully described.

5.4/4.3 Assumed adapted white point

Theg definition of‘a’/colour image encoding should include the specification of the CIE ch
valtes and the-liminance value for an assumed adapted white point, the adapted white
the|colour stiitulus that an observer who is adapted to the viewing environment would
perfectly.achromatic and to have a luminance factor of unity (i.e. absolute colourimetric d
that an‘observer would consider to be a perfect white diffuser).

be viewed.
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Cifying the surround chromaticity and surround luminance. The surround luminance can either be
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cases, the
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If a cotour Image encoding 1s mtended to be used IoI representing 1mages where no assum

ed adapted

white point can be identified, this fact should be clearly identified. Examples of applications where such
encodings could be useful would include digital cinema applications where the adapted white point
may be image-dependent and may vary on a scene-by-scene basis to achieve a desired visual effect
and applications where scene-referred images are encoded prior to any adapted white luminance
estimation step.

NOTE1 Depending on the image presentation, a particular medium white point might be perceived to
be brighter than, darker than, or equal to the adapted white point. For example, by controlling the image
presentation, the white point of a CRT might be perceived to be identical to a white piece of paper (i.e. somewhat
darker than the adapted white point) or it might be perceived to have a luminance factor greater than unity (i.e.
somewhat brighter than the adapted white point).
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NOTE 2  The specification of the adapted white point for an output-referred colour image encoding effectively
defines the expected appearance of the reference medium white point and therefore has implications for the
expected image presentation, as well as the intended appearance of images to be stored using that colour image
encoding.

NOTE 3 In areal image, the actual adapted white point might be different than the assumed adapted white
point and might even vary within the image.

No assumptions should be made concerning the relation between the assumed adapted white point
and measurements of near perfectly reflecting diffusers in a scene or picture, because measurements
of such dlffusers will depend on the illumination and viewing geometry, and other elements in the
scene that 111511\. +affect Pet LCPLIUII His €asy toatt ange conrditionsfor-whichatreat pet fct,u_y reflee ..lng

diffuser will appear to be grey or coloured.

5.4.4.4 ILuminance of adapting field

The definifion of a colour image encoding should include the specification of the lunitinance of|the
adapting fleld. This quantity can be specified by directly specifying a luminancevalue (typically in
units of cdfm2). Alternatively, the luminance of the adapting field can be defined.relative to the adagted
white poinft. For many typical viewing environments, setting the luminance pf\the adapting field tp be
20 % of th¢ luminance of the adapted white point is an appropriate default,

NOTE The luminance of the adapting field is used by many colour appearance models, such as CIECAM9Ys.

5.4.4.5 Viewing flare

The definition of a colour image encoding shall include the specification of the assumed viewing flare
associated|with the reference image viewing environment,\The viewing flare should be specified ps a
percentagd of the luminance of the colour space white point luminance or the assumed adapted white
point luminance.

NOTE Yiewing flare does not include any portion‘of the veiling glare that is accounted for in the measyred
image coloyrimetry (and therefore in the colour space values). If the measurement technique specified in| the
colour spacp definition exactly simulates the reférence image viewing environment, then the viewing flaye is
identically 7ero.

5.4.5 Set of valid colour values

There may(be certain subsets of colour values in the colour space encoding that are defined to be invlid
and therefpre should not be'used for representing images stored in the colour image encoding. If fany
such invalid colour values-€xist, the colour image encoding specification shall identify the set of valid
colour valyes.

The set of yalid colour values can be specified relative to the encoded colour space values or relativie to
the continjous ¢olour space values. The specification shall clearly identify which type of colour values
are used td define the set of valid colour values.

NOTE xamples of colour values that might be specified to be invalid would include colour values that
correspond to physically unrealizable colours (e.g. colours having negative CIE XYZ tristimulus values or having
CIE chromaticity values outside the spectrum locus) or colour values outside of a specified dynamic range and/or
reference colour gamut associated with the colour image encoding.

If a set of valid colour values is identified for the colour space encoding, the set of valid colour values for
the colour image encoding should be a subset of those identified for the colour space encoding.

The set of valid colour values may be different for various colour image encodings that are based on the
same colour space.
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6 Reference imaging medium

6.1 General

The definition of a colour image encoding for an outputreferred image state shall define the
characteristics of a reference imaging medium associated with the specified real or virtual output device.

NOTE 1

colo

ur encodings.

In some cases, it might also be desirable to define a reference imaging medium for original-referred

Measurement conditions shall be specified for all colourimetric quantities associated with the
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display device. Alternatively, a virtual colour gamut may be defined encompassing the colot

one

nition of the reference imaging medium. The measurement conditions should be cons
be specified for any colourimetric quantities associated with the colour space.

surement conditions.

6.2 Reference imaging medium white point

definition of an output-referred colour image encoding shall inc¢lude the specification
bmaticity values and luminance value for the reference imaging medium white point.

E The reference imaging medium white point does not necess$arily correspond to either the
fe point or the assumed adapted white point.

6.3 Reference imaging medium black point

definition of an output-referred colour image*encoding shall include the specification
bmaticity values and luminance value for the reference imaging medium black point.

6.4 Rendering target colour gamut

definition of an output-referred.Colour image encoding shall include the specificat
Hering target colour gamut assoc€iated with the reference imaging medium.

Fendering target colour gamutis defined, it should be specified whether the colour gamut
m boundary such that any ¢olour values outside of that boundary are invalid or whethe
ut is defined only to provide guidance for any colour-rendering operations that are used
ges to be stored inthe-colour image encoding.

ndering targeteolour gamut may be defined corresponding to the actual colour gamut of

or more realor imaginary display devices.

stent with

E2  All colourimetric quantities will therefore include any veiling glare associated with the specified
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Annex A
(informative)

Example system workflows

A.1 General

To illustrafe how the image-state-based digital imaging architecture described in Clause 4. ¢an

used in the¢ context of many different applications, this Annex gives examples of a number of diffe
workflows| commonly encountered in digital photography and graphic technology. These workfl
take varioys paths through the image state diagram that was shown in Figure 1.

A.2 Genferic workflow for digital photography

Figure A.1illustrates a generic workflow for digital photography. The input ilmage consists of the sd

being photpgraphed as seen through the optics of a digital still camera. Next, the image sensor an

be
Fent
DWS

ene
its

associated|electronics convert the optical image into a digital image representing the device-dependent
raw response of the camera. A camera compensation transformation’ is then applied to the imagg in

order to ddtermine colour values in a scene-referred colour encoding. This transformation may include
operations|such as dark current and flare removal, exposure adjustment and white-balance, as well as
a sensor characterization transform relating the raw senser<fesponse to an estimate of the appafent
scene coloyrimetry.
Original Scene
Scene Editing
r (re-lighting, etc.)
Camera Compensation
Ij AD Raw Digital | Exposure Adjustrment | Scene-Referred
Pigital 1 — C Tt (amera Captures | White Balanci | Colour Encoding
ammers, onverter ¢ Balancing
| Sensor Characterization |
Colour Rendering
| Tone Mapping |
| Garmut Mapping |
| X Do |
t teur-Preferenes—
Display Colour Softcopy Image ’
. — Transform
Picture Editing Output-Referred
(add text, etc.) Colour Encoding
N Printer Colour
Transform Hardcopy Image
Figure A.1 — Generic workflow for digital photography
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Generally, some sort of error minimization technique is used to determine the camera compensation
transformation that results in minimum average colour errors under some set of nominal scene
capture conditions. (Standard error minimization techniques for determining digital still camera
compensation transformations are currently being developed as ISO 17321-2.) The accuracy of the
camera compensation transformation will be a function of the sensor spectral sensitivities and the
scene illumination, as well as the accuracy and robustness of the error minimization technique used to
determine the camera compensation transformation. Consequently, the accuracy of the scene-referred
image data will also depend on these same factors. The accuracy requirements for the scene-referred
image data will be application-dependent.

ai
an putput-referred image state. Colour-rendeting transforms accomplish several important purposes
including compensating for differences in.the input and output viewing conditions, applying tone and
gamut mapping to account for the dynamiic range and colour gamut of the output medium, aijd applying
colqur preference adjustments to acceunt for colour reproduction preferences of human|observers.
(Colour-rendering transforms are typically proprietary and irreversible.)

Additional image-editing operations may be applied to the output-referred image data. Fqr example,
the|[image may be modified nsing an interactive image-editing application, text or graphjcs may be
added to the image, the image may be cropped/rotated/resized, or the image may be compgsited with
other images.

Finglly, the image is transformed to a device-dependent representation for a specific oufput device
using a device colour transform and a final viewable image is produced on the output deviceg as either a
soffcopy or hardcopy image. The device colour transform relates the colour space values in the output-
refdrred celetr encoding to the appropriate device control signals necessary to reproducg the image
on thatcdevice. The device colour transform may include a re-rendering transform to accofint for any
differences between the dynamic ranges and colour gamuts of the reference output device and the
actuatoutputdevice.

The following should be noted.

— In some workflows, the device colour transform may be implemented using ICC profiles for the
output-referred colour encoding and the output device.

— Insome applications, the output-referred colour encoding may correspond to a colour encoding for a
particular reference output device, such as an sRGB display. In that case, no device colour transform
would be needed to send the image to the reference output device.

— An output-referred colour encoding produced by a digital photography workflow may be the
starting point for a subsequent graphic technology workflow.
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In some workflows, the various processing steps shown in Figure A.1 may be distributed, involving
a different set of persons/applications for each step of the process that may or may not directly
communicate with each other. The person who originally captured the image may not know for what
purpose an image will be used or at least not know what output device will be used. In this case, the
greatest flexibility can be retained by deferring colour-rendering decisions as long as possible in the

workflow.

Depending on the details of the particular workflow, the end users may or may not have any control
over the various transformation steps or even be aware that they are occurring. For example, in a
professional workflow, the camera compensation transform may be applied by the digital camera’s

in-camera

rocessing and the resulting scene-referred image data stored in a proprietary file for

at

that can o
may be ap
customer f{
output-refg
encoding f|
transform
print path
workflow,
the resulti
user intera

hly be opened using custom image acquisition software. The colour-rendering trans{
blied in the image acquisition software, which may or may not provide opportunity, for
o adjust the colour-rendering aims. The image acquisition software may then priovide
rred image data to a commercial image-editing software in an extended-gamut co
br further editing. The image-editing software would apply an appropriateidisplay co

could be used to print the final image. In the other extreme, for a fully-aitomatic consu
h1] of the colour transforms could be applied in the digital camera’s in-camera processing
1g image could be stored directly in a display-ready colour encodingwith no opportunity
ction or control.

A.3 Genferic workflow for digital camera producing display-ready images

Some of thle intermediate image representations shown in Figiire A.1 may not be explicitly emplqg
in every digital photography workflow. Depending on the particular application, some (or all) of]
image-pro¢essing transforms may be concatenated together. In the extreme, a single colour transf
operation may be used to go directly from the raw digital camera capture through to the final ouf
device coldur encoding so that there are no intermediate images at all. For example, Figure A.2 shoy
workflow that is common in many consumer digital photography applications. In this case, the dig
camera prpduces a finished file in an output-referred, display-ready colour encoding (e.g. SRGB).
in-camera [processing converts the raw image.-captures all the way through to the final display-r¢
colour encpding. There may or may not be intermediate stopping points in the image-processing ch

but if ther
camera ar

b are, they are usually not atcessible to the user. Since the images produced by the dig
b in a display-ready colourjencoding, they can be displayed directly on a softcopy dis]

without thee need for additional colour transforms (provided that the characteristics of the softd

display arg
encoding).
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A printer colour_transform is still required to print hardcopy images but in most desK
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Figure A.2 — Generic workflow for digital camera producing display-ready images

Printer colour,
transform

Hardcopy image

The in-camera processing will typically inelude operations such as exposure adjustment pnd white-
balance, as well as any camera compensation and colour-rendering necessary to produce an output
imalge with the desired colour appearance when the image is viewed on the reference display. The exact
imaging chain used to implement such steps can vary widely in complexity and quality. However, in
one| simple implementation, an.automatic white-balance algorithm can be used to estimate channel-
dependent gain factors that €an be applied to the individual RGB colour channels of the lijear sensor
RGH values. At this point, heutral scene elements will have approximately equal colour vdlues. Next,
a sgnsor characterizationmatrix can be applied to the linear sensor RGB colour values to|determine
illuminant
Can next be
bd with the
e phosphor
t, a simple
(LUT) that
re radiance

‘ : br an sRGB
dlsplay) can be applled to account for the nonlmear response of the softcopy dlsplay (The tone scale
function and the nonlinear display transfer function can be combined into a single one-dimensional
look-up table for implementation purposes.) This entire sequence of transformation can therefore be
implemented using a simple LUT-matrix-LUT imaging chain.

A.4 Generic workflow for copy-stand photography

Figure A.3 shows a workflow diagram for using a digital camerain a copy-stand photography application.
While the workflow is quite similar to that shown in Figure A.1, there are several key differences. The
most important difference is that the input image is a piece of original artwork (e.g. a photograph, a
painting or a drawing) rather than a scene. As a result, the input image is already in a picture-referred
image state and therefore it is inappropriate to apply a colour-rendering operation. In this case, the
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original picture has presumably already been rendered so that it has the desired colour appearance
(at least under the appropriate original viewing conditions). Depending on the characteristics of the
input and the output media and any differences in the original and output-viewing conditions, a colour
re-rendering transform may be needed to determine an image appropriate for the output medium and
viewing conditions.
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Figure A.3 — Generic workflow for copy-stand photography

Since copy{stand photography applications are usually carried out under well-controlled image capfure
conditions| the camera compensation transform can often be determined for the actual conditjons
under whirh the camera will be irsed. As a result, automatic exposure control and white balgnce
operations|will typically be unnetessary and the accuracy of the camera compensation transform may
be significpntly higher. However, unless the digital camera has spectral sensitivities that are ligear
combinatigns of CIE colgup-matching functions, the optimal camera compensation transform may be
input-media-dependents

The follow|ng sheuld’be noted.

— In marjy,€ases, the colour re-rendering transform may be close to an identity transform if the ijput

and outputmediaand viewing conditionsare sufficiently similay |

— Since the goal of most copy-stand photography applications is to produce an exact copy of the
original artwork, there is usually no need for image-editing operations or colour preference
transformations, although such steps can be useful to correct defective originals or make desirable
image enhancements.

A.5 Generic workflow for scanning hardcopy

Figure A.4 shows an analogous workflow diagram for an application using a hardcopy scanner to
scan an original image. This workflow is almost identical to that shown in Figure A.3 for copy-stand
photography, except that the digital camera has been replaced by a hardcopy scanner, and the camera
compensation transform has been replaced with a corresponding scanner compensation transform.
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Figure A.4 — Generic workflow for scanning hardcopy
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hould be noted that the accuracy~of'the scanner compensation transformation will be
he scanner spectral sensitivities-and the input media characteristics, as well as the ac
istness of the modelling technique used to determine the scanner compensation trans
sequently, the accuracy of the original-referred image data will also depend on these sa
accuracy requirements for the original-referred image data will be application-depende

ansparency scannérworkflow would be very similar to the hardcopy scanner workflow,
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Curacy and
formation.
me factors.
nt.

except that
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colour re-rendefring transform would typically need to make more significant change|
amic range and.intended viewing conditions for transparency materials are typically qui
n that of mest-other types of output media.

A.§ Generic workflow for hardcopy scanners producing display-ready images

Dep cudiug omrthe appli\,atiuu, other-workftows Ty atsobe approprt tatefor-use-withtar dt,up scanners.
For example, Figure A.5 shows a workflow that is common in many desktop scanner applications. In
this case, the scanner produces a finished file in an output-referred display-ready colour encoding (e.g.
sRGB). The in-scanner processing converts the raw scanner captures all the way through to the final
display-ready colour encoding. The in-camera processing will typically include any required scanner
compensation and colour re-rendering operations to produce an output image with the desired colour
appearance when the image is viewed on the reference display. (The in-scanner processing may be applied
in the scanner itself or in accompanying host software.). Since images produced by the scanner are in a
display-ready colour encoding, they can be displayed directly on a softcopy display without the need for
additional colour transforms (provided that the characteristics of the softcopy display are sufficiently
close to those of the standard display assumed for the display-ready colour encoding). A printer colour
transform is still required to print hardcopy images but in most desktop digital imaging applications, this
colour transform is applied in the printer driver or hardware and is invisible to the user.
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A.7 Ge

ric workflow for scanning colournegatives

Figure A.6|shows a generic workflow diagram.for'scanning colour negatives. This workflow has s
notable differences relative to the other workflows that have been discussed due to the fundament
different characteristics of colour negatives. The diagram actually illustrates two different workflo

the fir

the seq

Due to the
capturing

5t going through a scene-referred image state;
ond going directly to an.output-referred image state.

extremely wide dyrdamic range of colour negative film, it represents an excellent meang
scene-referred-image data. To back out the characteristics of the film and scanner, a

unrendering transformrissneeded to infer the original scene colours from the film scan. In additio

compensat]
to account

ing for theleolour and tone reproduction characteristics of the film, it is usually necess
for thewoptical flare in the film camera and the colour response of the scanner. Also,

usually ne
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should be

essary.to apply a colour/density balancing step to account for the fact that colour negat
ly Captured over a wide range of exposure levels and usmg a wide Varlety of 1llum1nant
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film compensatlon as being components of the film unrendering transform. However they could also be
implemented as a series of individual transforms.

For the second workflow shown in Figure A.6, the film scan is used to directly form output-referred
image data. In this case, a film rendering transform is needed to determine the desired picture
colourimetry from the film scan. Typically, such transforms include a print model to mimic the
response of photographic paper exposed using a conventional photographic enlarger. As with the film
unrendering path, it is also necessary to apply scanner compensation and colour/density balancing
operations.
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Figure A.6 — Generic workflow for scanning colour negatives

following should be noted.

The film unrendering workflow maintains the greatest amount of flexibility for repur

posing and

editing the image datay, However, italso requires a more careful characterization of the filijm response

in order to create the film unrendering transform.

For cases whéreit is a requirement to match conventional photographic prints, the filn
path will generally be a more straightforward solution.

Géneric workflow for video imaging systems

rendering

deo imaging

g an
systems are closely related to the dlgltal camera systems shown in Flgures A and A.2, there are
several points that are worth further discussion due to the potential for confusion when fitting such
systems into the image-state-based digital imaging architecture shown in Figure 1. Most video system
standards, such as Rec. ITU-R BT.709, are actually video camera standards and as such specify the
relationship between the colour of a scene and the colour encoding that video cameras should produce.
Therefore, according to the guidelines presented in this part of ISO 22028, such video RGB colour
encodings should strictly be classified as “scene-referred” colour encodings. However, since these same
video RGB colour encodings are adapted to be ready for direct display on a standard television, it could
also be argued that they are “output-referred” colour encodings as well. This has led some to suggest
that the distinction between scene-referred images and output-referred images is artificial (and
perhaps unnecessary) and additionally that the image-state-based digital imaging architecture does
not adequately represent some important classes of imaging systems.

© ISO 2016 - All rights reserved

31


https://standardsiso.com/api/?name=2ca8906131bcce36f884c7f6cca85dd2

IS0 22028-1:2016(E)

However, it is important to remember that while most colour encodings are intended to be used to
encode images in a particular image state, it is not the colour encoding itself that is in a particular
image state but rather the colourimetry that the colour encoding is representing. As was discussed in
5.4.3, it is possible to specify the relationship between a colour encoding and the image colourimetry
of the image in multiple image states. This is effectively the situation in video imaging systems. The
relationship between the video RGB values and the original scene colourimetry is specified by video
camera standards, such as Rec. ITU-R BT.709, while the relationship between the video RGB values
and the resulting display colourimetry is specified by the colour response characteristics of a typical
display. (Display colour response characteristics are largely non-standardized. However, the sRGB
colour-encoding standard [EC 61966- 2 1, is 1ntended to be representatlve of the response of a typical
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Figure A.7 — Generic workflow for video imaging systems
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encoding effectively is tied to multiple image states, this has led some to suggest that there is no colour-
rendering step being applied in video imaging systems and therefore that good image quality can be
achieved even in the absence of a colour-rendering step. However, it is important to remember that
even though there may be an identity transformation between the “video camera RGB values” and the
“video display RGB values,” this does not imply that there is an identity transformation between the
original scene colourimetry and the display colourimetry. This is because the video camera encoding
characteristics (specifying the relationship between the video RGB values and the scene colourimetry)
are generally not the inverse of the display characteristics (specifying the relationship between the
video RGB values and the display picture colourimetry).

Consider the workflow diagram shown in Figure A.7. A video camera is used to capture an image of an
original scene. Generally, some type of video camera compensation step is used to process the raw video
camera sensor signals, accounting for the spectral response of the particular sensors, and performing
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operations such as exposure compensation and white balance. The result of these operations is an
estimate of the “scene” colourimetry.

It should be noted that the “scene” colourimetry in this case may not be an accurate representation of
the actual colourimetry for the original scene. For example, the estimated “scene” colourimetry may
be relative to a different adopted white point than that of the actual scene. Additionally, there may be
inaccuracies in the estimated scene colourimetry due to factors such as uncorrected optical blurring
and flare, noise, and colour analysis errors due to capture device metamerism.

The scene colourimetry is then transformed to a standard video RGB colour encoding according to an
appropriate colour-encoding standard such as Rec. ITU-R BT.709. This transformation generally includes
a pifimary conversion step, together with a nonlinear “gamma correction” function. Additionally, many
high-end video systems may include additional tone mapping to smoothly compress\the highlight
infqrmation rather than harshly clipping the colour values.

In fnany video camera processing chains, there may not be a clear distinction’between the video
canjera compensation and video camera encoding steps. In fact, any particular operation in|the image-
professing chain may achieve elements of both steps. For example, a single‘‘icolour correctjon matrix”
may be used to compensate for the sensor spectral response and convert.tothe appropriatg set of RGB
colqur space primaries.

Singe the resulting “scene-referred” video camera RGB colour values,are designed to be ready for direct
input to a display, “output-referred” display RGB colour values afe conceptually determined by applying
an ]dentity transform. However, as discussed earlier, evensthough an identity transform|is used to
conpert between the scene-referred to the output-referred ‘colour encodings, this does nqt imply an
identity colour-rendering transform. Indeed, since the television display characteristics arp generally
not|designed to be the inverse of the video camera encoding characteristics, the resulting television
pictlure colourimetry will not be equal to the origihal scene colourimetry. For example, conpbining the
nonllinear encoding function associated with thetRec. ITU-R BT.709 video camera standarf, together
with a typical nonlinear display transfer function (such as that specified for an sRGB display)) results in
an ¢ffective colour-rendering transform with an overall boost in luminance and chrominanfe contrast
simjlar to that produced by most other conventional imaging systems. (For a more detailed discussion,
see[Reference [13].)

Therefore, it can be seen that while it is not possible to point to a particular “colour-rendpring step”
in the video imaging chain, this-does not change the fact that colour-rendering is still occyirring. It is
the|co-optimized design of-the’ video camera encoding and the television display charactefistics that
profuces the desired coleur<rendering characteristics. Effectively, this spreads the resporsibility for
colqur-rendering across.two components of the imaging system. However, in practice, it i$ the video
canjera processing thatbears the brunt of the rendering duties. While the theory would dictate that the
vid¢o RGB colour ¥alties produced by a video camera have a defined relationship to the cologrimetry of
thelscene, in reality, the fundamental responsibility of the video camera is to produce a plegdsing result
wheén the image is displayed on a typical television. As a result, high quality video camera$ will often
devjiate frem the theoretical encoding relationship to incorporate many of the desirable chartacteristics
of typiealkcolour-rendering transforms, such as smooth highlight compression.

ing and an
output- referred colour encodlng, in practlce video RGB Colour encodings have much more in common
with output-referred colour encodings than they do with scene-referred colour encodings. They also
have almost none of the advantages typically associated with scene-referred colour encodings, such as
extended dynamic range and colour gamut and the flexibility to delay final colour-rendering decisions
until a later time. As a result, it is not possible to obtain the full benefits associated with a scene-
referred colour encoding when video RGB colour encodings are used for interchange of images in an
open systems environment.

The key point to understand is that it is not the colour encoding itself that is in one image state or
another but rather the underlying image colourimetry that the colour encoding is representing.
Therefore, while some colour encodings, such as video RGB, can be linked to multiple image states,
the image colourimetry obtained by applying a specified colour transformation to the encoded colour
values should be associated with a single image state.
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Annex B

(informative)

Characteristics of existing colour encodings

A number of colour encodings have been defined by various standards organizations and industry

consortia.
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tics of each colour encoding relative to the terminology and requirements defined in

e cases where a particular characteristic was not explicitly specified, an@ppropriate v
e inferred from other information that was provided. In such cases, a footnote is included to

indicate how the quantity in the table was derived.

There
classif

The specifications for these colour encodings vary in their degree of conipleteness relative to
requirgments set forth in this part of [ISO 22028 for defining an unambiguous colour image encoﬂiing.

re, in the terminology of this part of ISO 22028, some of thése colour encodings shoul
ed as colour image encodings and others as colour space’ghcodings.

Table B.1 — Characteristics of sSRGB, sYCC and bg-sRGB colour encodings

Tahloc B 1 +0 R L cyyaymarion
ToBTreS—Pr+—to—Do

the
this

oo T AT

hlue

the

be

Attribute

sRGB

sYCC

bg-sRGB

Standard

IEC 61966-2-1

IEC:61966-2-1, Amendment 1

IEC 61966-2-1,
Amendment 1

Colour space'characteristics

Colour spacg type

Colourimetric: RGB colour
space

Colourimetric: Luma-chroma
colour space

Colourimetric: RGB colour
space

-t

Colour gamy

Video display-based

Extended

RGB primar

R:x=0,6400,y=0,3300

G:x=0,3000,y=0,6000

B:x=0,1500,y=0,0600
(From ITU-R BT.709)

Colour comp
transfer fun

onent
Ction

C=42)92xC
for C<0,0031308

€ =1,055 x C1/24 - 0,055
for C>0,0031308

C=-1,055 x (-C)1/2:4 + 0,055;
C=12,92xC;

C=1,055 x C1/24-0,055

(Extended from sRGB)

for €< -0,003 130 8
for |C| <0,003 1308

for C>0,0031308

Luma-chroma matrix

N/A

Y =0, 2990R’
+0,587G’ + 0,114 0B’

Cgp = 0,5000R’ - 0,41876’
~0,0813B’

Cy = —0,1687R' —0,33126’
+0,5000B’

(From ITU-R BT601)

N/A

Colour space white point

luminance

80 cd/m2
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Table B.1 (continued)

sRGB

Attribute sYCC

bg-sRGB

Colour space white point
chromaticity

x=0,3217,y=0,329 0 (Dgs)

Colour space encoding characteristics

Colour space value range

Linear RGB: 0,0to 1,0 | Linear Y: 0,0 to 1,0

Linear RGB: -0,

531t01,68

Digital code value range

0 to 255 (8-bit) provided as an example others allowed with WDC
=2n-1andKDC=0

0 to 1 023 (10-bit)

Colour image encoding characteristics

} Output-referred (hypothetical Output-referred|(hypotheti-
Image state Output-referred (CRT) extended gamut CRT) cal extended gamut CRT)
“Background” -20 % of display white point luminance level (16 cd/m2) “Surround” 420 % reflec-
Image surround . .
tance of ambient luminance level (4,1 cd/m2)
Adqpted white point .
lumlinancea Unspecified
Addpted white point e
chrpmaticitya Unspecified
Lunpinance of adapting b
field Unspecified
Valid relative luminance
range (excluding viewing 0,0.%0 1,0
flarp and veiling glare)
Ref¢rence medium
2
whilte point luminance 80 cd/m
Ref¢rence medium A _
whifte point chromaticity X=0,3127,y=0,329 0 (Des)

Ref

poi
enc

erence medium black
it luminance (refer-
e veiling glare)

0,2 cd/m?2

Ref
poi

brence medium black

It chromaticity Unspecified

aT
ima|
whil
ing
cold
sirg

b T
infe
whil
and|
nan|

e image adapted white point is the stimulus that an observer who is adapted to the viewing environment,
oe is viewed, would judge to be neutral and have a luminance factor of unity, i.e. would be perceived to be 3
te diffuser. Note that the image"adapted white will not always correspond to actual measurements of a per
diffuser in the image viewing efivironment. Also note that the mapping of the adapted white for a scene to
urimetric values in an output-referred image is a part of the proprietary colour-rendering. It will frequent
ble to map the scene adapted white point directly to the image adapted white point.

he sRGB, sYCC, and bg=sRGB colour encodings do not explicitly identify an adapted white point. It can proba
rred that the adaptéd white point chromaticity would be equal to that of the media white point, although t
te point luminawce is open to interpretation. The adapted white point would be influenced by the media wi
the standard\wiewing conditions and, additionally, by other factors such as the image presentation. Likewi
ce of the adapting field is also not specified but will be closely linked to the assumed adapted white point.

where the
perfect
Fect reflect-
barticular
y be unde-

bly be

he adapted
hite point
se, the lumi-
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Table B.2 — Characteristics of scRGB, scRGB-nl and scYCC-nl colour encodings

Attribute

scRGB

scRGB-nl

scYCC-nl

Standard

IEC 61966-2-2

Colour space characteristics

Colour space type

Colourimetric: RGB colour space

Colourimetric: Luma-chro-

ma colour space

Colour gamut

Extended

R:x=0,6400,y=0,3300
G:x=03000y=06000

RGB primaries

B:x=0,150 0,y = 0,060 0
(From ITU-R BT.709)

©
N
A

€ =-1,055 x (-C)1/24 + 0,055;

for C < -0,003.130 8
U4

Linear €=1292xC; for |c|-£ £0,003 1308
Colour component transfer function
C=1,055 x C1/2,4 - 0,055 fof&0,00S 1308
(Extended fromSRGB)
7
Y =0, 693012’
@87 0G' 40,114 0B’
£¢."= 0,5000R' — 0,4187G’
\\ R
Luma-chronma matrix N/A 5\0‘ —0,0813B’
%] / /
\'\Q Cg =—0,1687R"—0,3312G
N\ +0,5000B’
.\Q)
A\ (from ITU-R BT601)
O
Colour spacg white point luminance Absok&\ﬂlhite point luminance values are scene-dependent
Colour spacg white point chroma- ’\b‘ _ _
ticity C)\ x=0,3127,y = 0,329 0 (Dgs)?

Col(&wpace encoding characteristics

Colour spacg value range

Linéan RGB: -0,5 to
)

7,499 9

Linear RGB: -0,603 8 to 7,591 3

Linear Y: -0,603 8 t(
7,591 3

Digital codevalue range

(

-

0 to 65 535 (16-bit)

0 to 4 095 (12-bit)

C
\"./

Colour image encoding characteristics

Image state

KoM

Scene-referred

Image surropnd V\S~ Unspecified
Adapted white pointl;&ﬁﬁance Unspecifiedb
Adapted white Hgi@hromaticity Unspecifiedb
Luminance f@'iy}t'ing field Unspecifiedb
Viewing flare N/A

Valid relative luminance range

0,0 to 7,499 9¢

0,0 to 7,591 3¢

Reference medium white point
luminance

N/A

Reference medium white point
chromaticity

N/A
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Table B.2 (continued)

Attribute scRGB | scRGB-nl scYCC-nl
Fefe_rence medium black point N/A
uminance
Reference medium black point chro- N/A

maticity

a The scRGB, scRGB-nl, and scYCC-nl colour encodings do not explicitly identify colour space white point chromaticity

values; however, it can be inferred from the XYZ-to-RGB matrix that they correspond to Des.

b The scRGB, scRGB-nl, and scYCC-nl colour encodings do not explicitly identify an adapted white point, because the
ted white point can vary within a scene. and methods for the determination of the adapted white pointar

ada

tary. Ideally, the adapted white point would be equal to the colour space white point. In practice, the adapted.y
Its from the camera white balance and exposure settings and is open to interpretation. Likewise, the lumi
pting field is also not specified but will be closely linked to the assumed adapted white point.

resty
ada

¢TH
eve
and
cor

e scRGB, scRGB-nl, and scYCC-nl colour encoding specifications provide for the encoding of negative RGB v
", since colours with negative luminance values are physically impossible, such colour values@ill not occurj
therefore should not be used in practice, so the valid luminance range would be limited between 0,0 and t}
esponding encoding range.

e proprie-

rhite point
hance of the

hlues. How-
in scenes
e top of the

Table B.3 — Characteristics of ROMM RGB, RIMM RGB and ERIMM RGB colour enc¢dings

Attribute ROMM RGB RIMM RGB | ERIMM RGB
Starjdard 1SO 22028-2 ISO/TS 22028-3
Colour space characteriStics
Colaur space type Colourimetric: RGB colour space
Colour gamut Extended
R:x=0,7347,y=0,2653
RGB|primaries G:x=0,1596,y=0,840 4
B:x=0,0366,y=0,0001
C=16xC for|C=(45xC)/1,402 for|C=29,0487 4C for
Colgur component transfer [C < 0,001 953 C<0,018 C<0,002718pR8
fundtion
C=C1/18 for|C= (1,099 x C045-0,099)/1,402 C < (log10C+ 3)/5,5
C=0,001953 for €>0,018 for €>0,002 718 28
(From ITU-R BT.709)
Luma-chroma matrix N/A
Colaur space white polng 142 cd/m2a 15000 cd/m?
Sgi‘g‘gﬁi‘i’;i‘;wmte Rt x=0,345 7,y = 0,358 5(Dso)
Colour space encoding characteristics
Coldur space value range Linear RGB: 0,0 to 1,0 | Linear RGB: 0,0 to 2,0 Linear RGB: D,0 to 312,2

Digi

0to 255 (8. hit)- 0+t 4095 (12 hit):- 0t 65 535 (16.bit)
\Y 77 \Y 77 \Y J

0 to 4 095 (12

bit); 0 to

talcodevalueranae
S

5 535 (16-bit)

Colour image encoding characteristics

Image state

Output-referred (print)

| Scene-referred

Image surround

“Average” -20 % of the adapted white point

Adapted white point lumi-
nance

160 cd/m?2

15000 cd/m?2

Adapted white point chro-
maticity

x=0,345 7,y =0,358 5(Ds0)

Luminance of adapting field

Not explicitly specified but a default level of 20 % of the adapted white point luminance can be

assumed in most cases

Viewing flare

0,75 % of adapted white
point

N/A

© ISO 2016 - All rights reserved
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Table B.3 (continued)

Attribute | ROMM RGB | RIMM RGB ERIMM RGB
Valid relative luminance
range (excluding viewing 0,0to 1,0 0,0to 2,0 0,0 to 316,2
flare and veiling glare)
Reference medium white

2

point luminance 142 cd/m22 N/A
Reference medium white _ _
point chromaticity x=0,3457,y=0,358 0(Dso) N/A
Reference medium black 4 2L LA
point luminapce SRR A
Reference m¢dium black _ _
point chromdticity x=0,3457,y = 0,358 5(Ds0) N/A

a Equal to the luminance of the adapted white times the luminance factor or the reference medium white point.

b Equal to the luminance of the adapted white times the luminance factor or the reference medium blackpoint.

Table B.4 — Characteristics of FP-RIMM and eciRGB colour encodings

Attribute

FP-RIMM RGB

eciRGB

Standard

ISO/TS 22028-3

[SO/TS 22028-4

Colour space charact

eristics

Colour spacg type

Colourimetric RGB/colour space

Colour gamyt

Extended

Wide gamut display-based

RGB primar

R:x=0,7347,y=0,2653
G:x=0,159 6,y = 0,840 4
B:x=0,036 6,y =0,000 1

R:x=0,670,y=0,330
G:x=0,210,y=0,710
B:x=0,140,y = 0,080

Colour component transfer
function

linear

A
c' —|1,16xC/3 —16, € >0,008856
9,033xC, C < 0,008856

Luma-chronpa matrix

N/A

Colour spacq
nance

white point lumi-

Scaled and adapted so scene
adopted white maps to colour
space values

{1,1,1}

160 cd/m?2

Colour spacq
maticity

white point chro-

X=0,3457,y = 0,358 5 (Ds0)

x=0,3457,y = 0,358 5 (Ds0)

Colour space encoding characteristics

Colour spacg value range Only as limited by floating point | Reference display black and white normalized linfear
encoding RGB: 0,0 to 1,0
Digital code[value range Same as colour space value range 0 to 2n-1 for n-bit integer encodings
normalized colour space value range (0-1) for fldat-

ing point encodings

Colour image encoding characteristics

Image state

Scene-referred

Output-referred (display)

data; otherwise, assume 15 000
cd/m?2

Image surround As specified in image file meta- 32 cd/m?
data; otherwise, assume average
Adapted white point luminance | As specified in image file meta- 160 cd/m?2

Adapted white point chromaticity

x=0,3457,y=0,358 5 (Ds0)

x=0,3457,y = 0,358 5 (Ds0)

Luminance of adapting field

As specified in image file meta-
data; otherwise, assume 3 000

can be assumed in most cases

cd/m2

Not explicitly specified but a default level of 32 cd/m?
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Table B.4 (continued)

Attribute

FP-RIMM RGB eciRGB

Viewing flare (reference viewing
conditions)

None (any haze, etc. is considered

part of the scene)

Included in reference display black point

Valid relative luminance range

Same as colour space value range

0,003125t0 1,0

Reference medium white point N/A 160 cd/m?
luminance
Reference medium white point N/A x=0,3457,y=0,3585 (Ds0)
chromaticity
Ref TCIICT lllcd;ulll b}a\,}\ PU;II‘\: :\‘I/IA C 5 bd/’lll"
lumfinance !\@
Ref¢rence medium black point N/A x=0,3457,y = 0,358.5 [(Ds0)
chrpmaticity .

N\

,

Table B.5 — Characteristics of ICC PCS (v4) colour enc%&s
fa)
Attribute ICC v4 Perceptual Intent PCSa | IC(YQ}lfolourimetric Inftent PCSa
Stapdard 150 15076-1
Colour space characteristics &\'J

Colgur space type Colourimetric: CIE cylp@gpace (linear XYZ or L*a*b*)
Colpur gamut R \“Extended
RGH primaries X N
Colpur component transfer function & » N/A
Lunpa-chroma matrix \(\® N/A
Colgur space white point luminance 14‘-&’&'/m2 Variablef
Colgur space white point chromaticity X= 0,3&@\); =0,3585 (Ds0) Variablef

(=)

olour spx&ncoding characteristics
N

Colgur space value range \L\ Linear Y: 0,0 to 1,0
Digjtal code value range ’\\O\ Variable
Colour image encoding characteristics
Image state A@ Output-referred (print) Original-referrgd
N “« ” _ 0, :
Image surround C}) ‘Average” -20 % ofthe adapted white Variablef
. point
Addpted white point lump@,ﬁeg 160 cd/m?2 Unspecifiedb
Addgpted white point ch ja,ticity x=0,3457,y=0,3585 (Ds0) Unspecifiedb
Qy Not explicitly specified but a level of
Lunpinance of adv\'ng field 20 % of the adapted white point lumi- Unspecifiedb
nance can be assumed
A\ Nd

Vieyving f@ 0,75 % of adapted white point Unspecified
Valid fve luminance range (excluding

o1 e 0,0to 1,0
viey flare and veiling glare)
Reference medium white point luminance 142 cd/m? N/As
Egifs;ence medium white point chroma- Xx=0,3457,y = 0,358 5 (Ds) N/Ag

© ISO 2016 - All rights reserved
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Table B.5 (continued)

Attribute ICC v4 Perceptual Intent PCS2 ICC v4 Colourimetric Intent PCSa
Reference medium black point luminance 0,5 cd/ m2d N/Ag
Reference medium black point chroma- x=0,3457,y = 0,358 5 (Dso) N/Ag

ticity

a [CC PCS is generally not used for the encoding of digital images but it serves a similar purpose in its role of being a con-
nection point for colour transforms.

b The ICC v4 Colourimetric Intent PCS colour encoding does not explicitly identify an adapted white point. Proprietary

and the image da K
mated adapyed white point.

d Equal to t}
e Where Y=

g The ICC v4
point and blg

methods could be used to estimate the adapted white point from the

¢ Equal to tHe luminance of the adapted white times the luminance factor of the reference medium white point.
e luminance of the adapted white times the luminance factor of the reference medium black point.
1,0 corresponds to the medium white point luminance.

f The colour|space white point and the image surround for the ICC v4 Colourimetric Intent PCS colour‘encoding are var
ble and depgnd on “mediaWhitePointTag” and “viewingConditionsTag”.

Colourimetric Intent PCS colour encoding does not have a defined reference mediuin. The actual medium white
ck point will be variable and will depend on the ICC “mediaWhitePointTag” and.JEC)“mediaBlackPointTag.”

“viewingConditionsTag”, the “mediaWhitePointTag”
ifie ill be ely linked to the esti-

A DUCW D Q

jo5)

Table B.6 — Characteristics of ITU-R BT.709 and ITU-R BT{601 colour encodings

Attribute

ITU-RBT.709 RGB

ITU-RBT.709YCRrCg ITU-RBT.601 YCRCg]

Standard

ITU-RBT.709-3

ITU-RBT.601-5

Colour space characteristics

Colourimetric: RGB colour

Colour spacg type space Colourimetric: Luma-chroma colour space
Colour gamyt Video display-basedb
R:x=0,640,y =0,330
RGB primaries G:x=0,300,y=0,600 Unspecified
B:x= 0,150,y = 0,060
Colour component transfer ,
functionc C5="4,500 x C; |For 0<C<0,018 Unspecified

¢’ =1,099% %% —0,099;

For0,018<C<1

Y =0,2125R" +0,7152G" |y = 0,299R’ + 0,587G’

luminance

+0,072 2B/ _’_0’1143/
_ I
Luma-chronja matrix N/A CR =—0,635 O(R/ —Y) CR = 0,500R" — 0,419G
—0,081B’
- _ r_ e
C. — _0.5389(B —Y) Cg =—0,169R" — 0,331
i +0,500B
Colour space white point Unspecified

Colour space white point
chromaticity

x=0,3127,y = 0,329 0 (Dgs)

Unspecified

Colour space encoding characteristics

Colour space value range

Not clearly specified — Nomi-
nally linear RGB: 0,0 to 1,0

Not clearly specified — Nominally linear Y¥: 0,0 to 1,0
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Table B.6 (continued)

Attribute ITU-R BT.709 RGB ITU-RBT.709 YCRCg ITU-RBT.601

YCrCpa

Dig

1 to 254 (8-bit) (“Black level”
for Y =16 “Nominal peak” for
Y'=235 “Nominal peak” for
Crand Cp = 16 and 240)d

4 to 1019 (10-bit) (“Black
level” for Y = 64 “Nominal
peak” for Y =940 “Nominal
peak” for Cr and Cp = 64 and
960)d

1 to 254 (8-bit)(“Black
level” = 16“Nominal
peak” = 235)d

4 to 1019 (10-bit)(“Black
level” = 64“Nominal
peak” =940)d

1 to 254 (8-bit) (“
for Y=16 “Nomin

ital code value range Y =235 “Nominal

and Cg = 16 and 24

Black level”
al peak” for
peak” for Cr
0)d

Colour image encoding characteristics

Imadge state Scene-referrede
Image surround Unspecified
Addpted white point lumi- Unspecified
nanfce
Adapt_ed white point chro- Unspecified
mafficity
Luminance of adapting field Unspecified
Vieying flare N/A
Valid relative luminance "

Unspecified
range
Re_f’rence_ medium white N/A
poipt luminance
Reference medium white N/A
point chromaticity
Ref¢rence medium black N/A
poipt luminance
Ref¢rence medium black N/A
point chromaticity
a Agcording to the terminology used in this paxt'of ISO 22028, ITU-R BT.601 YCRCp is neither a colour space nof a colour
encpding since it is not based upon a defined colour space. Rather it is a luma-chroma transformation and a digital en-
codjng method that can be applied to a video RGB colour space such as ITU-R BT.709 RGB to determine a correfponding
lumfa-chroma colour space encodings
b The luma-chroma colour encodings permit the encoding of an extended colour gamut. However, ITU-R BT.60[L-5 recom-
mends that the gamut be limitedto that of the RGB representation.
¢ The colour component transfer function built into many real video capture systems may differ somewhat frgm those
spefified in the standards\ifi order to achieve a desired tone mapping on typical video displays. For example, spme colour
confponent transfer finctions incorporate features such as smooth roll-off of highlight detail.
d The standard specifies digital encoding values for the “black level” and the “nominal peak.” However, it is unflear wheth-
er these points-should be interpreted to correspond to a colour space value range of 0,0 to 1,0 or to some other|colour
spafe value range associated with real/ideal stimuli. Digital encoding values outside of the “black level” to “pepk level”
range aretapparently permitted, presumably corresponding to extended range scene data.
e Video.colour encoding can also be viewed as output-referred since they are designed to be compatible with typical video
dismlawzs In many cases. thismavbe amaore accurate characterization r\::rhr‘nlnrlv ifthe video capture syste has used

non-standard encodmg functions to produce a more pleasing image on typlcal Vldeo displays. For more 1nformat10n see

discussion in A.8.
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Table B.7 — Characteristics of ITU-R BT.1886 and ITU-R BT.2020 colour encodings

Attribute Reference display transfer Rec 2020 (UHDTV)
function
Standard ITU-R BT.1886 ITU-R BT.2020

Colour space characteristics

Colour space type

Colourimetric RGB colour space

Colour gamut

Video display-based

Extended

RGB primaries

Depends on video display

R:x=0,708,y=0,292
G:x=0170,y=0797

B:x=0,131,y=0,046

Colour component transfer
function

5]%2

L’:—b+[
a

12
LW%Z — LB%Z] A
L %2

hp=—— B
5 5
L /12 —L /12
w B
where Ly is the reference display

white luminance and Lg is the refer-
ence display black luminance.

a =

4,5E, 0<ELB
- aEO’45—<a—1)7ﬁ§E§1

where E is voltage normalized by the’reference whiite
level and proportional to the implicit light intensity
that would be detected with a reference camera colour
channel, B, G, B;

E’is the resulting nonlinear signal;
a =1,099 and\B = 0,018 for 10-bit system;
o =1,0993 anid B =0,018 1 for 12-bit system

luminance

Luma-chronfa matrix N/A Y/ = 0,262 7R+ 0,678 0G' + 0,059 3B’
B —-Y’
C,=—
B
1,881 4
r_ R —-Y’
R 14746
Colour spacq white point Reference-setting100 cd/m?2 Unspecified

but allowed to vary (Ly)

Colour spacg white point

x=0,3127,y=0,329 0 (Ds5)

x=0,3127,y=0,329 0 (Ds)

chromaticity
Colour space encoding characteristics
Colour spacg value range R, G, B’ and Y R, G, B’,and Y
Oto1l Oto1l
Digital codelvalue range R, G, B, and Y R, G, B, and Y

16 to 235 for 8-bit systems

£

64 to 940 for 10-bit systems

ok
OUTOT

DICSYSTCITS

oY DL .. | 40
ZJ0toO o7 TZ

A 4.0 10 Jois "
U1 O 71U 10T TU-DICSYSTCITS

256 to 3 760 for 12-bit systems

(see ITU-R BT.2020 for Cg and CR)

Colour image encoding c

haracteristics

Image state

Output-referred (display)

Scene-referred if specified CCTF is used but, in
practice, output-referred based on ITU-R BT.2020 pri-
maries and ITU-R BT.1886 reference display transfer
function

Image surround

Unspecified but dim surround typi-
cal in practice

See ITU-R BT.1886

Adapted white point lumi-
nance

Unspecified

Unspecified

Adapted white point chro-
maticity

x=0,3127,y=0,329 0 (Dg5)

x=0,3127,y=0,329 0 (Dgs)
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