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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 1SO
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
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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 fyndamental choice for any imaging system architecture is how to represent images numerically, in what
colgqur space and with what digital encoding. In some applications, a single colour encoding’designed to be
conjpatible with the prevalent mode of image viewing by the end-user may suffice. Since both multimedia and
inte[net-based imaging rely heavily on the viewing of images on a softcopy display, the,use of SRGH as a colour
encpding makes sense for those applications. However, because the colour_gamut of SRGB does not
encpmpass the colour gamuts of many common input and output devices, a system architecture that depends
exclusively on the use of SRGB would compromise colour reproduction accufacy unacceptably for some
applications.

Colpur management systems, such as that defined by the International Color Consortium (ICC), provide a
meghanism for transforming between various device-dependentsand device-independent colouf encodings
through the use of colour profiles that are used to define transfortnations between the various colour encodings
and|a standard colour space known as the profile connection:space (PCS). (The ICC.1:2001-12 gpecification
defipes two different PCS variations; one for colorimetric inteént profiles, and one for perceptual intgnt profiles.)
ThelICC PCS is intended to be a colour space to be used4dor connecting together different colour profiles, and
as guch has a colour gamut large enough to encompass most common input and output devices|and media.
However, the ICC PCS was not designed to be used as a colour encoding for the storage, transmission or
editing of digital images. Additionally, since ICC colour management is primarily designed to worl] with colour
images in a picture-referred image state, it does,not provide any explicit mechanism for the representation and
marnipulation of image data corresponding to other image states.

Thefe are many different applications\in' the fields of digital photography and graphic technology [that involve
edit|ng, storage and interchange of.digital images in a variety of image states and colour encodingq. In order to
clegrly communicate colour image information within and between these applications, it is ngcessary to
unambiguously describe the méaning of the colour values used to encode digital images. The colopr encoding
defipitions need to not only, include a specification of the relationship between the digital code |values and
corresponding physical €aloeur values, but they also need to clearly specify any other information needed to
unambiguously interpreithe colour values. Accordingly, there is a need to identify what information is required
whgn defining a colotr encoding in order to ensure that digital image data can be clearly communicated
between various ‘applications.

Thig part of 4SO 22028 addresses this need by specifying a set of requirements to be met by colouf encodings
defiheddorvarious digital imaging applications. This part of ISO 22028 also describes a reference i
baspd--digital imaging architecture that is flexible enough to support a wide variety of appli¢ations and
wor —This = = foitet f i f dings into a
number of different image states. However, this part of ISO 22028 does not specify any particular workflow(s)
that need to be used for any particular digital imaging applications.

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 document may involve the use of a patent concerning colour management given in
Clauses 4 and 5.4.3.
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ISO takes no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured I1SO 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 1SO. Information may 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 pgtent
rights.
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Photography and graphic technology — Extended colour
encodings for digital image storage, manipulation and
interchange —

Part 1:

Architecture and requirements
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be used for digital photography and/or graphic technology applications-involving digital img
ipulation and/or interchange. This part of ISO 22028 is applicable to pietorial digital images th
an original scene, as well as digital images with content such as text, line art, vector graphid
s of original artwork. This part of ISO 22028 also describes a reference image-state-based dig
itecture, encompassing many common workflows, that can be\used to classify extended colou
a number of different image states. However, this part.of© SO 22028 does not specify an
flow(s) that are to be used for digital photography and/ar.graphic technology applications.

following referenced documents are indispensable for the application of this document,
uding any amendments) applies.

CIE 10527, CIE standard colorimetric observers

Terms and definitions
the purposes of thisdoeument, the following terms and definitions apply.
plute colorimetric coordinates

mulus values, or other colorimetric coordinates derived from a tristimulus values, where th
es correspond to the magnitude of the physical stimulus

EXAMPLE “ When CIE 1931 standard colour-matching functions are used, the Y-coordinate value corres
Iumiljangg not the luminance factor (or some scaled value thereof).

3.2
adal

part of ISO 22028 specifies a set of requirements to be met by any extended-gamut colour encoding that

ge storage,
at originate
s and other
ital imaging
Ir encodings
y particular

For dated
d document

e numerical

ponds to the

pted 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 The adapted white may vary within a scene.

3.3
add

itive 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
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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 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 Additive RGB colour spaces are defined by specifying the CIE chromaticity values for a set of additive RGB
primaries and a colour space white point, together with a colour component transfer function.

3.4

adopted white
spectral radiance distribution as seen by an image capture or measurement device and converted to cdlour
signals thaf are considered to be perfectly achromatic and to have an observer adaptive luminance factqr of
unity; i.e. cglour signals that are considered to correspond to a perfect white diffuser

NOTE 1 The adopted white may vary within a scene.

NOTE 2 No| assumptions should be made concerning the relation between the adapted ©Or“-adopted white |and
measuremer(ts of near perfectly reflecting diffusers in a scene, because measurements of such diffusers will depend o the
illumination @and viewing geometry, and other elements in the scene that may affect perception. It is easy to arrgange
conditions fof which a near perfectly reflecting diffuser will appear to be grey or coloured.

35
colorimetrilc colour space
colour spacg having an exact and simple relationship to CIE colorimetricwalues

NOTE Colofimetric colour spaces include those defined by CIE (e.g. CIE XYZ, CIELAB, CIELUV, etc.), as well as colour
spaces that gre simple transformations of those colour spaces (e.g. additive RGB colour spaces).

3.6
colour component transfer function
single variaple, monotonic mathematical function applied individually to one or more colour channels of a cdlour
space

NOTE 1 Cojour component transfer functions are“frequently used to account for the nonlinear response of a referénce
device and/of to improve the visual uniformity of\a colour space.

NOTE 2 Geherally, colour component transfer functions will be nonlinear functions such as a power-law (i.e. “gamma”)
function or allogarithmic function. However, in some cases a linear colour component transfer function may be used.

3.7
colour encpding
generic terin for a quantized digital encoding of a colour space, encompassing both colour space encodjngs
and colour image encodings

3.8
colour ganmut
solid in a colour space, consisting of all those colours that are either: present in a specific scene, artwork,
photograph, photomechanical, or other reproduction; or capable of being created using a particular output
device and/or medium

3.9

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 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.

2 © 1SO 2004 — All rights reserved
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NOTE 2 Some colour image encodings will indicate particular reference medium characteristics, such as a reflection print
with a specified density range. In other cases the reference medium will be not applicable, such as with a scene-referred
colour image encoding, or will be specified using image metadata.

NOTE 3 Colour image encodings are not limited to pictorial digital images that originate from an original scene, but are also
applicable to digital images with content such as text, line art, vector graphics and other forms of original artwork.

3.10
colour-matching functions
tristimulus values of monochromatic stimuli of equal radiant power

[CI ubticationr 17

4 QAL OO 007
A, OF0°UOL0]

NOTE Colour rendering generally consists of one or more of the following: compensating, for differences in the input and
t viewing conditions, tone scale and gamut mapping to map the scene colours onto the dynamic range and colour
t of the reproduction, and applying preference adjustments.

ur 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 imaging medium
andfor viewing conditions

NOTE Colour re-rendering generally consists of one or mare.of the following: compensating for differences ih the viewing
conditions, compensating for differences in the dynamic +ange and/or colour gamut of the imaging media, pnd applying
pref¢rence adjustments.

3.13
colgur space
geometric representation of colours in(Space, usually of three dimensions

[CIH Publication 17.4, 845-03-25]

3.14
colgur space encoding
digital encoding of a celeur space, including the specification of a digital encoding method, and a cplour space
valde range

NOTE Multiple.calour space encodings may be defined based on a single colour space where the different |colour space
encgdings have different digital encoding methods and/or colour space value ranges. (For example, 8-bit SRGB and 10-bit
e-sHGB are different colour space encodings based on a particular additive RGB colour space.)

3.14
colour space white point
colour stimulus to which colour space values are normalized

NOTE 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 space defined by the characteristics of a real or idealized imaging device

© 1SO 2004 — All rights reserved 3
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NOTE Device-dependent colour spaces having a simple functional relationship to CIE colorimetry can also be categorized
as colorimetric colour spaces. For example, additive RGB colour spaces corresponding to real or idealized CRT displays can
be treated as colorimetric colour spaces.

3.18

digital imaging system

system that

3.19

records and/or produces images using digital data

extended gamut

colour gam\ C 619066.2.1

3.20

film renderfing transform

mapping oflimage data representing measurements of a photographic negative to output-referred image ¢lata
representing the colour-space coordinates of the elements of a reproduction

3.21

film unrendering transform

mapping oflimage data representing measurements of a photographic negative to.scene-referred image ¢lata
representing estimates of the colour-space coordinates of the elements of the ariginal scene

3.22

gamut magping

mapping of|the colour-space coordinates of the elements of a source‘image to colour-space coordinates of the
elements of a reproduction to compensate for differences in_ thessource and output medium colour ggmut
capability

NOTE The ferm “gamut mapping” is somewhat more restrictive\than the term “colour-rendering” because gamut magping
is performed| on colorimetry that has already been adjusted-to compensate for viewing condition differences and vigwer
preferences, |although these processing operations are frequently combined in reproduction and preferred reprodugtion
models.

3.23

hardcopy

representatjon of an image on a substrate which is self-sustaining and reasonably permanent

[ISO 3664]

3.24

ICC profile

Internationgl Color Consortium's file format, used to store transforms from one colour encoding to another,le.qg.
from device| colourscoordinates to profile connection space, as part of a colour management system

3.25

image state

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

NOTE The primary image states defined in this document are the scene-referred image state, the original-referred image
state and the output-referred image state.

3.26
Internation

al Color Consortium profile connection space (ICC PCS)

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

NOTE The ICC.1:2001 specification defines two variations of the PCS, an original-referred variation for colorimetric intent

profiles, and

an output-referred variation for perceptual intent profiles.
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3.27
luminance factor

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

[CIE Publication 17.4, 845-04-69]

3.28
luminance ratio

ratio of the maximum luminance to the minimum luminance that is either: present in a specific scene, artwork,
phojograph, photomechanical, or other reproduction; or is capable of being created using a particular output
device and medium

3.24
mediium black point

neufral colour with the lowest luminance that can be produced by an imaging mediumin normal use, measured
usirg the specified measurement geometry

NOTE Itis generally desirable to specify a medium black point that has the same-chromaticity as the mediuni white point.

3.3(
mediium white point

neufral colour with the highest luminance that can be produced:by'an imaging medium in normal us¢, measured
using the specified measurement geometry

3.31
metadata
datg associated with a digital image aside from the pixel values that comprise the digital image

NOTE Metadata are typically stored as tags in‘the digital image file.

3.3
oridinal-referred image state

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

NOTE 1 When the phrase “original-referred” is used as a qualifier to an object, it implies that the object is ip an original-
refefred image state) For example, original-referred image data is image data in an original-referred image state.

NOTE 2 Original-referred image data are related to the colour-space coordinates of the original, typically measured
accqrding t0 1SO 13655, and do not include any additional veiling glare or other flare.

NOTE-3) The characteristics of original-referred image data that most generally distinguish them from scene-réferred 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 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 colorimetric 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 conditions are also different between the original classes, such as between
photographic prints and transparencies, and will usually be considered in well-designed systems.

NOTE 5 In a few cases, it may be desirable to introduce slight colorimetric errors in the production of original-referred
image data, for example to make the gamut of the original more closely fit the colour space, or because of the way the image
data were captured (such as a Status A densitometry-based scanner).

© 1SO 2004 — All rights reserved 5
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3.33

output-referred image state

image state associated with image data that represents the colour-space coordinates of the elements of an
image that has undergone colour-rendering appropriate for a specified real or virtual output device and viewing
conditions

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

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

media limitat ons,at rchor-arttsticintents:

NOTE 3 Output-referred image data may become the starting point for a subsequent reproduction process. Farexample,
SRGB outputtreferred image data are frequently considered to be the starting point for the colour re-rendering performgd by
a printer des|gned to receive SRGB image data.

3.34

picture-referred image state

image statq associated with image data that represents the colour-space coordinates “of the elements pf a
hardcopy ol softcopy image, encompassing both original-referred image data and output-referred image dgta
NOTE 1 WHen the phrase “picture-referred” is used as a qualifier to an object, it implies that the object is in a picfure-
referred image state. For example, picture-referred image data are image data in a picture-referred image state.

NOTE 2 Piqture-referred image data will generally be colour-rendered for asspecific real or virtual imaging medium|and
viewing condition.

NOTE 3 Piqture-referred image data can include image data that do notoriginate from an original scene, such as text| line
art, vector grpphics and other forms of original artwork.

3.35

scene

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

NOTE A scéne may correspond to an actual view of the natural world or to a computer-generated virtual scene simulfiting
such a view.

3.36

scene-refefred image state

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

NOTE 1 WHhen the phrasg “scene-referred” is used as a qualifier to an object, it implies that the object is in a scene-refgrred
image state. [For example;, scene-referred image data are image data in a scene-referred image state.

NOTE 2 Scene-referred image data can be determined from raw DSC image data before colour-rendering is perforined.
Generally, DECs/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-rendering has already been
performed.

NOTE 3 Scene-referred image data typically represent relative scene colorimetry estimates. Absolute scene colorimetry
estimates may be calculated using a scaling factor. The scaling factor can be derived from additional information such as the
image OECF, FNumber or ApertureValue, and ExposureTime or ShutterSpeedValue tags.

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

NOTE 5 The transformation from raw DSC image data to scene-referred image data depends on the relative adopted

whites selected for the scene and the colour space used to encode the image data. If the chosen scene adopted white is
inappropriate, additional errors will be introduced into the scene-referred image data. These errors may be correctable if the

© 1SO 2004 — All rights reserved
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transformation used to produce the scene-referred image data is known, and the colour encoding used for the incorrect
scene-referred image data has adequate precision and dynamic range.

NOTE 6 The scene may correspond to an actual view of the natural world, or may be 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 to produce some different desired scene. Any such scene modifications should leave the image in a scene-referred
image state, and should be done in the context of an expected colour-rendering transform.

3.37
softcopy
representation of an image produced using a device capable of directly representing different digital images in

suceession-andin-a non-permanent form
T

EXAMPLE The most common example is a monitor.
[1ISO 3664]

3.3
stamdard original-referred colour encoding
a cqglour encoding for original-referred image data defined and documented by-an‘authorized standgrds body or
indystry consortium

3.34
stamdard output-referred colour image encoding
a cqglour image encoding for output-referred image data defined-ahd documented by an authorizefl standards
body or industry consortium

3.4(
stampdard scene-referred colour image encoding
a cglour image encoding for scene-referred image data defined and documented by an authorizef standards
body or industry consortium

3.41
trisfimulus value
ama@unts of the three reference colour stimuli, in a given trichromatic system, required to match the ¢olour of the
stimulus considered

[CIH Publication 17.4, 845-03-22]

3.42
veillng glare
light, reflected from,andmaging medium, that has not been modulated by the means used to producge the image

NOTE 1 Veiling glare lightens and reduces the contrast of the darker parts of an image.

NOTE 2 In<CIE 122, the veiling glare of a CRT display is referred to as ambient flare.

3.43
vie illg ftare
veiling glare that is observed in a viewing environment but not accounted for in radiometric measurements
made using a prescribed measurement geometry

NOTE The viewing flare is expressed as a percentage of the luminance of adapted white.
4 Image-state-based digital imaging architecture

4.1 General

The architecture of a digital imaging system can be described, on the one hand, as the sum of its components
and how those components are interconnected and, on the other hand, as the functions of those components
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and how they interact with each other as an integrated system. One important aspect of a digital imaging
architecture is how the digital image data is encoded as it progresses through the system workflow from image
capture/creation, through image processing/storage/interchange, and finally to output on one or more output
devices.

The need for various colour encodings and the rationale for their specifications can be best understood in the
context of the particular industry and workflow for which they are intended. The digital photography and graphic
technology industries are very diverse and often complex. However, their core activities can be represented by
a fairly simple model where images are classified according to their image state. As shown in Figure 1, this
model consists of a generic digital imaging architecture that can be used to describe the workflows for many
different applications. Examples showing how a number of typical workflows can be described in the context of
this architeqture are given in Annex A.
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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 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
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the dynamic range limitations of the capture device, noise from various sources, quantization, optical blurring
and| flare that are not-corrected for, and colour analysis errors due to capture device metamerism. In some
cases, these soufces of inaccuracy can be significant.

NOTE Since.scene-referred image data have not been colour-rendered, they are usually not ready to be either displayed
or pfinted.
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4.3.1 General

Picture-referred colour encodings are representations of the colour-space coordinates of a hardcopy or softcopy
image. Picture-referred colour encodings can be further subdivided into original-referred colour encodings and
output-referred colour encodings.

4.3.2 Original-referred colour encodings

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

NOTE Examples of ways that original-referred image data may be represented include encoding picture colour values
using a CIE colour space such as CIE XYZ or CIELAB, in terms of the response of an idealized measurement device such
as a Status A densitometer, or in terms of device-dependent control signals for a particular image scanning device.

When a scene-capture device, such as a digital camera, is used for the purposes of digitizing a two-dimensional
hardcopy or softcopy image, the resulting image data should generally be treated as original-referred image
data rather than scene-referred image data. In this case, it is usually unnecessary and inappropriate to apply a

colour-rend
original ima
transform t
image sour

4.3.3 Outy

Output-refe
appropriate
are tightly ¢
Standard ¢

interchangd.

NOTE 1 EXx
using a CIE
ROMM RGB

NOTE 2 In
For example

ETiNg transiorm to the Image data jor purposes of determining output-referred image data sinc
ge has already been colour-rendered. However, it may be desirable to apply a colour re-rende
b account for the differences between the media/viewing condition characteristics of the)orig
ce and the final output-referred image.

ut-referred colour encodings

red colour encodings are representative of the colour-space coordinatés)of image data that
for a specified real or virtual output device and viewing conditions. Outputsreferred colour encod
oupled to the characteristics of a particular real or virtual output device and viewing conditi
utput-referred colour encodings are most commonly used for, image data intended for g

hmples of ways that output-referred image data may be represented include encoding picture colour va
Colour space such as CIE XYZ or CIELAB, by a colour encoding derived from CIE colorimetry (e.g. SRG
, or by device-dependent control signals for a particular softeopy or hardcopy output device.

Eome cases, output-referred image data can become the starting point for a subsequent reproduction prog
sRGB standard output-referred image data are frequently considered to be the starting point for many deq

the
ring
inal

are
ngs
bNs.
pen

lues
B or

ess.
ktop

printing systéms. In this case, the printing systems will generally perform a colour re-rendering process to transform the

sSRGB colour

values to those appropriate for the particular output device and assumed viewing conditions.

4.4 Cololir-rendering transforms

A colour-rendering transform is used totransform a scene-referred image to an output-referred image. Colour-
rendering tfansforms embody the ton€ and colour reproduction aims of an imaging system, relating| the
correspond|ng scene colorimetry t0'the desired picture colorimetry.

It should bg noted that colour<rendering transforms are usually substantially different from identity transfgrms
and accomplish several important purposes including compensating for differences in the input and oytput
viewing conditions, applyihg tone and gamut mapping to account for the dynamic range and colour gamut of the
output med{um, and @pplying colour adjustments to account for preferences of human observers.

NOTE Colopr-rendering transforms are typically proprietary and irreversible.

4.5 Colour re-rendering transforms

For cases where original-referred image data are to be transformed to output-referred image data, a colour
re-rendering transform should generally be used to adjust the image colorimetry when the media and/or
intended viewing condition characteristics are not the same.

EXAMPLE

If an original-referred image represents the colorimetry of a photographic transparency intended to be projected

in a dark room, and it is desired to transform the image data to an output-referred colour encoding associated with a
reference reflection print medium and viewing conditions, then the colour re-rendering transform would need to account for
the difference in the intended viewing conditions, as well as the differences in the media dynamic range and colour gamut.

NOTE 1 Colour re-rendering transforms are typically proprietary and can be irreversible depending on the relative dynamic
range and colour gamut of the original-referred and output-referred image data.
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Since most real input/output media and viewing conditions will not be exact matches of those associated with a
particular output-referred (or original-referred) colour encoding, some colour re-rendering is usually necessary
in order to map the actual device colour values to/from a particular output-referred (or original-referred) colour
encoding. In some cases, the colour re-rendering transform may be as simple as gamut mapping any colour
values outside the gamut of a particular output device. In other cases, more complex colour re-rendering
transforms may be used that include modification of colours inside the device colour gamut and/or
compensation for viewing condition differences, etc.

NOTE 2 In imaging systems employing ICC colour management, colour re-rendering to account for specific input/output
device characteristics is typically incorporated into the perceptual and saturation intents in ICC profiles for the devices. ICC
colour management systems make provision for supporting several re-rendering transform options by defining a number of
stan g . i i g i fm=gqmut colours.
The|ICC perceptual rendering intent is vendor-specific and involves compromises such as trading off prgservation of
contfast in order to preserve detail throughout the tonal range. It is intended to be used for the generalreproduction of
images, particularly pictorial or photographic-type images. The ICC saturation rendering intent is vendortspecific 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 ¢ perceptual-
intent reference medium colorimetry represents an output-referred colour encoding, perceptual intent transforms in input
profijes for devices producing scene-referred image data (e.g. raw digital camera captures)-should also ingorporate any
colopr-rendering needed to produce an appropriate rendered picture.
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4.6| Film rendering and unrendering transforms
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Requirements for speeifying a colour encoding

Colour encoding hierarchy

critical compofent of a digital imaging system architecture is the specification of how digital

bded. It-is”also necessary to define a quantized digital colour encoding of the colour sp
bdings»ean be specified at two levels. A colour space encoding includes the specification
bding: method. A colour image encoding further includes any additional information necessary
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imaging medium. Figure 2 illustrates this hierarchical relationship between a colour space, a colour space
encoding and a colour image encoding.

NOTE 1 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.”

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
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5.2

Information needed to define a colour space

5.2.1 General

The information needed to define a colour space will depend on the type of colour space being specified. Colour

spaces can

be broadly categorized into three types:

— colorimetric,

— colour appearance, and

— device-dependent.
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In some cases, a nonlinearity, or some other colour transformation, may be applied to the colour space values
for purposes such as improving encoding efficiency. The resulting transformed colour space values shall be

considered to be in a different colour space.

EXA

MPLE

log XYZ colour values would be two different colour spaces.

5.2.2 Colorimetric colour spaces
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rimetric quantities. The particular standard colorimetric observer that is used ‘shall be specified

E The CIE 1931 standard colorimetric observer (often referred to as the 2° standard observer) will be
cations.

e colorimetric quantities will be dependent on measurement conditions, the assumed m
Hitions associated with all CIE colorimetry shall be specified.(€.9. 0/45 geometry versus integrat
cases where the colorimetric quantities are computed from reflective or transmissive media, th
| also be specified.

P.2 CIE colour spaces

P.2.1 CIE colour space specification

se colour spaces can be useddirectly for encoding digital image data. In such cases, the app
ur space specification shall be:identified.

P.2.2 Colour space.white point

definition of a,€IE colour space shall include the specification of the CIE chromaticity vall
nance value for_the colour space white point.

P.3 Additive RGB colour spaces
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Additive RGB colour spaces are one common type of colorimetric colour space. They are defined by specifying
a set of additive RGB primaries, a colour space white point, and a colour component transfer function.

5.2.2.3.2 RGB primaries chromaticity values

The definition of an additive RGB colour space shall include the specification of the CIE chromaticity values for

the

RGB primaries.

NOTE The RGB primaries generally correspond to colours that are in the red, green and blue regions of colour space.
However, this is not a requirement, and in fact some sets of primaries could contain physically unrealizable colours outside

of th

e spectrum locus.
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5.2.2.3.3 Colour space 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 white point. A phosphor matrix determined from the CIE chromaticity
values of the RGB primaries and the colour space white point can be used to relate the linear RGB colour space
values to the corresponding 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
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e values back to corresponding radiometrically-linear RGB colour space-values. Either the fory
blour component transfer function shall be identified to be normative;the other one being derive
e normative transform. Preferably, the inverse colour component transfer function should

erally, the colour component transfer function will be a nonlinéar_function such as a power-law (i.e. “gam
logarithmic function. However, in some cases a linear coloureomponent transfer function could be used.
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space values.

dditive RGB-colour space

bn of @-luma-chroma colour space shall include the specification of an additive RGB colour sfg
the luma-chroma colour space is based. (See 5.2.2.3.)

h-chroma colour spaces’are sometimes generically referred to as YCC or YCRCpg or YCgCp colour spaceg.
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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 matrix
that shall be applied to the RGB colour space values to determine luma-chroma colour space values. An
inverse luma-chroma matrix shall also be specified for transforming the luma-chroma colour 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 inverting the normative matrix. Preferably, the inverse luma-
chroma matrix should be normative.

NOTE The resulting “luminance-chrominance” values generally are not true “luminance” or “chrominance” values, but are
only approximate correlates to these colorimetric quantities.
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Other forms of colorimetric colour spaces can also be defined that do not fall into one of the classes enumerated

here. The relationship between the continuous colour space values and the corresponding image
for any such colour space shall be clearly defined.

5.2.3 Colour appearance colour spaces

colorimetry

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 parti
coofdinates to be used to represent the image data.

NOT
relaf

E Colour appearance colour spaces are generally derived from CIE colorimetry, together with ‘additiong
ng to the image viewing environment.

5.2.4 Device-dependent colour spaces

5.24.1 General

Some colour spaces do not have a direct relationship to CIE .colorimetry, but rather are def
chafacteristics of a real or idealized imaging device. There ared4wo’main classes of device-deper
spages. Input-device-dependent colour spaces are defined iy, the response of a reference img
dev|ce. Output-device-dependent colour spaces are defined'by'the characteristics of a reference oy

NOTE 1 Examples of device-dependent colour spaces would-include densitometric input-device colour spd
stangdard Status A densities, and output-device colour spaces such as printer CMY (K).

NOTE 2 Device-dependent colour spaces commanly“occur within colour processing workflows but are ra
interchange of digital image data in open systems‘unless the characteristics of the reference device are clearl
across all system components or provision is made to associate device characterization data with the digita
(e.g] using an ICC profile).

5.2.4.2 Input-device-dependenticolour spaces

5.24.2.1 General

Inpy
cap

cap
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t-device-dependent colour spaces shall be defined by specifying the characteristics of a refer
ure device, incldding the spectral sensitivity and colour component transfer function. The refer
ure device.may correspond to an actual image capture device, or to some idealized image cap
lour space‘white point shall also be specified.

NOTE 1 “nput-device-dependent colour spaces can sometimes be related to CIE colorimetry if the spectral ¢

cular colour

| parameters
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dent colour
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ices such as
ely used for

y understood
| image data

ence image
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ture device.

haracteristics

of the input media are known. For example, if a densitometer is used to measure photographic material wherg

b the spectral

characteristics of the dye set and base material are known, it is possible to infer the image spectra, and from there determine
the corresponding CIE colorimetry. However, the exact relationship between an input-device-dependent colour space and
CIE colorimetry generally will be media-dependent, and therefore impossible to determine precisely for unknown input
media.

NOTE 2 In many cases, the reference image capture device will have three colour channels — typically red, green and blue
— however, this is not a requirement. For example, a spectral image capture device could be defined for capturing image
data on a wavelength-by-wavelength basis.

NOTE 3 In some cases, it is inappropriate to use a simple model based on a specified spectral sensitivity and colour
component transfer function to represent the response of some input devices. (For example, some real input devices might
include internal colour transformations to colour spaces other than the fundamental sensor response space.) In such cases,
it would be more appropriate to define the colour space by specifying the relationship between the continuous colour space
values and the corresponding image colorimetry as described in 5.2.2.5.
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5.2.4.2.2 Spectral sensitivity

The definition of an input-device-dependent colour space shall include the specification of the spectral
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
colorimetry and should be categorized as colorimetric 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
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logarithmic function. However, in some cases a linear’‘colour component transfer function could be used.

Lolour space white point

The definitipn of an input-device-dependent colour space shall include the specification of a colour space W

point. Whe
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the input-device-dependent colour space is intended to be used for representing images capt
ety of illuminants, the colour space white point will generally correspond to an adopted white p

tput-device-dependent colour spaces

ce-dependent.€olour space shall be defined by specifying the relationship between the co
reference qutput device and the corresponding output image colour. The output image colour
bd in a number of different ways including output image spectra, output image colorimetry or oy
ity values.” The reference output device may correspond to an actual output device, or to s

idealized output dévice. The definition of such a space shall include the specification of a colour space W

point.
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Output-device-dependent colour spaces defined by a simple functional relationship to CIE colorimetry should
be categorized as colorimetric colour spaces. For example, additive RGB colour spaces corresponding to real
or idealized CRT displays can be treated as colorimetric colour spaces as described in 5.2.2.3.

Output-device-dependent colour spaces having incomplete or inexact relationships to CIE colorimetry should
generally not be categorized as colorimetric colour spaces.

EXAMPLE A colour space defined by a sampled colour characterization data set enumerating the CIE colorimetry for a
limited set of colour values will typically not be categorized as a colorimetric colour space.

NOTE In many cases the reference output device will have three colour channels — typically red, green and blue, or cyan,
magenta and yellow — however, this is not a requirement. For example, many hardcopy output devices include an additional
black colour channel.
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Information needed to define a colour space encoding

5.3.1 General

1:2004(E)

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 speciiicaton of a colour space accofding to the
guidelines described in 5.2.

5.3.8 Digital encoding method

5.3.B.1 General

The] definition of a colour space encoding shall include the definition of a-digital encoding methpd for each
colqur component specifying the relationship between the continuousikcolour space values and the digital

replesentation of those values. Digital encoding methods will typically-be integer digital encodin

alth

vall
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5.3.
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and
cold
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5.3.

The)
defi
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bugh floating-point digital encoding methods will be useful in certain applications.

a forward encoding transform (indicating how the continuQus colour space values are mapped
sentation of those values) and an inverse encoding transform (indicating how the digital ¢

g methods,

o the digital
blour space

es are mapped back to the continuous colour space values) shall be specified. Either the forwand or inverse

bding transform shall be identified to be normative, the other one being derived by inverting th
bding transform. Preferably, the inverse encoding-transform should be normative.

B.2 Integer digital encoding

B3.2.1 General

definition of an integer digital'encoding method shall include the specification of a colour space
a corresponding digital cede value range. The digital code values shall be linearly related to the
ur space values. If a nonlinear encoding of the colour space values is desired, the appropriate
| be incorporated inta’the definition of the colour space so that a linear quantization function ca

B.2.2 Colourispace value range

definition~of an integer digital encoding method shall include the specification of a colour space
ned<by minimum and maximum continuous colour space values to be represented in the in
bding.

B normative

value range

continuous
nonlinearity
n be used.

value range
eger digital

NOTE 1 The continuous colour space values and the corresponding colour space value range will generally be in the
natural units of the colour space, and will typically not be scaled to correspond to any particular integer range. For example,
an RGB colour space might have a colour space value range of 0,0 to 1,0, and a CIELAB colour space might have colour
space value ranges of 0,0 to 100,0 and —150,0 to 150,0 for the lightness and chroma colour channels, respectively.

NOTE 2 The minimum and maximum continuous colour space values are independent of any black and white points
specified for the colour space. In some cases they might coincide, but in others they might not.

5.3.3.2.3 Digital code value range
The definition of an integer digital encoding method shall include the specification of a digital code value range

defined by minimum and maximum integer digital code values, I, and Iyay, corresponding to the minimum
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and maximum continuous colour space values. (The number of digital code values in an integer digital encoding
may be computed as Inax — 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 2™V where N is the bit-depth of the integer digital encoding.

For some a
ranges, but
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pplications, it is useful to define a family of colour space encodings having different digital cede v
based on a single colour space and colour space value range. This enables the use ‘of bit-d
t colour transforms in colour-managed digital imaging systems. Such families of ‘colour sp
an be identified by a single name. When a single name is used to refer to a famjly-of colour sg
the colour space encodings shall differ only by a scale factor.

hteger colour space encodings based on a single colour space and havinga particular colour sg
are preferably specified using quantization equations that support adrange of digital code v
ever, only a particular set of digital code value ranges may be supported in a given application

ode value range is independent of the bit-depth of the digital memory used to store a digital im
b, a digital image represented using a “12-bit” colour space.encoding having a digital code v
to 4 095 may be stored in a 16-bit integer memory buffer. In cases where there is a mism
e bit-depth of the colour space encoding and the bit-depth-of the digital memory, it is important
fion using the digital image data be aware of the true'digital code value range of the colour spg

ating-point digital encoding

pn of a floating-point digital encodingomethod shall include the specification of the relation
e floating-point colour space values and the continuous colour space values.

f valid colour values

pbe certain subsets of-colour values in the colour space encoding that are defined to be invalid
ould not be used-for-representing images stored in the colour space encoding. If any such in
s exist, the coleur-space encoding specification shall identify the set of valid colour values.

alid colour Values can be specified relative to the encoded colour space values or relative to
colour space values. The specification shall clearly identify which type of colour values are useg
et of valid colour values.
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NOTE Exan

hnles of colourvalues-that miaht bhe snecified-to-be invalid would-include-—colourvalues-that correspod
14 ) 1 1

dto

physically unrealizable colours (e.g. colours having negative CIE XYZ tristimulus values or having CIE chromaticity values

outside the s

54

pectrum locus).

Information needed to define a colour image encoding

5.4.1 General

Defining a colour 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 image
viewing environment, and the set of valid colour values in the colour space encoding. Colour image encodings
intended for an output-referred image state shall also define the characteristics of a reference imaging medium.
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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.

For some applications, it is useful to define a family of colour image encodings based on a correspohding family
of colour space encodings that differ only in the digital code value range. This enables the Use [of bit-depth
indgpendent colour transforms in colour-managed digital imaging systems. Such families of colour image
encpdings can be identified according to a single name. When a single name is used tQ refer tg a family of
colqur image encodings, the colour image encodings in the family shall differ only by@.scale fact¢r; all of the
othegr colour image encoding attributes (e.g. image state or reference image viewing-environment) ghall be held
congtant.

For some applications, it is useful to define multiple colour image encodings-that differ only in the cplour space

encpding, but which share a common image state and reference viewing gnvironment, etc. Examplg
sRGB and sYCC. and ROMM RGB and ICC v4 perceptual intent PCSy*In such cases, simple ¢
transformations can be used to convert between the colour imagetencodings. For example, a s
chrgma matrix can be used to convert between sRGB and sYCC.However, if two colour image enc
in inage state and/or reference viewing environment, etc., any-transformation between such c
encpdings should account for those differences.

EXAMPLE To transform from a scene-referred colour image_‘ehcoding to an output-referred colour image
colopr-rendering transformation needs to be applied to map, the scene colour values to appropriate picture g
(Thig$ would be true even in the case where the scene-refefred and output-referred colour image encodings arg
the $ame colour space.)

lications and document file formats that.are designed to work with multiple colour image encodi
re of any differences in image state;.etc., and deal with them accordingly, or should limit thg
King with colour image encodings that have these attributes in common.
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chafacteristics can be definedfor‘a particular colour image encoding so that it is fixed for all images fo be stored
in that colour image encoding. In other cases, it may be desirable to allow this information to|vary on an
imape-by-image basis. dhy'such cases, metadata should be associated with the image data spgcifying the
appfopriate information,

5.4p Colourspace encoding

The] definition of a colour image encoding shall include the specification of a colour space encoding according
to the-guidelines described in 5.3.

5.4.3 Image state

The definition of a colour image encoding shall include the specification of the image state to be associated with
images stored in that colour image encoding. Where possible, the image state should be identified to be a
scene-referred image state, an original-referred image state or an output-referred image state according to the
descriptions given in Clause 4.

Certain colour image encodings (e.g. densitometric colour space encodings intended to be used for scanning
colour negatives) may not fit within one of the standard image states described in Clause 4. If such image data
are to be used in open exchange, all information needed to unambiguously interpret image data in the new
image state shall be defined and thoroughly described, and all applications that are anticipated to use the image
data should be enabled to properly interpret and use image data in the new image state.
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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 colorimetry of an original scene using the
encoding equations for standardized video capture systems. They can also be associated with the colorimetry
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 colorimetry, and a second relating
the colour values to the picture colorimetry.) In such cases, the image state identified for the colour image
encoding shall be consistent with the image colorimetry specified in the colour image encoding definition. (For
example, if the colour values are related to original scene colorimetry, the colour image encoding would be
associated with a scene-referred image state; if the colour values are related to output picture colorimetry, the
colour image encoding would be associated with an output-referred image state.) In cases where defined
relationships may exist between the colour image encoding and image colorimetry in multiple image states, the
colour imagie encoding should be identified with the image state that is most consistent with the fundameéntal
characterisfics of the colour encoding.

5.4.4 Refdrence image viewing environment

5.4.4.1 Gdqneral

In order to
necessary

NOTE It is

properly interpret the colour appearance of images encoded in a colgur image encoding,
o specify a reference image viewing environment in which the imagetis‘intended to be viewed.

ot necessary that the image actually be viewed in the reference image viewing environment. Rather|

reference image viewing environment is intended to provide a context for interpreting/the intended colour appearance d

encoded ima3
different than
to determine
environment
transforms,

ge colorimetry. For cases where the image is to be viewed insan-actual viewing environment signific
the specified reference image viewing environment, it might be desirable to use a colour appearance trans|
corresponding image colorimetry that would produce the intended colour appearance in the actual vie
Depending on the application, it might not always be necessary or desirable to apply such colour appear
ven for cases where the reference and actual viewing environments might be significantly different.

For colour appearance colour spaces, the definition of a-xeference image viewing environment is not reqy

since it is a
be useful td
rendered fo

5.4.42 Im
The definiti
surround rej
Where pos
chromaticity

ccounted for in the determination of the colour values. However, for certain applications, it still
specify a reference image viewing environment in order to communicate that an image has b
[ a certain viewing environment.

hge surround

bn of a colour image enceding shall include the specification of an image surround. The i
fers to the characteristics of the field surrounding the image being viewed, filling the field of vis
Sible, the referengenimage surround should be quantitatively defined by specifying the surrg
and surround luminance. The surround luminance can either be specified in absolute terms, g

some fractipn of the coloUr-space white point luminance or the adapted white point luminance.

In some ap
of light in th

plications.the assumption of a uniform surround field is inappropriate. In these cases the distriby
e surfoudnd region should be carefully described.
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5443 As

sumed adapted white point

The definition of a colour image encoding should include the specification of the CIE chromaticity values and
the luminance value for an assumed adapted white point, the adapted white point being the 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).

If a colour image encoding is intended to be used for representing images where no assumed 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.
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NOTE 1 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).

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 a real image, the actual adapted white point might be different than the assumed adapted white poi

even vary within the image.
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E 4 No assumptions should be made concerning the relation between the assumed adapted.whi
surements of near perfectly reflecting diffusers in a scene or picture, because measurements of-such
end on the illumination and viewing geometry, and other elements in the scene that might affect pérceptiorn
hge conditions for which a near perfectly reflecting diffuser will appear to be grey or coloured.

1.4 Luminance of adapting field

definition of a colour image encoding should include the specification ofthe’/luminance of the ad
quantity can be specified by directly specifying a luminance value (typieally in units of cd/m?). A
uminance of the adapting field can be defined relative to the adapted white point. For many typ
ronments, setting the luminance of the adapting field to be 20 %.6f the luminance of the adapteq
N appropriate default.

E The luminance of the adapting field is used by many colout.appearance models, such as CIECAM97s

1.5 Viewing flare

definition of a colour image encoding shall include the specification of the assumed v

pciated with the reference image viewing environment. The viewing flare should be sp€
entage of the luminance of the colour Space white point luminance or the assumed adapted
nance.

E Viewing flare does not include- any portion of the veiling glare that is accounted for in the meg
imetry (and therefore in the calour space values). If the measurement technique specified in the colour sp
tly simulates the reference image viewing environment, then the viewing flare is identically zero.

b Set of valid caleur values

re may be certain subsets of colour values in the colour space encoding that are defined to bg
efore should' not be used for representing images stored in the colour image encoding. If any
ur values*exist, the colour image encoding specification shall identify the set of valid colour valy

seb of valid colour values can be specified relative to the encoded colour space values or re

e point and
diffusers will
. Itis easy to

apting field.
lternatively,
ical viewing
white point

ewing flare
cified as a
white point

sured image
pce definition

invalid and
such invalid
es.

ative to the

con

inuous colour space values. The specification shall clearly identify which type of colour values

define the set of valid colour values.

are used to

NOTE Examples of colour values that might be specified to be invalid would include colour values that correspond to
physically unrealisable 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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The definition of a colour image encoding for an output-referred image state shall define the characteristics of a
reference imaging medium associated with the specified real or virtual output device.

NOTE 1
encodings.

Measurem
reference i
colorimetrig

NOTE 2 All
conditions.

54.6.2 Re

aging medium. The measurement conditions should be consistent with those specified_for
guantities associated with the colour space.

ference imaging medium white point

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

the
any

colorimetric quantities will therefore include any veiling glare associated with the specified\measurefnent

The definitipn of an output-referred colour image encoding shall include the specification of the CIE chromaticity

values and

NOTE The
or the assum

54.6.3 Re

uminance value for the reference imaging medium white point.

eference imaging medium white point does not necessarily correspond, to either the colour space white
ed adapted white point.

ference imaging medium black point

boint

The definitign of an output-referred colour image encoding shall include the specification of the CIE chromatjicity

values and

54.6.4 Re

The definitipn of an output-referred colour image’encoding shall include the specification of any rendering ta
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It associated with the reference.imaging medium.

g target colour gamut is defined, it should be specified whether the colour gamut represents a
Lch that any colour values outside of that boundary are invalid, or whether the colour gam

to provide guidanee-for any colour-rendering operations that are used to prepare images t
b colour image encading.

target colourigamut may be defined corresponding to the actual colour gamut of a reference dis
Fnatively, awirtual colour gamut may be defined encompassing the colour gamut of one or more
y display:devices.
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Annex A
(informative)

Example system workflows

A.1 General
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lustrate how the image-state-based digital imaging architecture described in Clause 4 can be
ext of many different applications, this annex gives examples of a number of different workflow
puntered in digital photography and graphic technology. These workflows take various-paths
je state diagram that was shown in Figure 1.

Generic workflow for digital photography

re A.1 illustrates a generic workflow for digital photography. The input/image consists of the §
ographed as seen through the optics of a digital still camera. Next, the’image sensor and its
tronics convert the optical image into a digital image representing ¢the device-dependent raw
camera. A camera compensation transformation is then applied‘\to the image in order to deter

flare removal, exposure adjustment and white-balance, .as*well as a sensor characterizatig
ling the raw sensor response to an estimate of the apparent scene colorimetry.

Original scene

used in the
5 commonly
through the

cene being
associated
response of
mine colour

es in a scene-referred colour encoding. This transformation-may include operations such as g¢ark current

n transform

(add text, etc.) COLOUR ENCODING

Scene editing
(re-lighting, ¢tc.)
Camera compensation ( ,
e
1 o | Exposure adjustment | h
Digital | A/D Raw digital | _| SCENE-REFERRED
camera Converter camera captures | White balancing | COLOUR ENCPDDING
. J
| Sensor characterization |
Colour rendering
| Tone mapping |
| Gamut mapping |
| Calour preference |
| |
Display colour Softcopy image
transform
Picture editing OUTPUT-REFERRED

Printer colour
transform

Hardcopy image

Figure A.1 — Generic workflow for digital photography

© 1SO 2004 — Al rights reserved

23


https://standardsiso.com/api/?name=32937731d0faa706ee69ab5fcdc7d86b

ISO 22028-1:2004(E)

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.

At this point, the image data represent an estimate of the original scene colorimetry. However, in some cases, it
may be desirable to modify the scene-referred image data to produce a preferred scene. This could include

operations
exposure/w
algorithm tg
lighting” the
as simulatin
look cleare

Any scene-
the context
include a b
greener) sh
rendering. (
used to pro

Next, a colg
imaging syj
image statsg
differences

dynamic ramge and colour gamut of the output medium, an@applying colour preference adjustments to acc

for colour rg
and irreverg

Additional i
may be mo
image may

Finally, the
device colo

such as removing haze from the captured image, or allowing a user to manually adjust
hite balance. It could also include more complex operations such as using a “dodge-and-b
correct over-exposed regions of a back-lit scene. (This can be viewed as being analogous to
scene.) The scene-editing process could also include applying desired changes to the sCene {
g a “night” scene, making grass greener to make it look healthier, or making the skybluer to mal

editing operations should leave the image in a scene-referred image state, and should be dorn
of the expected colour-rendering transform. For example, typical coloursrendering transforms
post in the chroma of the image. Any boost in colourfulness of the.scene (e.g. making the g
ould be done with the knowledge that there will be an additionalychroma boost during col
Consequently, the colour-rendering transform should be includeddn any image preview path th
ide subjective feedback to a user during the scene-editing precess.

ur-rendering transform is applied. This operation applies.the tone/colour reproduction aims for
tem and changes the state of the image from a scene-referred image state to an output-refe

in the input and output viewing conditions, applying tone and gamut mapping to account fon

production preferences of human observers. (Colour-rendering transforms are typically proprig
ible.)

age-editing operations may be applied to the output-referred image data. For example, the imj
ified using an interactive image-editing application, text or graphics may be added to the image
be cropped/rotated/resized, or.the image may be composited with other images.

image is transformed to“a’device-dependent representation for a specific output device usir
Lr transform, and a finall viewable image is produced on the output device as either a softcop

the
urn”
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uch
ke it

ein
will
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. Colour-rendering transforms accomplish several important purposes including compensating for

the
bunt
tary

age
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hardcopy image. The device-coleur transform relates the colour space values in the output-referred cdlour

encoding tolthe appropriate-device control signals necessary to reproduce the image on that device. The deyice

colour trangform may includé a re-rendering transform to account for any differences between the dynamic

ranges and|colour gamuts'of the reference output device and the actual output device.

The followirjg should be noted.

— In somg waorkflows, the device colour transform may be implemented using ICC profiles for the outiput-
referred ToloUr encoding and e output device.

— In some 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.

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.
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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 processing and the
resulting scene-referred image data stored in a proprietary file format that can only be opened using custom
image acquisition software. The colour-rendering transform may be applied in the image acquisition software,
which may or may not provide opportunity for the customer to adjust the colour-rendering aims. The image
acquisition software may then provide the output-referred image data to a commercial image-editing software in
an extended-gamut colour encoding for further editing. The image-editing software would apply an appropriate
display colour transform to provide a preview image during the image-editing process. Finally, a colour-
managed print path could be used to print the final image. In the other extreme, for a fully-automatic consumer
workflow, all of the colour transforms could be applied in the digital camera's in-camera processing and the

resdlting image could be stored directly in a display-ready colour encoding with no opportunity for user
intefaction or control.
A.3 Generic workflow for digital camera producing display-ready images

Some of the intermediate image representations shown in Figure A.1 may not beexplicitly employ
digital photography workflow. Depending on the particular application, some_(or,all) of the image]
transforms may be concatenated together. In the extreme, a single colour transform operation may
go directly from the raw digital camera capture through to the final outputdevice colour encoding qo that there
are ho intermediate images at all. For example, Figure A.2 shows a workflew that is common in many consumer
digifal photography applications. In this case, the digital camera produces a finished file in an output-referred,
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-processing
be used to

disp
way]
in t
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lay-ready colour encoding (e.g. SRGB). The in-camera processing converts the raw image cap
through to the final display-ready colour encoding. There may or may not be intermediate stoj
e image-processing chain, but if there are they are usually not accessible to the user. Since

copy display without the need for additional colour~transforms (provided that the characteri
Copy display are sufficiently close to those of the standard display assumed for the display-r
bding). A printer colour transform is still required to print hardcopy images, but in most deg
jing applications this colour transform is applied in the printer driver or hardware and is invisible

tures all the
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Figure A.2 — Generic workflow for digital camera producing display-ready images
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The in-camera processing will typically include operations such as exposure adjustment and white-balance, as
well as any camera compensation and colour-rendering necessary to produce an output image 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 can be applied
to the individual RGB colour channels of the linear sensor RGB values. At this point, neutral scene elements will
have approximately equal colour values. Next a sensor characterization matrix can be applied to the linear
sensor RGB colour values to determine approximate scene tristimulus values. (Such a matrix can be
determined for a nominal scene illuminant using methods such as those being developed for ISO 17321-2.) The
scene tristimulus values can next be transformed to the RGB primaries of the softcopy display using a phosphor
matrix associated with the RGB primaries of the softcopy display. (Typically, the sensor characterization matrix
and the ph];‘sphor matrix can be combined into a single matrix operation for implementation purposes.) Nekt, a

simple colopr-rendering transformation can be implemented using a one-dimensional look-up table (LUT) [that
applies a tpne scale function to map the scene radiance values to corresponding desired image\radignce
values. Finally, an appropriate non-linear display transfer function (such as that specified for an sSRGB display)
can be applied to account for the non-linear response of the softcopy display. (The tone scaledunction and the
non-linear 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 Genleric workflow for copy-stand photography

Figure A.3 $shows a workflow diagram for using a digital camera in a copy=stand photography application. While
the workfloy is quite similar to that shown in Figure A.1, there are several key differences. The most impoitant
difference ig that the input image is a piece of original artwork (e.g. aphotograph, a painting or a drawing) rather
than a scepe. As a result, the input image is already in a picture-referred image state, and therefore |it is
inappropriaje to apply a colour-rendering operation. In this casg, the original picture has presumably alrgady
been rendered so that it has the desired colour appearancey(at least under the appropriate original viewing
conditions).| Depending on the characteristics of the inpui¢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 infage
appropriate|for the output medium and viewing conditions.

Original rrtwork

=

—
i A/D Raw digital . ORIGINAL-REFERRED

Digital

car?\e a Converter camera captures Camera compensation COLOUR ENCODING

Colour re-rendering

| Tone mapping |

| Gamut mapping |

Softcopy image

Display colour
transform

OUTPUT-REFERRED
COLOUR ENCODING

Printer colour
transform

Hardcopy image

Figure A.3 — Generic workflow for copy-stand photography
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Since copy-stand photography applications are usually carried out under well-controlled image capture
conditions, the camera compensation transform can often be determined for the actual conditions under which
the camera will be used. As a result, automatic exposure control and white balance operations will typically be
unnecessary, and the accuracy of the camera compensation transform may be significantly higher. However,
unless the digital camera has spectral sensitivities that are linear combinations of CIE colour-matching
functions, the optimal camera compensation transform may be input-media-dependent.

The following should be noted.

— In many cases, the colour re-rendering transform may be close to an identity transform if the input and
output media and viewing conditions are sufficiently similar.

— [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.trangformations,
plthough such steps can be useful to correct defective originals or make desirable imagejenharjcements.

A.§ Generic workflow for scanning hardcopy
Figyre A.4 shows an analogous workflow diagram for an application using a hardcopy scanner(to scan an
origjnal image. This workflow is almost identical to that shown in Figure A.3.for copy-stand photogrgphy, except

that|the digital camera has been replaced by a hardcopy scanner, and the ‘eamera compensation transform has
beeh replaced with a corresponding scanner compensation transform.

Original artwork

P

—_

Hardcopy scanner

Scanner compensation

| Exposure adjustment |

Raw scanner
captures

ORIGINAL-REFERREL
| White balancing | COLOUR ENCODING

| Sensor characterization |

Colour re-rendering

| Tone mapping |

| Gamut mapping |

Display colour Softcopy image ﬂ
( },— transform
OUTPFUT-REFERRED
COLOUR ENCODING
Printer colour
transform Hardcopy image

Figure A.4 — Generic workflow for scanning hardcopy

It should be noted that the accuracy of the scanner compensation transformation will be a function of the
scanner spectral sensitivities and the input media characteristics, as well as the accuracy and robustness of the
modelling technique used to determine the scanner compensation transformation. Consequently, the accuracy
of the original-referred image data will also depend on these same factors. The accuracy requirements for the
original-referred image data will be application-dependent.
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A transparency scanner workflow would be very similar to the hardcopy scanner workflow, except that the
colour re-rendering transform would typically need to make more significant changes since the dynamic range
and intended viewing conditions for transparency materials are typically quite different than that of most other
types of output media.

A.6 Generic workflow for hardcopy scanners producing display-ready images

Depending on the application, other workflows may also be appropriate for use with hardcopy 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 encodin .0. SRGB). The in-
scanner prgcessing converts the raw scanner captures all the way through to the final display-ready icdlour
encoding. The in-camera processing will typically include any required scanner compensation and celouf re-
rendering operations to produce an output image with the desired colour appearance when the image'is vieied
on the reference display. (The in-scanner processing may be applied in the scanner itself, or in aeccompanying
host softwafe.). Since images produced by the scanner are in a display-ready colour encoding, they can be
displayed djrectly on a softcopy display without the need for additional colour transforms~(provided thaf the
characterisfics of the softcopy display are sufficiently close to those of the standard djsplay assumed for| the
display-reagly colour encoding). A printer colour transform is still required to print hardcopy images, but in most
desktop didital imaging applications, this colour transform is applied in the printer_driver or hardware arld is
invisible to the user.

Orjginal artwork

P

—t

Harflcopy scanner

Raw scanner
captures

In-scanner processing

| Scanner cempensation |

| Colaurre-rendering |

/

OUTPUT-REFERRED
CRT-READY COLOUR
ENCODING

Softcopy image

Printer colour
transform

Hardcopy image

Figure A.5 — Generic workflow for hardcopy scanners producing display-ready images

A.7 Generic workflow for scanning colour negatives

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

— the first going through a scene-referred image state;

— the second going directly to an output-referred image state.
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Due to the extremely wide dynamic range of colour negative film, it represents an excellent means for capturing
scene-referred image data. To back out the characteristics of the film and scanner, a film unrendering transform
is needed to infer the original scene colours from the film scan. In addition to compensating for the colour and
tone reproduction characteristics of the film, it is usually necessary to account for the optical flare in the film
camera and the colour response of the scanner. Also, it is usually necessary to apply a colour/density balancing
step to account for the fact that colour negatives are typically captured over a wide range of exposure levels and
using a wide variety of illuminants. It should be noted that the workflow diagram shows scanner compensation,
colour/density balancing and film compensation as being components of the film unrendering transform.
However, they could also be implemented as a series of individual transforms.

a) a howin-iA are-A-6—-tha-film a ad

d-workflow-she g 6 63 used-to-directiy{o edimage data.
film rendering transform is needed to determine the desired picture colorimetry ffom the film

In this case,
scap. Typically, such transforms include a print model to mimic the response of photographic papger exposed
usirlg a conventional photographic enlarger. As with the film unrendering path, it is also.necessary to apply
scahner compensation, and colour/density balancing operations.
Colour negative
Scene edifing
(re-lighting,|etc.)
Film unrendering ( )
Colour | Scanner compensation |
- Raw scanner SCENE-REFERRED
negative capty | Color/dehsity balancing | COLOUR ENCODING
scanner
| Film compensation |
Film rendering Colour rendering
| Scanner compensation I | Tone mapping |
| Color/density balancing | | Gamut mapping |
| Print model | | Colour preference |
Display colour Softcopy image E
transform
Picture editing OUTPUT-REFERRED
(add texty etc.) COLOUR ENCODING
Printer colour
transform Hardcopy image m

Figure A.6 — Generic workflow for scanning colour negatives.

The following should be noted.

— The film unrendering workflow maintains the greatest amount of flexibility for repurposing and editing the
image data. However, it also requires a more careful characterization of the film response in order to create
the film unrendering transform.

— For cases where it is a requirement to match conventional photographic prints, the film rendering path will
generally be a more straightforward solution.
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A.8 Generic workflow for video imaging systems

Figure A.7 shows a workflow diagram for video imaging systems. While, in many ways, video imaging systems
are closely related to the digital camera systems shown in Figures A.1 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,
actually video camera standards, and as such specify the relationship between the colour of a scene and
colour encoding that video cameras should produce. Therefore, according to the guidelines presented in

are
the
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 dis

play

on a standard television, it could also be argued that they are “output-referred” colour encodings as well. This

has led soine to suggest that the distinction between scene-referred images and output-referred image
artificial (arjd perhaps unnecessary), and additionally that the image-state-based digital imaging architec
does not adequately represent some important classes of imaging systems.

However, it|is important to remember that while most colour encodings are intended to beused to end
images in a|particular image state, it is not the colour encoding itself that is in a particular image-state, but ra
the colorimetry that the colour encoding is representing. As was discussed in 5.4.3, it ispassible to specify
relationship|between a colour encoding and the image colorimetry of the image in multipleimage states. Th
effectively the situation in video imaging systems. The relationship between the video RGB values and
original scgne colorimetry is specified by video camera standards, such as Rec”ITU-R BT.709, while
relationship| between the video RGB values and the resulting display colorimetry is specified by the ca
response dharacteristics of a typical display. (Display colour response‘characteristics are largely

standardized. However, the sRGB colour-encoding standard, IEC 61966,2~1/is intended to be representatiy
the responge of a typical computer-controlled CRT.) Therefore, it .canh be argued that video RGB cd
encodings are both scene-referred and output-referred.
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Figure A.7 — Generic workflow for video imaging systems.
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However, even if it is accepted that video RGB colour encodings can be both scene-referred and output-
referred, there is another point of potential confusion that frequently arises. Since the same colour 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 colorimetry and the display
colorimetry. This is because the video camera encoding characteristics (specifying the relationship between the
video RGB values and the scene colorimetry) are generally not the inverse of the display characteristics
(specifying the relationship between the video RGB values and the display picture colorimetry).
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sider the workflow diagram shown in Figure A.7. A video camera is used to capture an image.0
ne. Generally some type of video camera compensation step is used to process the raw\Vi
Sor signals, accounting for the spectral response of the particular sensors, and performing-ope
bxposure compensation and white balance. The result of these operations is an estimate of
rimetry.

rimetry for the original scene. For example, the estimated “scene” colorimetry/may be relative t
pted white point than that of the actual scene. Additionally, there may- be inaccuracies in th
he colorimetry due to factors such as uncorrected optical blurring and flare, noise, and colour an
to capture device metamerism.

scene colorimetry is then transformed to a standard video’ RGB colour encoding acco
Fopriate colour-encoding standard such as Rec. ITU-R BT.709. This transformation generally

0 systems may include additional tone mapping to smoothly compress the highlight informatior
hly clipping the colour values.

pensation and video camera encoding steps. In fact, any particular operation in the image-proce
achieve elements of both steps. For 'example, a single “colour correction matrix” may
pensate for the sensor spectral response and convert to the appropriate set of RGB colour spac

e the resulting “scene-referred” video camera RGB colour values are designed to be ready for|
display, “output-referred” display RGB colour values are conceptually determined by applying
sform. However, as discussed' earlier, even though an identity transform is used to convert &

sform. Indeed, since the television display characteristics are generally not designed to be the in
0 camera encoding~characteristics, the resulting television picture colorimetry will not be g
nal scene coloyintetry. For example, combining the nonlinear encoding function associated wj
R BT.709 video\camera standard, together with a typical nonlinear display transfer function (s
Cified for an>sRGB display) results in an effective colour-rendering transform with an over
nance aiid chrominance contrast similar to that produced by most other conventional imaging sy
pbre detailed discussion, see Reference [13].)

pefore, it can be seen that while it is not possible to point to a particular “colour-rendering step”
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imaging chain, this does not change the fact that colour-rendering is still occurring. It is the co-optimized design
of the video camera encoding and the television display characteristics that produces the desired colour-
rendering characteristics. Effectively, this spreads the responsibility for colour-rendering across two
components of the imaging system. However, in practice, it is the video camera processing that bears the brunt
of the rendering duties. While the theory would dictate that the video RGB colour values produced by a video
camera have a defined relationship to the colorimetry of the scene, in reality, the fundamental responsibility of
the video camera is to produce a pleasing result when the image is displayed on a typical television. As a result,
high quality video cameras will often deviate from the theoretical encoding relationship to incorporate many of
the desirable characteristics of typical colour-rendering transforms, such as smooth highlight compression.

Therefore, while it can be justified to label video RGB as both a scene-referred colour encoding and an output-
referred colour encoding, in practice 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

© 1SO 2004 — All rights reserved 31


https://standardsiso.com/api/?name=32937731d0faa706ee69ab5fcdc7d86b

ISO 22028-1:2004(E)

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 colorimetry that the colour encoding is representing. Therefore, while some colour
encodings, such as video RGB, can be linked to multiple image states, the image colorimetry 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. To
enable a comparison of these colour encodings, Tables B.1 to B.5 summarize the characteristics of each colour
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— [The specifications for these colour encodings vary in their degree of (Gompleteness rela

following should be noted.

(uantity in the table was derived.

requirements set forth in this part of 1SO 22028 for defining an unambiguous colour imag
Therefore, in the terminology of this document, some of these colour~encodings should be ¢
colour image encodings and others as colour space encodings.

n some cases where a particular characteristic was not explicitly specified, an appropriate value could be
nferred from other information that was provided. In such cases, a footnote is inclddéd to indicate how the
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e encoding.

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

Attribute sRGB sYCC bg-sRGB
L IEC 61966-2-1, Amendment 1
Standard IEC 61966-2-1 IEC 61966-2-1, Amendment 1 (similar (similar to e-sRB in

to sSRGB YCC in PIMA 7667:2001)

PIMA 7667:2001)

Colour spac

e characteristics

Colour space

type

Colorimetric: RGB colour space

Colorimetric: Luma-chroma colour
space

Colorimetric: RGB colour
space

Colour gamut

Video display-based

Extended

R:x =0,6400,y = 0,330 0

RGB primarie|

1z

Gl = 10,5000,y =0,0000
B: 2 = 0,150 0, y = 0,060 0
(from ITU-R BT.709-3)

Colour compd
function

nent transfer

C=1292xC
for C' < 0,003 130 8

C = 1,055 x C*/24 — 0,055
for C' > 0,003 130 8

C = —1,055 x (— C)1/24 4 0,055;
C =12,92 x C,
C = 1,055 x C/24 _ 0,055,

(extended from~sRGB)

for C' < —0/003130 8
for |C|X0/003 130 8
for O > 0,003 130 8

Y = 0,299 0R’
4-0,587G’ 4+ 0,114 0B’

Cr = 0,500 0R’ — 0,418 7G*

Luma-chromg matrix N/A —0,081 3B’ N/A
Cgs = —0,168 7R’ —0)3381 2G’
40,500 0B’
(from ITU*R'BT601-5)

ICol(_)ur space|white point 80 cd/m3
uminance
Colour space|white point . .
chromaticity T =(0,312 7, y = 0,329 0 (Dss)

Colour space encoding characteristics
Colour spacefvalue range Linear RGB: 0,0 to 1,0 Linear Y:0,0t0 1,0 Linear RGB: —0,53 to 1,68

Digital code v

plue range

0 to 255 (8-bit) provided.as an example others allowed with WDC
=2"™ —landKDC=0

0 to 1 023 (10-bit)
(12-bit and 16-bit versiong also
given in PIMA 767:2001)

Coleur image encoding characteristics

Image state

Output-feferred (CRT)

Output-referred (hypothetical extended
gamut CRT)

Output-referred (hypothetical
extended gamut CRT]

“Background” —20 % of display white point luminance level (16 cd/m?)

Image surround “Surround” —20 % reflectance of ambient luminance level (4,1 cd/m?)
Adapted wtyt  point Unspecified P

luminance

Adapted whit¢ point

chromaticity §

Unspecified b

Luminance of]

adapting\field

Unspecified b

Viewing flare

typical viewing

6,9 % of colour space white point luminance ©

conditions)

Valid relative luminance

range (excluding viewing flare 0,0t0 1,0
and veiling glare)

Reference medium white 80 cd/m?

point luminan

ce

Reference me

dium white

point chromaticity

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

Reference me
point luminan

dium black
ce

1,0 cd/m? @

Reference me

dium black

point chromaticity

x =0,3127,y = 0,329 0 (Dgs) ¢
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Table B.1 — Characteristics of SRGB, sYCC and bg-sRGB colour encodings (Continued)

would judge to be neutral and have a luminance factor of unity; i.e. would be perceived to be a perfect white diffuser. Note

proprietary colour-rendering. It will frequently be undesirable to map the scene adapted white point directly to the image adap

to the assumed adapted white point.

80 cd/m?.

4 THis reference medium black point corresponds to the black point of a typical CRT display in the SRGB reference-viewing

specffied in IEC 61966-2-1, and is called the viewer observed black point in PIMA 7667. See Annex D of PIMA 7667 for mor

2 The image adapted white point is the stimulus that an observer who is adapted to the viewing environment, where the image is viewed,

that the image

adapted white will not always correspond to actual measurements of a perfect reflecting diffuser in the image viewing environment. Also
note that the mapping of the adapted white for a scene to particular colorimetric values in an output-referred image is a part of the

ted white point.

b The sRGB, sYCC, and bg-sRGB colour encodings do not explicitly identify an adapted white point. It can probably be inferred that the
adapted white point chromaticity would be equal to that of the media white point, although the adapted white point luminance is open to
interpretation. The adapted white point would be influenced by the media white point and the standard viewing conditions, and additionally
by other factors such as the image presentation. Likewise, the luminance of the adapting field is also not specified, but will be closely linked

¢ THiS value was determined by dviding the speciied velling glare of 5,5 cd/m: by the speciied encoding white pom} luminance of

onditions (with

a D¢ chromaticity to maintain the neutral axis), as measured using a tele-spectral-radiometer from the observer position. This value is not

E information.
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Table B.2 — Characteristics of scRGB, scRGB-nl and sYCC-nl colour encodings

Attribute sRGB | scRGB-nl | scYCC-nl
Standard IEC 61966-2-2
Colour space characteristics
Colour space type Colorimetric: RGB colour space Colorimetric: Luma-chroma colour

space

Colour gamut

Extended

RGB primarie

S

R:z = 10,6400,y = 0,3300
G:x = 0,3000, y = 0,600 0

L. 4 — U, 10U VU, [ — U,UDUU

(from ITU-R BT.709-3)

Colour comp

nent transfer function

C = —1,055 x (—C)¥/24 +0,055; for C < —0,008,130 8

C =1292x C, for |C] < 0,003-130 8

C = 1,055 x C/24 — 0,055, for C' >.0,003 130 8
(extended from sRGB)

Linear

Luma-chroms

matrix

Y = 02990R’
+0,587 0G’ + 0,114 0OH
€r= 0,500 0R’ — 0,418 7G
—0,081 3B’
Cg = —0,168 7R’ — 0,331 2
+0,500 0B’
(from ITU-R BT601-5)

N/A

Colour space

white point luminance

Absolute white point.luminance values are scene-dependent

Colour space

white point chromaticity

z =03127, y = 0,329 0 (Dgs) @

Colour space encoding characteristics

Colour space]value range Linear RGB: Linear RGB: Linear Y
—0,5t07,499 9 —0,603 8to0 7,591 3 —603 810 7,591 3

Digital code alue range 0 to-65 535 (16-bit) 0 to 4 095 (12-bit)
Colour imagé.encoding characteristics

Image state Scene-referred

Image surroupd Unspecified

Adapted whit

P point luminance

Unspecified P

Adapted whit

P point chromaticity

Unspecified b

Luminance of

adapting field

Unspecified b

Viewing flare N/A
Valid relative Juminance range 0,0t07,4999°¢ 0,0t07,5913°¢
Reference mddium white pain{ [uminance N/A
Reference mddium whit€ point
o N/A
chromaticity
Reference mgdium black point luminance N/A
Reference mddium black point /A

chromaticity

a8 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 Degs.

b

The scRGB, scRGB-nl, and scYCC-nl colour encodings do not explicitly identify an adapted white point, because the adapted white

point can vary within a scene, and methods for the determination of the adapted white point are proprietary. Ideally, the adapted white point
would be equal to the colour space white point. In practice, the adapted white point results from the camera white balance and exposure
settings, and is open to interpretation. Likewise, the luminance of the adapting field is also not specified, but will be closely linked to the
assumed adapted white point.

¢ The scRGB, scRGB-nl, and scYCC-nl colour encoding specifications provide for the encoding of negative RGB values. However, since
colours with negative luminance values are physically impossible, such colour values will not occur in scenes and therefore should not be
used in practice, so the valid luminance range would be limited between 0,0 and the top of the corresponding encoding range.
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ISO 22028-1:2004(E)

Table B.3 — Characteristics of ROMM RGB, RIMM RGB and ERIMM RGB colour encodings

Attribute ROMM RGB RIMM RGB | ERIMM RGB
Standard ANSI/I3A IT10.7666 ANSI/I3A IT10.7466
Colour space characteristics
Colour space type Colorimetric: RGB colour space
Colour gamut Extended
R:x =0,7347,y = 0,265 3
RGB primaries G:xz =0,1596,y = 0,840 4
B: z = 0,036 6, y = 0,000 1
C=16xC C = (45 x C) /1,402 C = 29,048 %% C
for C' < 0,001 953 for C' < 0,018 for C.X 0,002 718 28
fcu‘;'gt‘:grfompo”em transfer | _ c1/18 C = (1,099 x C°% — 0,099)/1,402 |C' = (idgioC 4 3) /5.5
for C' > 0,001 953 for C' > 0,018 for C' > Q,002 718 28
(from ITU-R BT.709-3)
Lump-chroma matrix N/A
E?;?f;nscpeace white point 142 cdim? @ 15-000 cd/m?
Sﬁr'g;rafizi‘;e white point & = 0,345 7, y = 0,358'5(Dso)
Colour space encoding characteristics
Coldur space value range Linear RGB: 0,0 to 1,0 | LinearRGB: 0,0 to 2,0 Linear RGB: 9,0 to 312,2
Digifal code value range 0 to 255 (8-bit); O to 4 095 (12-bit): 010 65 535 (16-bit) g o gsosggs(%f;’;)t;)
Colour image encodin@ characteristics
Imade state Output-referred (print) | Scene-referred
Imagde surround “Average” —20 % of the adapted white point
Q‘fﬁ‘i faer‘]jc"gh”e point 160 cd/m? 15 000 cd/m?
?ﬁr"’(‘mﬁig"i’gte point & = 0,345 7,y = 0,358 5 (Dso)
Lumfnance of adapting field Not expli_citly s_pecifie_d, but a default level of 2_0 %
of the adapted white point luminance can be assumed in most cases
Viewling flare 0,75 % of ‘adapted white point N/A
Valid relative luminance
rangle (excluding viewing flare 0,0t0 1,0 0,0to 2,0 0,0 to $16,2
and yeiling glare)
Egrﬁti';‘;gnr?;?c':i;“ white | 03457,y = 0,358 0 (Dso) N/A
poin tartngnee 05 ot/ ° NiA
Refgrence medium black = 0.3457 4= 0,358 5(Dag) A

poin

t chromaticity

2 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 black point.

© 1SO 2004 — Al rights reserved
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