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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor—tts—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
diffefrent types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
expressions related to conformity assessment, as well ‘as’information about I1SO's adherence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Cominittee ISO/TC 130, Graphic technology, in |cooperation
with|the International Color Consortium (ICG).

Any feedback or questions on this documrent should be directed to the user’s national standpards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

0 General

This document defines specifications that provide a platform for defining extended (iccMAX) colour
management profiles and systems for various colour workflow domains. It can be thought of as
an extension to ISO 15076-1, defined by the International Color Consortium® (ICC). ISO 15076-1
specifies a profile format that is intended to provide a cross-platform profile format for the creation
and interpretation of colour data. Central to ISO 15076-1 is the encoding of colour transforms between
device colour encodings and profile connection spaces (PCSs) based upon D50 colorimetry with the
CIE 1931 Standard—2-degree—ebserver—tor—many—workflows1560—35076-1+has—preven—adeqgtate for
defining sudcessful colour management systems. For other workflows ISO 15076-1 has been found to
be limited in the flexibility of encoding colour transforms as well as defining means of profile cplour
connection that incorporate physical attributes of colour in addition to mere colour appearance.

The intent ¢f this document is to provide a platform on which domain-specific specifications cgn be
defined thaf make use of these extensions to the existing cross-platform profile forimat of ISO 15076-1.
Thus, there|is greater flexibility for defining colour transforms and PCSs to nieet needs that cgnnot
easily be m¢t with ISO 15076-1. As such, it is not envisioned that all colour niahagement systemg that
use this doqument will implement all the features or capabilities specified:by this document. Spgcific
requirements related to what is necessary to be implemented and suppgrted relative to this document
can be founld in workflow domain specifications. Additionally, for some domain-specific workflows
it is envisigned that there will be the need for simultaneous support for and interaction between
ISO 15076-1f and profiles defined by this document.

It is assumé€d that the reader of this document has a good understanding of ISO 15076-1 as wel] as a
good understanding of colour science and imaging, such as familiarity with CIE, ISO and IEC cplour
standards, general knowledge of device measurement¢and characterization, and familiarity with at
least one opgrating system level colour management system.

The following subclauses introduce a few of the more significant differences from ISO 15076-1.
0.1 Extende¢d profile connection spaces
0.1.1ISO 13076-1 PCS encoding

In ISO 15076-1 PCS transform results.are encoded relative to D50 with a 2-degree observer. If and ywhen
ISO 15076-1-based profiles are-used in conjunction with this document, the PCS encoding specified in
ISO 15076-1] are used with necessary conversions as needed.

0.1.2 Extenfded PCS encoding

PCS encoding is exténded to allow PCS transform results to be relative to arbitrary illuminant§ and
observers. Rrofile ‘€onnection conditions (PCC) provided by either a profile or directly to the cplour
managemerft module (CMM) can be applied to convert between different illuminants and obserjvers.
Additionally, @profile can define use of a spectrally-based PCS independent of the colorimetric-Hased
PCS usage, with separate transform data between device encoding and the colorimetry and spectral
PCS encodings.

0.2 Extended transform encoding
0.2.1 IS0 15076-1 transform encoding

ISO 15076-1 defines transforms using integer encoding in AToBx and BToAx tags. Floating point
transform encoding can additionally be specified in optional DToBx and BToDx tags using multi-
processing element tags.

Integer-based LUT tags have specific requirements for transform data and order.
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The multi-processing element tag type allows a sequence of transform elements to be applied in order
to transform between device encoding and PCS encoding. The processing elements consist of matrices,
one-dimensional curve sets and n-dimensional lookup tables.

0.2.2 iccMAX extended transform encoding

Spectrally-based PCS transforms are encoded using DToBx/BToDx tags when a spectral PCS is used.
Colorimetric-based PCS transforms are encoded in matrix/TRC based profiles or AToBx/BToAx tags.
Additionally, AToBx/BToAx tag transforms can be encoded using the multi-processing element tag type.

The multi-processing element tag type is extended to provide greater flexibility as well as encoding
brevity_in dpfining transforms_ Extended elements include a stack-hased prngrqmmahln transform
calcylator, single-segment curves, N-D lookup tables with integer encoding, colour appearance model
(CAM) conversions, sparse matrix processing and tint arrays.

Mult}-processing element-based tags are used to define PCC within a profile. The EMM applies these
tags ps needed to perform PCS conversions.

0.2.3 Late-binding processing elements

The multi-processing element tag type has been extended to allow-for processing elgments that
provjde late-binding of the observer and/or illuminant from the PCC utilized by the profile. Either
specfral information inside select processing elements is cofiverted to colorimetric data shortly
before processing of colour transforms is to be performed, oryspectral to colorimetric trapsforms are
established for processing of colour transformations. This late-binding of spectral to folorimetric
processing is based on the PCC utilized by the multi-processing element. The media-white point and
illunjinant colorimetry used for absolute/relative PCS;processing is also adjusted basgd upon the
combined profile/PCC relationships when late-binding processing elements are used.

0.3 (olour encoding space profiles
0.3.1 General

In ISP 15076-1, profiles define transfornis that go from device to PCS. However, in some workflows the
esseltial requirement is a method of'defining what the data are rather than providing a trgnsform that
convgrts the data into a representation of colour.

0.3.2 Colour space encoding

This|document establishes-a ColorEncodingSpace profile class to define profiles that can be¢ used when
the dontent owner wishes to identify the colour encoding of digital colour content and doeg not wish to
provjde a colour transformation to be used in converting or adapting the digital colour contpnt from the
identified currentcolour space encoding to any other colour space encoding.

0.4 Multiplex'connection space profiles

0.4.1 Géneral

Generally, the data encoding sides of profile transforms are not used to connect profiles using
ISO 15076-1. Connection of data encoding channels is only meaningful when the number, order and
encoding of the data encoding channels are identical. However, in some workflows, flexibility in the
number and order of the channels is desirable with a meaningful way of identifying the encoding of the
channels.

0.4.2 Multiplex connection space encoding

This document defines an additional profile connection mechanism that allows multiplex connection
space (MCS) channels to be connected. MCS connection provides a means of defining flexible
connection between “device like” channels of profiles that are identified by name. Order and existence
of channels is flexible with the ability for a profile to specify subset requirements on the MCS channels
in the connected profile and default values specified for missing channels. The input profile class

© 1S0 2019 - All rights reserved Xi


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

IS0 20677:2019(E)

has been extended to have an optional tag that connects to an MCS. Additionally, MultiplexLink and

MultiplexVi

sualization profile classes have been defined for MCS processing.

0.5 Bidirectional reflection distribution function (BRDF) and directional emission profiles

0.5.1 General

ISO 15076-1 assumes 0:45 measurement geometry for reflection prints and diffuse radiance of displays.
However, in many conditions colour appearance can change due to changes in lighting or viewing angle.
Such goniochromatic effects cannot be encoded or communicated using ISO 15076-1.

0.5.2 Bidirectional reflection distribution function encoding

This documlent provides the ability to encode bidirectional reflection distribution function\(B
information} as well as example surface information, that 3D rendering systems can use-te)emplate
tic effects. In this case the BRDF information is provided directly to the’8D"rendering
system witHout extensive colour management system involvement. Additionally, BRDF-informatio

goniochro

be used to

0.5.3 Direc

fine and communicate goniochromatic properties of named colours.

fional emission function encoding

This documgnt provides the ability to encode directional emission informdtion which can be us

define and (
on a displayj

0.6 Render

In ISO 15074
colorimetry;
colorimetry;

and ICC-abs

Xii

ng intents

blute intents which apply to both colorimetric as well as spectral conditions.

RDF)

1 cCan

bd to

ommunicate goniochromatic properties of colours by viewing angle and relative podition

b-1 four rendering intents are defined: perceptual,\media-relative colorimetry, ICC-absplute
and saturation. For the purposes of supporting'spectrally-based PCSs, the media-relative
and ICC-absolute colorimetry intents are, réferred to in this document as media-relative
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Image technology colour management — Extensions to
architecture, profile format and data structure

1

Scope

This document is based on ISO 15076-1, and describes an expanded profile specification and profile
J— . e . . +

requjrements in ISO 15076-1 are therefore in force unless otherwise specified by pthis
This|document defines minimum structural and operational requirements for writing

ICC

inter]

profiles. Additional workflow requirements and restrictions are defined, ‘in” donj

In thlis document, some ISO 15076-1 types have been removed, and others  have been add|
management module (CMM) compatible with profiles conforming to this do¢ument will have
compatibility with profiles conforming to ISO 15076-1.

Where the name of a type in this document is the same as a type’inISO 15076-1, the type

base

expanded.

Where the extensions described in this document are not required in a particular workflow,
is used as the basis for colour management profiles and@rchitectures.

2
The

Normative references

following documents are referred to ifr the text in such a way that some or all of t

consfitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of'the referenced document (including any amendme

ISO

15076-1, Image technology celour management — Architecture, profile format and data

Part|l: Based on ICC.1:2010

ISO

3

3.1

17972-1, Graphic techhology — Colour data exchange format — Part 1: Relationship to CX|

L

[erms, definitions and abbreviated terms

Terms.and definitions

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

nitions and
5 document.
hnd reading
lain-specific

operability conformance specification (ICS) documents approved and registered by the ICC.

ed. A colour
b backwards

definition is

d on the ISO 15076-1 definition. The exception is the defifiition of the MPE type, which has been

[SO 15076-1

heir content
applies. For
hts) applies.

structure —

F3 (CxF/X)

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

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

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

311
profile connection conditions

PCC

information used to define illuminant, observer for PCS along with transforms to convert to and from
custom colorimetry and standard D50 colorimetry for the standard 2° observer
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3.1.2

profile connection space

PCS

colour space used to connect the source and destination profiles

Note 1 to entry: See ISO 15076-1:2010, Annex D for a full description.

3.2 Abbreviated terms

ANSI
BRDF
CAM
CIE
CLUT
CMM
CMY
CMYK
CRD
CRT
EPS
ICC
ICS
IEC
ISO
LCD
LUT
MCS
pcC
PCS
RGB
TIFF

TRC

American National Standards Institute

bidirectional reflectance distribution function

colour appearance model

Commission Internationale de l'eclairage (International Commission on Illumination)

colour lookup table (multi-dimensional)
colour management module

cyan, magenta, yellow

cyan, magenta, yellow, key (black)

colour rendering dictionary

cathode-ray tube

encapsulated postscript

International Color Consortium
interoperability conformance specification
International Electrotechnical Commission
International Organization for Standardization
liquid crystal display

lookup table

multiplexjconnection space

profile connection conditions

profite conmectiom space
red, green, blue
tagged image file format

tone reproduction curve
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4 Extended basic types

4.1 General

This document assumes the inclusion of all basic types listed in ISO 15076-1, with the exception of 7-bit
ASCII. Only extended types in this document are listed below.

4.2 Extended basic type listing

4.2.1 azimuthNumber

An azimuthNumber corresponds to an azimuth angle for BRDF and directional transforniatlions. It shall
be ernjcoded as a floating point number that is provided as input to a multiProcessElementType in any of
the BRDF function tags (brdfAToB0Tag, brdfAToB1Tag, brdfAToB2Tag, brdfAToB3Tag, brdfBToA0Tag,
brdfBToA1Tag, brdfBToA2Tag, brdfBToA3Tag, brdfBToD0Tag, brdfBToD1Tag, brdfBToD2Tag,
brdfBToD3Tag, brdfDToB0Tag, brdfDToB1Tag, brdfDToB2Tag, brdfDToB3Tag,” directional AToBOTag,
direqtionalAToB1Tag, directionalAToB2Tag, directionalAToB3Tag, directionalBToAOTag,
diregtionalBToA1Tag, directionalBToA2Tag, directionalBToA3Tag, directionalBToDOTag,
direqtionalBToD1Tag, directionalBToD2Tag, directionalBTeD3Tag, directionalDToB0Tag,
direqtionalDToB1Tag, directionalDToB2Tag, directionalDToB3Tag).

The pzimuthNumber encoding range shall be from 0,0 to 10;with 0,0 representing -1§0,0 degrees
and 1,0 representing +180,0 degrees. Figure 1 shows the azimuth angle in relation to the/normal and
zenith angles.

a
A
b
- / 90°
+180°
— \
0
@/ 4
-90° 0°
Key
a  durface normal
b  lighting/viewer
c  zenith angle
d azimuth angle

Figure 1 — Normal, zenith and azimuth angles

4.2.2 float16Number

A floatl16Number shall be a half-precision 16-bit floating-point number as specified in IEEE 754,
excluding infinities and “not a number” (NaN) values.

NOTE1 A 16-bitIEEE 754 floating-point number has a 5-bit exponent and a 10-bit mantissa.
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of CMM computations.

4.2.3 floa

t64Number

Although infinities and NaN values are not stored in the ICC profile, such values can occur as a result

A float64Number shall be a double-precision 64-bit floating-point number as specified in IEEE 754,

excluding in
NOTE1 A

NOTE 2
of CMM comp

finities, and “not a number” (NaN) values.

64-bit IEEE 754 floating-point number has an 11-bit exponent and a 52-bit mantissa.

utations

Although infinities and NaN values are not stored in the ICC profile, such values can occur as a result

4.2.4 hor

A horizont

directional [transformations. It shall be encoded as a floating point number thatlis providg
input to a multiProcessElementType in any of the directional function tags (difectionalAToB
directionalAToB1Tag, directionalAToB2Tag, directionalAToB3Tag, directionalBToA
directionalBToA1Tag, directionalBToA2Tag, directionalBToA3Tag, directionalBToD
directionalBToD1Tag, directionalBToD2Tag, directionalBToD3Tag; directionalDToB
directionallpToB1Tag, directionalDToB2Tag, directionalDToB3Tag).

The horizon
position, 0,0

4.2.5 Spa

4.2.5.1 Gd

Sparse matr
of column ¥
encoded as

data block s

In addition 1
compressed,
values, a pa
stored in th

Successive d
The numbel
offset of the

jzontalNumber

h|Number corresponds to the horizontal relative position of a viewing field

talNumber encoding range shall be from -1,0 to 1,0 with"-1,0 representing the left]
representing the center and 1,0 representing the rightmost position.

rse matrix encodings

tneral

ices shall be encoded using compressed-row order, which facilitates efficient multiplic
ectors as well as the interpolatiofi;between sparse matrices. A sparse matrix shg
h variable structure with internéal padding within a fixed size data block. The use of a
ze allows for the efficient indexing of arrays of sparse matrices.

o encoding the number of.rows, number of columns and number of matrix data entrie
row order encoding shall include three sub-arrays: a padded array of matrix entry
dded array of matrix-entry column identifiers, and an array of offsets to successive
e matrix data and column index arrays.

ffset valuesdnthe row start offset array shall be greater than or equal to preceding vz
of matrix\data entries associated with a row can therefore be found by subtractin
row by the offset of the succeeding row.

Successive
increasing.

atrix entry column index values associated with any single row shall be monoton

for
d as
DTag,
DTag,
DTag,
DTag,

most

htion
11 be
fixed

5, the
data
rOWS

lues.
o the

cally

Information

about operations with sparse matrices can be found in Annex E.

Multiple sparse matrix encodings are permitted, but shall differ in the encoding of the matrix entry
data values as follows:

The internal representation of the values 0 to 255 shall represent matrix values 0,0 to 1,0.

The internal representation of the values 0 to 65 535 shall represent matrix values 0,0 to 1,0.

The sparseMatrixUInt8 encoding shall use ulnt8Numbers to encode matrix data values (Table 1).

The sparseMatrixUInt16 encoding shall use ulnt16Numbers to encode matrix data values (Table 2).

The sparseMatrixFloat16 encoding shall use float16Numbers to encode matrix values (Table 3).

The sparseMatrixFloat32 encoding shall use float32Numbers to encode matrix values (Table 4).
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Table 1 — sparseMatrixUInt8 encoding

Byte position Field Content Encoded as...
length
(bytes)
0..1 2 Rows (R) ulntl6Number
2.3 2 Columns (C) ulntl6Number
4..3+R*2 R*2 Row start offset array ulnt16Number[R]
4+R*2...5+R*2 2 Number of matrix entries (N) ulntl6Number
6+R*2..5+R*2 + N*2 N*2 Matrix entry column index array ulntl6Number[N]
6+RY2+N*2...0-1 Index padding, shall be 0
0...0fN-1 N Matrix entry data array ulnt8Number[N]
O+N|..end Data padding, shall be 0
Table 2 — sparseMatrixUInt16 encoding
Byte position Field Content Encoded as...
length
(bytes)
0..1 2 Rows (R) ulnt16Number
2.3 2 Columns(C) uInt16Nu|mber
4..3+R*2 R*2 Row start offset array. uInt16Nu|mber[R]
4+R42...5+R*2 2 Number matrix eptries (N) uInt16Nu|mber
6+RY2...5+R*2 + N*2 N*2 Matrix entry column indices uInt16Nu|mber[N]
6+R12+N*2...0-1 Index padding, shall be 0
0...0FN*2-1 N*2 Matrix entry data values ulnt16Number[N]
O+Nft2...end Data padding, shall be 0
Table 3=~ sparseMatrixFloat16 encoding
Byte position Field Content Encoded as.
length
(bytes)
0..1 2 Rows (R) ulntl6Number
2.3 2 Columns (C) ulntl6Number
4..3+R*2 R*2 Row start offset array ulnt16Number[R]
4+R42...5+R*2% 2 Number matrix entries (N) ulnt16Number
6+RY2...5+R¥2"+ N*2 N*2 Matrix entry column indices  |ulntl16Number[N]
6+R12xN*2...0-1 Index padding, shall be 0
0...04NE2% NE2 Matrix-entry-datavalaes HeatteNumberfMH
O0+N*2...end Data padding, shall be 0
Table 4 — sparseMatrixFloat32 encoding
Byte position Field Content Encoded as...
length
(bytes)
0..1 2 Rows (R) ulntl6Number
2.3 2 Columns (C) ulntl6Number
4..3+R*2 R*2 Row start offset array ulnt16Number[R]
4+R*2...5+R*2 2 Number matrix entries (N) ulnt16Number
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Table 4 (continued)
Byte position Field Content Encoded as...
length
(bytes)
6+R*2...5+R*2 + N*2 N*2 Matrix entry column indices ulnt16Number[N]
6+R*2+N*2...0-1 Index padding, shall be 0
0...0+N*4-1 N*4 Matrix entry data values float32Number[N]
O+N*4...end Data padding, shall be 0
4.2.5.2 Cdmpactpadding
When sparde matrices are encoded in a profile they shall be compacted so that the index and|data
padding reqult in the matrix entry data values and the end of the sparse matrix being aligned|on a
4 byte boundary.
NOTE Compact padding can result in variability in the size of individual sparse matrices’in a sparse njatrix

array or spar|

4.2.5.3 Fixed block size padding

When a colg
block size df

NOTE
to allow the 1
size therefor

When fixed
for each of t
sparse mati

Formula (1)
M = floo

When fixed
offset of the

number of matrix entries (M3, @s well as the byte size (S) of a matrix entry data value as shoy

Formula (2)
0 = floot

4.2.6 spa

Omne method of internally encoding Sparse Matrices within CMM adjusts the index and data pa

se matrix LUT.

ur space uses sparse matrix encoding it is useful for the<internal encoding to use a
btermined by the number of samples associated with the'€olour space.

umber of matrix entries to vary without the size of thelehcoded data block size changing. The
e determines a fixed upper limit to the number of entries that can be encoded.

block size padding is used, the maximum nuimber of matrix entries (M) that can be end
he sparse matrix encodings is determined by the fixed data block size (B) used to stor
ix, the number of rows (R) and the byte size (S) of a matrix entry data value as shoy

F (B-8-2*R-(S-1]/(S+2)

block size padding is used for each of the sparse matrix encodings in Table 1 to Table

fixed

Hding
block

oded
e the
vh in

(0

1 the

matrix entry data drray (0) is determined by the number of rows (R) and the maxi

((8 + 2*R +2%M + (S - 1))/S) *S

'seMatrixEncodingType

mum
n in

(2)

When encoding sparse matrices the exact data encoding type used shall be specified using a
sparseMatrixEncodingType parameter. Where used, values for a sparseMatrixEncodingType parameter
shall be encoded as defined in Table 5.

Table 5 — sparseMatrixEncodingType selection of sparse matrix encoding in SparseMatrixLut

sparseMatrixEncodingType Sparse matrix encoding
1 sparsematrixUInt8
2 sparseMatrixUInt16
3 sparseMatrixFloat16
4 sparseMatrixFloat32
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The spectralRange data type shall be used to specify spectral ranges. This data type shall be made up
of two float16Number values and a ulntl6Number value that define the starting wavelength, ending
wavelength and total number of steps in the range. The encoding of a spectralRange data type is shown

in Table 6.
Table 6 — spectralRange encoding
Byt(? posi- | Field length Field contents Encoded as...
tion (bytes)

Oto1l Start wavelength float16Number

2to3 End wavelength float16Number

4to5 Steps in wavelength range ulntl6Number
4.2.8§ tintArray
A tintArray defines the relationship between a single input value (tint)_and multiple output values.
A tiftArray is used by both the multi processing element tintArrayElement (11.2.14) as| well as the
nam¢dColorStructure (12.2.5). Any of the numeric array types (e.gruwlnt8ArrayType) are permitted in

a tin
depi

LArray. The relationship between N tints (each made up ofM samples per tint) in a
ted in Table 7.

Table 7 — tintArray sample index assignments

tintArray is

Tint index Sample 1 Sample 2 Sample M-1 Sample M
0 1 M-2 M-1
M M+1 2M-2 2M-1
N-2 (N-2)M (N-2)M+1 (N-1)M-2 (N-1)M{1
N-1 (N-1)M (N-1)M+1 NM-2 NM-1

A tink array shall have N x M entries in the array.

NOTIH
in wh

4.2.9

Whe

type
para

Assignment of tintyalues ranging from 0,0 to 1,0 to tint indices can vary and is specific t
ich a tint array is used.

valueEncodingType

h encodingvalues in sampled curves and colour lookup tables (CLUTSs) the exact d4

metercshall be as defined in Table 8. Encoded values for the float32Number and flo

b

the use case

ta encoding

used shall be specified using a valueEncodingType parameter. Values for a valueEncodingType

ht16Number
umber and

type

shall represent the actual encoding number. Encoded values for the ulnt16N

ulnt8NumMbertypes shalt Tepresent am encoding between the range of 0,0to 1,0:

Table 8 — valueEncodingType values

value Encoding
float32Number
float16Number
ulntl6Number

ulnt8Number

valueType

WIN |- |O

Values for a valueEncodingType may be encoded as either a ulntl6Number or a ulnt32Number.
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4.2.10 verticalNumber

A verticalNumber corresponds to the vertical relative position of a viewing field for directional
transformations. For example, the viewing field of a display represents the physical limits of the
display. A verticalNumber shall be encoded as a floating point number that is provided as input
to a multiProcessElementType in any of the directional function tags (directionalAToBOTag,

directionalAToB1Tag, directional AToB2Tag, directionalAToB3Tag, directionalBToAOTag,
directionalBToA1Tag, directionalBToA2Tag, directionalBToA3Tag, directionalBToD0Tag,
directionalBToD1Tag, directionalBToD2Tag, directionalBToD3Tag, directionalDToBOTag,

directionalDToB1Tag, directionalDToB2Tag, directionalDToB3Tag).

The vertica
position, 0,0

Number cut,udiug Tange sttt befrom—t0—to—+0—with—10 TepTresenting the—to
representing the center and 1,0 representing the bottommost position.

nost

4.2.11 zenjthNumber
A zenithNurpber can be used to specify to a zenith angle 6 for BRDF and directional transformatiops or
to define gepmetry of measurement. It shall be encoded as a floating point number that is provided as
input to a multiProcessElementType in any of the BRDF function tags (brdfAToB0Tag, brdfAToB[LTag,
brdfAToB2Thg, brdfAToB3Tag, brdfBToAOTag, brdfBToA1Tag, brdfBToA2Tag, brdfBToABTag,
brdfBToDO0Tag, brdfBToD1Tag, brdfBToD2Tag, brdfBToD3Tag, brdfD;foBO0Tag, brdfDToB[Tag,
brdfDToB2Tag, brdfDToB3Tag, directionalAToBOTag, directionalAToB1Tag, directionalAToB2Tag,
directionalAToB3Tag, directionalBToAQTag, directionalBTeA1Tag, directionalBToAPTag,
directionalBToA3Tag, directionalBToD0Tag, directionalBToD1Tag, directionalBToD2Tag,
directionalBToD3Tag, directionaDToB0Tag, directiondlDToB1Tag, directionalDToB2Tag,
directionalDToB3Tag).
The zenithNumber encoding range shall be from 0,0:to 1,0, with 0,0 representing 0,0 degrees
and 1,0 representing 90,0 degrees. Figure 2 shows the zenith angle in relation to the normal and
azimuth angles.
a
A
+180°
90°
Key
a  surface normal
b lighting/viewer
c zenith angle
d azimuth angle

Figure 2 — Normal, zenith and azimuth angles
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5 Conformance

Any colour management system, application, utility or device driver that claims full conformance
with this document shall have the ability to read the profiles as they are defined in this document,
including all specified tags and types. Any profile-generating software and/or hardware that claims
full conformance with this document shall have the ability to create profiles as they are defined in this
document, including all specified tags and types.

In addition, software or hardware may claim partial conformance with this document by reading and/
or creating profiles that contain a subset of the tags and types listed in a separate domain-specific ICS
approved and registered by the ICC.

Softyare conforming to this document shall use the ICC profiles generated in accordahfe with this

document, or with an approved ICS.

Unar
CMM
optid

hbiguous operation of profiles in workflow scenarios identified in an ICS is/provided by the use of
processing control options. For more information about workflow scenatiios and CMM processing
ns see Annex K.

A colour management system, profile-generating software and/or hasdware applicatiop, utility or

devi
defin
regis
type

docujments (ICSs) shall also be registered. The registration-authority for all of these is the |

Secry

NOTH

6 1

6.1

This
and
user

6.2

The 1
Exte
coloy
signa
signa

e driver that claims full or partial conformance with this doctument shall also confq
itions and requirements in ISO 15076-1 unless otherwise spécified by this docume
ter all signatures for CMM type, device manufacturer, device model, profile tags an
5 with the ICC to ensure that all profile data are uniquély ‘defined. Domain-specific §

ptary.
See the ICC website (http://www.color.org) for¢ontact information.

txpanded PCSs, rendering intents and device encoding

General considerations

document describes extensions to profiles and their connections that permit a great
unctionality than ISO 15076-1. Where such extensions are not needed in a particuld
5 should continue to use(ISO'15076-1 as the basis for colour management profiles and ay

Extensions to.dévice colour encoding

wumber of channels associated with a colour space is determined from the colour spag
sions thatiallow for processing elements to utilize up to 65 535 channels require uniq
r space-signatures associated with up to 65 535 channels. This is accomplished by e>

tufre. The 16 most significant bits (corresponding to textual digits) shall match an extg

i

rm with all
t, and shall
profile tag
pecification
LC Technical

et flexibility
r workflow,
chitectures.

e signature.
uely defined
(tending the

turedefinition to use the binary representation of the actual number of channels withjin the 32-bit

nded colour

spac

e fype (signature identifier), and the 16 least significant bits shall define a binary repr

sentation of

the number of channels (signature channels). This results in a colour space signature containing 32 bits
that cannot be represented as four text characters.

A six-character text string shall be used for cases when a textual representation of these extended colour
space signatures is desired with the first two characters corresponding to the signature identifier and
the last four digits corresponding to a hexadecimal representation of the signature channels. (Thus:
“nc0014” corresponds to the 32-bit hexadecimal extended colour space signature encoding (6e630014h)
used in the profile which represents N-channel data with twenty device channels.) Having a six-
character text representation of an extended colour space signature is for convenience purposes only
for describing the signature value (as colour signatures are only encoded as binary 32-bit values within
profiles). Extended N channel device data colour space signature encoding is provided in Table 9.
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Table 9 — Extended data colour space signatures

Spectral colour space tvpe Signature Signature | Combined hex | Signature rep-
p p yp identifier channels encoding resentation
'nc’ 1..65535 6e630001h ...  |“4c0001”
N channel device data (0001h ... “ncFFFE”
(6e63h) FFFFh) 6e63FFFFh
None (PCS defined by PCS header field) 0 0 00000000h 0

6.3 Extensions to PCSs

6.3.1 Gen

ISO 15076-1
The resultiy
the chromat
results for {
is in confor
colorimetryj
connection
in ISO 1507
transforms
between PC
The PCC def]
observer/ill
used to con
by the CMM
observer ot
profile con

Additional
colorimetryj
profile. The

Profile connfection condition tags shallalso be encoded within a profile whenever a spectral PCS is

within a prd

Additional {
with relatid
connection
dimensiona
surface cha
measureme

Lastly, a mu

nect profiles, the CMM shall either use the PCC-from within a profile or a PCC proy

I

eral

defines PCSs in terms of D50 colorimetry with the CIE 1931 standard 2-degree obsé
1g transform data are therefore encoded relative to this illuminant andcebserver. U
ic adaptation tag in ISO 15076-1 provides a means of converting enceded PCS trans
he media white point to and from actual illuminant/observer coleximetry. A CMM
mance with this document shall always provide transforms to @nd from D50/2-dg
that can be used when connecting profiles. Such transforms shall make use of the pj
rondition tags defined in this document rather than the chpomatic adaptation tag de
H-1. This document extends profile connection to allow diréct encoding of colour dg
with arbitrary illuminants and observers. This results inthe CMM performing conver
5 observer and illuminant colorimetry as needed usingprofile connection conditions (
ines information about the observer and illuminant'as'well as transforms between cu
iminant conditions and the standard D50/2-degrgé observer colorimetry. Where PC

. Profiles based on colorimetry using an illuminant other than CIE D50 or a colorim
her than the CIE 1931 standard observer-(known as the 2-degree observer) shall en
ction condition tags (see 6.3.2).

Ss can be specified that are based upon spectral representation of colour rather
A spectral PCS use is defined and encoded separately from colorimetric PCS use wit
refore both colorimetric andspectral PCS transforms can simultaneously exist in a pr

file.

ags can be provided-in a profile that can define surface characteristics such as
nships betweenClighting and viewing angle defined. These tags provide an addit
interface separate from the PCS. These BRDF transforms provide information for t}
rendering._Systems that are capable of rendering light interactions based upor
racteristics' The measurement angle tag also allows the profile generator to identif;
ht geometry used to generate the PCS data in the profile.

rver.
se of
form
that
gree
rofile
fined
ta in
sions
PCC).
stom
C are
rided
etric
code

than
hin a
ofile.
used

rloss,
ional
hree-
the
y the

named mult

with flexibility and channel matching rules.

6.3.2 Pro

file connection conditions

Itiplex-based connection method is introduced that allows profiles to be connected jz

sing
tion

The standard PCS shall be defined to use the 2-degree observer under D50 illumination. Whenever
either a non-standard PCS or a spectral PCS is used, three tags shall be encoded in a profile and shall
be used to define default PCC for a profile. In cases of spectral PCS use or late-binding colorimetric
processing elements, a CMM may optionally be provided or use external PCC, thus overriding the

defaults pro

vided by the profile.

The spectralViewingConditions tag shall define the spectral power distribution of the illuminant,
colour matching functions (CMFs) of the observer and the lighting levels of the surround. If the

10
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spectralViewingConditions are different from the standard PCS viewing conditions then two tags are

used

to convert between custom and standard connection conditions (see 9.2.105).

The customToStandardPCC tag shall define a transform that converts from the custom viewing

cond

ition colorimetry to standard viewing condition colorimetry (see 9.2.56).

The standardToCustomPCC tag shall define a transform that converts from standard viewing condition
colorimetry to the custom viewing condition (see 9.2.107).

Apart from the spectral tables, all other tables, both forward and inverse, shall convert colours between
the colour space of the PCS and coding values of the colour reproduction device, taking into account the

refer,

6.3.3

6.3.3

This
signa
depr
infor

A dis
lumi
whel
arer

Refle
are 1]
emis|
as ah

Diffe
or el
to th
spec

6.3.3

To d
shall
coloy
the d
spac
spec

nce and actual vim/\ling conditions

Spectral PCSs

.1 General

document allows for a spectrally-based PCS to be defined for DToBx/BToDx tags using a
ture field in the profile header. The use of DToBx/BToDx tags for celerimetric process
ecated in this document. Additional header fields are also added to-allow specificatio}
mation used by the profile.

tinction is made between self-emitting colours and non,self-emitting colours, here rg
hous colours and object colours. Luminous colours are ‘tharacterized by their emisg
eas for object colours reflectance or transmission spéctra are used. These three type
eferred to as object characterization spectra.

ctance spectra are specified in relation to the perfect reflector whereas transmiss
elated to a perfect transmitter. Therefore;soth types of spectra can be seen as relat
sKion spectra, Y tristimulus values correspond to luminance values, and hence these 3
solute data.

rent types of spectral data can be-defined. In normal circumstances, only reflectance, t
hission spectra are used but in ether circumstances additional data shall be providd
e processing to be carried.out. To represent bi-spectral data, a Donaldson matrix is
fied by bi-spectral data fields in the header.

.2 Encoding spectral data

efine the use of\a’/spectrally-based PCS, one of the spectral colour space signatures
be used to €ncode the colour space implied by the spectralPCS field of the profile h¢
r space sigiatures define both the colour space type and the number of channels ass
olour space. Therefore, the number of signature channels associated with the spectr:
b sigriature shall match the number of channels indicated by the steps field(s) of the co
r'ralRange structures in the profile header.

spectralPCS
ng has been
1 of spectral

ferred to as
ion spectra,
s of spectra

ion spectra
ve data. For
re regarded

ransmission
d according
used and is

in Table 10
pader. These
bciated with
W1PCS colour
Fresponding

Table 10 — Spectral colour space signatures

Spectral colour space tvpe Signature Signature | Combined hex | Signature rep-
p p yp identifier channels encoding resentation
None (PCS defined by PCS header field) 0 0 00000000h 0
TS 165535 175730001h .. |vrs0001” . “rs.
Reflectance spectra with N channels (0001h ... FFFF”
(7273h) FFFFh) 7273FFFFh
'ts’ 1..65535 74730001h ... “ts0001” ...
Transmission spectra with N channels (0001h ... . ,
(7473h) FFFFh) 7473FFFFh tsFFFF
© IS0 2019 - All rights reserved 11
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Table 10 (continued)

Spectral colour space type Signature Signature | Combined hex | Signature rep-
p p yp identifier channels encoding resentation
‘e’ 165535 165730001h ... |ve50001" . “es.
Radiant (emission) spectra with N channels (0001h ... FFFF”
(6573h) FFFFh) 6573FFFFh
- 1to 65535
Bi-spectral reflectance spectra with N total bs (0001h 62730001h ... “bs0001” ...
channels “bsFFFF”
(6273h) FFFFh) 6273FFFFh
rer? 1to 65535
Bi-spectral reflectance using sparse matrix | S/ (0001h 736D0001h ... |“sm0001%.5$m-
with N equiyalent output channels FFFF”
q P (736d) FFFFh) 736DFFFFh
NOTE Spectral colour space signatures use the same 32-bit binary encoding mechanism¢@s'N colour device

data signatupes (see 6.2.1), with each having a six-character signature representation.

Spectra are| normally represented according to their canonical basis, i.e. the\xspectrum is sampled
uniformly aJong the wavelength axis. The wavelength range is represented by-a start wavelength (S),
end wavelength (E) and number of steps (n). The wavelength interval between steps (/) is then given by

Formula (3)
I=(E-§)/(n-1) (3)

6.3.3.3 Spectral consistency of tags in profiles

Apart from measurement files embedded in profiles, spéctral data in all other tags are assumed fo be
sampled at iniform intervals, with a given start, end Wavelength and number of steps. The dimengions
and range df the spectra in the different tags have-to be defined consistently. For normal spectra, it
means that the spectral dimension of object characterization spectra have to be the same. If the object
characterization spectra are defined by the Donaldson matrix, the Donaldson matrix has to be anjnXm
matrix with m defined internally in the corresponding colour table. For multiple spectra, suppdgse k,
the object characterization spectra aresa\column vector with length kXn in the colour tables, but after
processing also n dimensional spectra.are obtained.

The spectra] type of the object characterization spectra is defined in the profile header.

Tags containing measurementfiles are seen as separate entities and hence the previous conditiofis do
not have to be fulfilled.

6.3.3.4 Spectral fluerescence connection spaces

The charac erlzatlon of the 1nteract10n of light W1th a diffuse surface can be accomphshed us|ng a
Donaldson sults
in a vector representlng the light reflected off the surface. Columns of a Donaldson matrix correspond
to incident wavelengths of light and rows of a Donaldson matrix correspond to reflected wavelengths
of light. Diagonal entries (where incident and reflected wavelengths are the same) correspond to
spectral reflectance. Off diagonal entries (below the diagonal) represent the contribution of a change
in the reflected light’s wavelength (typically due to fluorescence). Fluorescence occurs when light is
absorbed and then re-emitted at a longer wavelength. Using Donaldson matrices to represent colours in
an ICC profile allows for a more complete description of colour to be encoded than using only spectral
reflectance or simple colorimetry. Examples of various spectral calculations can be found in Annex A.

However, directly encoding a Donaldson matrix in a profile can be inefficient. For example, if
41 wavelengths are used to represent an illuminant (300 nm to 700 nm with a 10 nm interval) and 31
wavelengths are used to represent the reflected light (400 nm to 700 nm with a 10 nm interval) then
a corresponding Donaldson matrix encodes 31 x 41 = 1 271 entries. However, most of the off diagonal
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entries are zero with the only entries with non-zero data for fluorescent terms. By using a sparse matrix
encoding (which only encodes non-zero entries of a matrix), large profile files can be avoided while
simultaneously reducing processing overhead because fewer computations need to be performed. This
results in a compression of information and requires that interpolation and application of the matrices
be carried out correctly.

When using Donaldson matrices to represent colour values in a colour LUT, intermediate matrices shall
be determined (using interpolation) to establish the intermediate “colour”. However, since a Donaldson
matrix is associated with a single combination of device code values, interpolation between matrices
associated with different device code values needs to be performed to estimate a Donaldson matrix for
intermediate device code values.

The
cont
coloy
of a
each

use of a single sparse matrix LUT encoding can be used in two contexts. The firs
ining a single dimensional array of sparse matrices representing different tintvalug
r (used by NamedColors). The second is a multi-dimensional table of sparse matrices i
multi-process element which is useful for characterizing a device using Donaldson
possible input combination.

[ is in a tag
s of a single
the context
matrices for

Normhally colour lookup tables (CLUTSs) define multiple output samples for each input c¢ordinate in
lookiip table. A sparse matrix expands the meaning of the output cololtt’samples being passed around
in a CMM. When sparse matrices are implied by a colour space the array of colour samples should
instegad be interpreted as using a sparse matrix encoding. The nomber of samples defined in a sparse
matrjix colour space establishes the upper limit to the number©f)matrix entries that can b¢ encoded. A
compressed row order encoding of sparse matrices is utilized<This encoding format allows|for efficient

interjpolation of matrices as well as efficient multiplication of vectors by sparse matrices.

6.3.4 BRDF connection

Nong of the transforms defined by ISO 15076-L-stpport BRDF as an input to a transform. |t is possible
for a|CMM to transform BRDF values to connection space values that are needed.

Extepded information about using BRDEAwith tags encoded in profiles defined by this document can be
found in Annex G.

6.3.§ Directional viewing connection

Nong of the transforms defined by ISO 15076-1 support directional or positional information as input
to a fransform. It is possible for a CMM to transform both directional angles and relative positional
information to determine connection space values that are needed in order to compute d¢vice values.

Revefrse transforms-areé also possible to determine device values that achieve connection space values.
Extended inforngation about using directional tags encoded in profiles defined by this document can be
found in Annex/H.

6.4

Multiplex connection spaces

6.4.1 General

This document allows for a connection space defined by multiplex channel identification for AToMO0/
MToAO0/MToB0/MToS0O tags using a multiplex connection space (MCS) signature field in the profile
header. If this field is zero, then multiplex connection is not defined.

MCS connection is performed by passing values for multiplex channels between profiles that have
identical multiplex channel type values (defined in the multiplexTypeArrayTag of both profiles).
The MCS subset requirements shall be met before profiles can be linked (see 7.2.13). Once these
requirements are met the channels with a multiplex channel type in the source profile that are not
in the destination profile are ignored, and channels with multiplex channel types in the destination
profile that are not in the source profile are processed with the multiplex channel value defined for
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the channel in the multiplexDefaultValuesTag or zero if this tag is not present. Figures 3 and 4 show

examples of

Elnput

MCS profile connection.
Output
 device

Figure 3 — Workflow connecting a MultiplexIdentification (MID)/input profile, a

Figur¢

Examples of

6.4.2 MC§

To define th
shall be use
the colour s

hput . » Output
evice MID/InpUt ; device !
hannels . prOﬁIe : channels\i
p 4 — Workflow connecting a MultiplexIdentification (MID)/input profile with a

MultiplexVisualization (MVIS) profile and an output profile

MultiplexLink (MLNK) profile

MCS workflows and connection scenarios can be found in Annexl.

p signature encoding

e use of MCS connection with multiplex channel idertification the signatures in Tab)
d to encode the MCS field of the profile header. These colour space signatures define
pace type and the number of channels associated‘with the colour space.

Table 11 — Multiplex colour space signatures

Mult

Combined hex
encoding

Signature
identifier

Signature
channels

Signature r

plex colour space type resentatia

ep-
n

None (no M(

S is used) 0 0 0 0

Multiplex ch

1..65535

(0001h ...
FFFFh)

’

mc
(6d63h)

6d630001h ...
6d63FFFFh

“mc0001” ...

hnnel values with N channels “mcFFFF”

NOTE M
data signatuy

6.5 Coloy

This docum
Therefore if

Litiplex colour spaceSignatures use the same 32-bit binary encoding mechanism as N colour d
es (see 6.2.1), with’each having a six-character signature representation.

Ir encoding space profiles

ent provides a means of defining a colour encoding relative to a named reference enco
defines what the data are (not how they are transformed). The reference shall

evice

ding.
be a

registered d

letir encoding in the ICC three-component colour encoding registry.

Because the transform is not defined by the profile, the CMM is responsible for determining what
transform to use.

The intent of ColorEncodingSpace profiles is to allow for profile files that have a minimum data structure
that can be embedded in images with clear, concise and non-redundant (canonical) information relative

to a “named

” reference provided to the CMM for determining the actual transforms to apply.

Minimally, a ColorEncodingSpace profile shall have a header, a tag directory and a referenceNameTag
(see 9.2.103) which defines the named reference encoding associated with the colour encoding space.

14
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Various modes of operation are defined for ColorEncodingSpace profiles in 8.7. Brief guidelines for
transform determination by the CMM can be found in Annex |.

NOTE It is envisioned that the set of required and optional named colour encoding spaces will be defined by
ICSs external to this document.

7 Profile requirements

7.1 General

Val £l 1 11 1 1 1 Loell . 1 - 1 1 1 - 1 L1
An ICL PIOIC SI4IT HTICTUUC LIIC T0I10OWI1Ilg CICIIICIILS, 1T LTS OI'UCT SITIOWIL, d5 d SHIZIC TTIC,

a) a 128-byte profile header as defined in 7.2;

b) 4 profile tag table as defined in 7.3;
c) profile tagged element data as defined in 7.4.
This|is illustrated in Figure 5.

The required tags for each profile type are tabulated in Clause 8. The definition of all publifly available
tags pnd their signatures is contained in Clause 9 along with the(permitted tag types for gach tag. Tag
typep are defined in Clause 10. Extended ICC profiles may stipport tags defined as using either the
multjProcessElementsType or the tagStructType. Multiple proGessing elements are defined |n Clause 11.
Tag qtructure types are defined in Clause 12. Tag array types are defined in Clause 13.
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Profile 128 bytes
header
Tag count } 4 bytes
oo [ s | |
Tag . &
table
o
,\0)
) (19
) ’\/\’
QCO
Vv
IOUS sizes
@)
Tagged
element
data

.
r S
\»

@?ure 5 — Profile structure

Within the profile structureg\%

a)
b)

<)

d)

all profile data shall@&neoded as big-endian;

the firs{ set of tdgged element data shall immediately follow the tag table;

all tagged
bytes tg feach a 4-byte boundary;

&ﬁent data, including the last, shall be padded by no more than three following

r pad

all pad bytes shall be NULL (ISO 646, character 0/0).

NOTE1  Thisimplies that the length of the file is a multiple of four.

NOTE 2

The above restrictions result in two key benefits. First, the likelihood of two profiles which contain the

same tag data, yet have different checksum values, is reduced. Second, all profiles are reduced to a minimum size.

16
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ISO 15076-1 defines a single header specification for defining ICC profiles. ISO 20677 extends the use
of the ICC header in two ways. For spectral PCS support additional entries have been defined. For
ColorEncodingSpace profile device class profiles a minimal subset of header field entries is defined.

7.2.2 Extended profile header field definitions

The encoding of the profile header with spectral PCS support shall be as shown in Table 12
Table 12 — Profile header fields
. Field length . I
Bytle position (bytes) Field contents Encoded as...
ulnt32Number;
OtoB 4 Profile size
See 7.2.4
4-byte signafjure; see
4toy 4 Preferred CMM type 7.2.5
8to|1l 4 Profile version and sub-version nuimber ulnt32Number; see 7.2.6
. . 4-byte signafjure; see
12 tg 15 4 Profile/device class 72.7
16 tq 19 4 Colour space of data (possibly a derived space) 47L-2b3éte signafure; see
20 tq 23 4 PCS 4-byte signatjure; see 7.2.9
dateTimeNumber;
24 tq 35 12 Date and time ¢his profile was first created
see 7.2.10
. , e 4-byte signafjure; see
36 tq 39 4 acsp’ (61637370h) profile file signature 7211
. . 4-byte signafjure; see
40tq 43 4 Primary platform signature 72.12
44t 47 4 Profile flzflgs to indicate various options _for the CMM ulnt32Number; see 7.2.13
such as distributed processing and caching options I
Device manufacturer of the device for which this |4-byte signafure; see
481tq 51 4 S
profile is created 7.2.14
Device model of the device for which this profile |4-byte signafure; see
52 td 55 4 :
is created 7.2.15
56 td 63 8 Device attributes unique to the particular device ulnt64Numbkr see 7.2.16
setup such as media type —
64 tg 67 4 Rendering Intent ulnt32Number; see 7.2.17
The nCIEXYZ values of the PCS illuminant, com- )
68to 79 12 puted with the PCS observer XYZNumber; see 7.2.18
80to 83 4 Profile creator signature £7L-2b31/';e signature; see
84 t0 99 16 Profile ID ulnt64Number(2]; see
7.2.20
100 to 103 4 Spectral PCS 4-byte signature; see
7.2.21
spectralRange;
104 to 109 6 Spectral PCS wavelength range
See 7.2.22

© IS0 2019 - All rights reserved

17


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

IS0 20677:2019(E)

Table 12 (continued)

. Field length .
Byte position (bytes) Field contents Encoded as...

spectralRange;

110 to 115 6 Bi-spectral PCS wavelength range
see 7.2.23

116 to 119 4 MCS signature ulnt32Number; see 7.2.24

120 to 123 4 Profile/device sub-class ;Léb}é‘;e signature; see

124 to 127 4 Reserved bytes shall be zero (00h) ulnt32Number; see 7.2.26

A spectral-gnly profile shall be defined by setting the PCS header field to zero, setting the speetral PCS
field to the flesired spectral colour space, and only providing spectral DToBx and BToDx tahles ih the
profile.

7.2.3 ColourEncodingSpace class profile header field definitions

A ColourEngodingSpace class profile shall use only the ICC header fields defined/in Table 13 with the
other fields gither set according to ISO 15076-1 or optionally zero filled.

Table 13 — ColourEncodingSpace profile headér fields

Byte posi- || Field Field contents Encoded as...
tion length
bytes
Oto3 4 Profile size ulnt32Number
4to7 4 Reserved bytes shall be zero (00h)
8to 11 4 Profile version number 5,0 or higher
12 to 15 4 ‘cenc' (63656E63h) profile device class
16 to 19 4 Colour space of data (possibly a derived space) ‘RGB’ (52474220h) or
‘YCC ‘(59434320h)
20 to 35 16 Reserved bytes shallbe zero (00h)
36 to 39 4 ‘acsp’ (61637370h) profile file signature See7.2.11
40to 127 ||88 Reserved bytes shall be zero (00h)

7.2.4 Profile size field (bytes 0 to 3)

The value in the profilg’size field shall be the exact size obtained by combining the profile heade, the
tag table angl the tagged element data, including any pad bytes. It shall be encoded as a ulnt32Numpber.

7.2.5 Prefersed CMM type field (bytes 4 to 7)

This field may be used to identify the preferred CMM to be used. If used, it shall match a CMM type
signature registered in the ICC CMM registry. If no preferred CMM is identified, this field shall be zero
(00000000h).

7.2.6 Profile version and sub-version field (bytes 8 to 11)

The profile version with which the profile conforms shall be encoded as binary-coded decimal in the
profile version field. The first byte (byte 8) shall identify the major version and byte 9 shall identify the
minor version and bug fix version in each 4-bit half of the byte. Bytes 10 and 11 shall be used to identify
the profile sub-class version where byte 10 shall be used to identify the sub-class major version and
byte 11 shall be used to identify the sub-class minor version. When a sub-class is not associated with a
profile (when the Pprofile/device sub-class field is zero) then bytes 10 and 11 shall be zero. The major
and minor versions are set by the International Color Consortium (ICC). Profile sub-class versions
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shall be established by profile sub-class specification documents. The profile version and sub-version
number consistent with this specification is "5.0.0.0" (encoded as 05000000h).

NOTE

7.2.7 Profile/device class field (bytes 12 to15)
This

Therg are three basic classes of device profiles: Input, Display and Output profiles.\In
ree basic device profile classes, eight additional colour processing profiles ‘are de
profiles provide a standard implementation for use by the CMM in general colour proce
onvenience of CMMs which may use these types to store calculated fransforms.
ional profile classes are DevicelLink, ColorSpace, ColorEncodingSpage; Abstract, I

the

the (
addit
Mult

7.2.8

This
trans

The nanes and signatures of the permitted data colour spaces shall be as shown in Table 15

A major version number change occurs only when changes made to this document require that both
CMMs and profile generating software be upgraded in order to correctly produce or use profiles conforming
to the revised specification. A minor version number change occurs when profiles conforming to the revised
specification can be processed by existing CMMs. For example, adding a new required tag would necessitate a
major revision to the specification, whereas adding an optional tag would only require a minor revision.

plexIdentification, MultiplexLink and MultiplexVisualization.

Table 14 — Profile classes

addition to
ined. These
5sing, or for
These eight
NamedColor,

Profile class Signature HeXigﬁgiil:;l P
Input Device profile ‘scnr’ 73636E72h
Display Device profile ‘mntr’ 6D6E7472h
Output Device profile ‘prtr’ 70727472h
DeviceLink profile ‘link’ 6C696E6Bh
ColorSpace profile ‘spac’ 73706163h
Abstract profile ‘abst’ 61627374h
NamedColor profile ‘nmcl’ 6E6D636Ch
ColorEncodingSpace profile ‘cenc’ 63656E63h
MultiplexIdentification profile ‘mid’ 6D696420h
MultiplexLink profile ‘mlnk’ 6d6c6e6bh
MultiplexVisualization profile ‘mvis’ 6d766973h

Data colourspace field (Bytes 16 to 20)

field shall \¢ontain the signature of the data colour space expected on the A side o

forms.

[ the profile

14
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Table 15 — Data colour space signatures

Hexidecimal en-

Colour space type Signature coding
nCIEXYZ or PCSXYZa ‘XYZ’ 58595A20h
CIELAB or PCSLABD ‘Lab’ 4C616220h
CIELUV ‘Luv’ 4C757620h
YCbCr ‘YCbr’ 59436272h
CIEYxy ‘Yxy’ 59787920h

b The signature 'Lab' refers to CIELAB or PCSLAB, depending upon the context.

a  The signature 'XYZ 'refers to nCIEXYZ or PCSXYZ, depending upon the context.

2019 - All rights reserved
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Table 15 (continued)
Colour space type Signature Hexi(:zgiir:gal en-

LMS ‘LMS * 4C4D5320h

RGB ‘RGB’ 52474220h

Gray ‘GRAY’ 47524159h

HSV ‘HSV”’ 48535620h

HLS ‘HLS’ 484C5320h

CMYK ‘CMYK’ 434D594Bh

CMY ‘CMY’ 434D5920h

2 colour ‘2CLR’ 32434C52h

3 colour (other than those listed above) ‘3CLR’ 33434C52h

4 colour (other than CMYK) ‘4CLR’ 34434C52h

5 colour ‘5CLR’ 35434C52h

6 cojour ‘6CLR’ 36434C52h

7 colour ‘7CLR’ 37434C52h

8 colour ‘8CLR’ 38434C52h

9 colour ‘OCLR’ 39434C52h

10 cplour ‘ACLR’ 41434C52h

11 cplour ‘BCLR’ 42434C52h

12 cplour ‘CCLR! 43434C52h

13 cplour ‘DCLER’ 44434C52h

14 cplour (ECLR’ 45434C52h

15 cplour ‘FCLR’ 46434C52h

Represented as 6e630001h -
N cHannel device data
“nc0001” - “ncFFFF”  |6e63FFFFh

Nong 0 00000000h

a  [The signature 'XYZ ' refers to HCIEXYZ or PCSXYZ, depending upon the context.

b TThe signature 'Lab’ refers.to GYELAB or PCSLAB, depending upon the context.
NOTE Extended “N channel\device data” signatures use a 32-bit binary encoding (see 6.2.1) with p six-
character sighature represenptation.
Channel en¢oding order-shall be associated with the order that channel names are identified ip the
signature (fpr example given signature ‘RGB’ the channel order shall be channel 1 - R, channel 2 - G,
channel 3 -[B) with.the following exceptions: for the signature ‘GRAY’ there is only 1 channel; for the
signature ‘Y[Cbr*the channel order shall be channel 1 - Y, channel 2 - Cb, channel 3 - Cr; for XCLR gnd N
channel data the order shall be the same as the incoming device channel order.

For abstract profiles the data colour space signature shall one of the signatures in Table 15. If set to zero
the spectral PCS signature and spectral range fields shall be used to define the A side of the transform.

For MultiplexLink and MultiplexVisualization profiles the data colour space signature shall be zero.

7.2.9 PCSfield (Bytes 20 to 23)

For all profile classes (see Table 14), other than a DeviceLink or MultiplexLink profile, the PCS encoding
shall be one of the signatures as defined in Table 16. When the profile/device class is a DeviceLink
profile or MultiplexLink, the value of the PCS shall be the appropriate data colour space from Table 15.
The field represents the colour space on the B-side of the transform.

The PCS for AToBx/BToAx tags shall always be defined by the PCS field.
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To define the use of a colorimetric-based PCS one of the non-spectral colour space signatures in Table 16
shall be used to encode the colour space implied by the PCS field of the profile header. These colour
space signatures define both the colour space type and the number of channels associated with the

colour space.

Table 16 — Non-spectral PCS colour space signatures

Colour space type Signature Hexidecimal en-
coding
nCIEXYZ or PCSXYZa ‘XYZ’ 58595A20h
CIELAB or PCSLARD Lab- 466162205
None (sp_ectral PCS defined by spectral PCS 0 00000000H
header field)

a  The signature 'XYZ 'refers to nCIEXYZ or PCSXYZ, depending upon the context.

b The signature 'Lab' refers to CIELAB or PCSLAB, depending upon the context.

Channel encoding order shall be associated with the order that channeknames are identified in the
signgture.

7.2.10 Date and time field (bytes 24 to 35)

This|header field shall contain the date and time that the(profile was first created, ehcoded as a
dateTimeNumber.

7.2.11 Profile file signature field (bytes 36 to 39)

The profile file signature field shall contain the.value ‘acsp’ (61637379h) as a profile file signature.

7.2.12 Primary platform field (bytes 40 t043)

This|field may be used to identify the\primary platform/operating system framework fgqr which the
profile was created. The primary platforms that have been identified and the signatures that shall be
used|are shown in Table 17. If no.primary platform is identified, this field shall be zero (00g00000h).

Table 17 — Primary platforms

Primary platform Signature HeXigsfiiil:;l P
Apple Computer, Inc. ‘APPL 4150504Ch
MicraSoft Corporation ‘MSFT’ 4D534654h
Silicon Graphics, Inc. ‘SGI”’ 53474920h
Sun Microsystems, Inc. ‘SUNW’ 53554E57h

7.2.13 Profile flags field (bytes 44 to 47)

The profile flags field shall contain flags to indicate various hints for the CMM such as distributed
processing and caching options. The least-significant 16 bits are reserved for the ICC. Flags in bit
positions 0, 1 and 2 shall be used as indicated in Table 18.
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Table 18 — Profile flags

. Field
Bit
. length Field contents
position (bits)
0 1 Embedded profile (0 if not embedded, 1 if embedded in file)
1 1 Profile cannot be used independently of the embedded colour
data (set to 1 if true, O if false)
2 1 MCS channels in this profile shall be a subset of the MCS chan-

nels in the profile it is connected to (set to 1 if true, 0 if false)

Bit 2 shall define MCS subset requirements for connecting profiles. When bit 2 is set the CMM Sh{

instructed
(second pro
its MCS (def]
in its MCS (d

t|2 fail the linking of the profile containing this bit (containing profile) to another pj

file) using an MCS based connection if the second profile does not contain all the chann
ined in second profile’s multiplexTypeArrayTag, see 9.2.85) that the contaifiing profil
efined in the containing profile’s multiplexTypeArrayTag, see 9.2.85).

7.2.14 Deviice manufacturer field (bytes 48 to 51)

This field n
signature c
(see Clause

11 be
rofile
bls in
b has

hay be used to identify a device manufacturer. If used, the-signature shall match the

ntained in the appropriate section of the ICC signature registry at http://www.cold

r.org

b). If not used, this field shall be zero (00000000h).

7.2.15 Deviice model field (bytes 52 to 55)

This field n
contained i
Clause 5). If

lay be used to identify a device model. If used, the signature shall match the sign{
h the appropriate section of the ICC signature registry at http://www.color.org
not used, this field shall be zero (000000001).

7.2.16 Device attributes field (bytes 56 to 63)

The device 3
setup for w
the ICC. Bit

ttributes field shall contain flags used to identify attributes unique to the particular d

l‘lnlich the profile is applicable. The least-significant 32 bits of this 64-bit value are defing

sage shall be used as showiin Table 19.

Table 19 — Device attributes

Bit position Field length (bits) Attribute

Reflective (0) or transparency (1)

Glossy (0) or matte (1)

Media polarity, positive (0) or negative (1)

Colour media (0), black and white media (1)

iture
(see

bvice
ed by

Paper/paperboard (0), non-paper-based (1)

Non-textured (0), textured (1)

DU W[N] O

Isotropic (0), non-isotropic (1)

7

N S P S

Non self-luminous (0) or self-luminous (1)

8to 31

)
~

Reserved (set to binary zero)

32to 63

32 Use not defined by ICC (vendor specific)

NOTE

Notice that bit 0 to bit 6 describe the media, not the device. For example, a profile for a colour scanner

that has been loaded with black and white film has bit 3 set on, regardless of the value in the data colour space
field (see 7.2.8). If the media is not inherently "colour"” or "black and white" (such as the paper in an inkjet printer),
the reproduction takes on the property of the device. Thus, an inkjet printer loaded with a colour ink cartridge
can be thought to have "colour" media.
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7.2.17 Rendering intent field (bytes 64 to 67)

The rendering intent field shall specify the rendering intent that should be used (or, in the case of a
DeviceLink profile, was used) when this profile is (was) combined with another profile. In a sequence
of more than two profiles, it applies to the combination of this profile and the next profile in the
sequence and not to the entire sequence. Typically, the user or application selects the rendering intent
dynamically at runtime or embedding time. Therefore, this flag may not have any meaning until the
profile is used in some context, for example in a DeviceLink or an embedded source profile.

The field is a ulnt32Number in which the least-significant 16 bits shall be used to encode the rendering
intent. The most significant 16 bits shall be zero (0000h).

The ¢lefined rendering intents are perceptual, media-relative colorimetric, saturation aridy|CC-absolute
colofiimetric. These shall be identified using the values shown in Table 20.

Table 20 — Rendering intents

Rendering intent Value

Perceptual 0

Media-relative colorimetric

Saturation

W IIN | =

ICC-absolute colorimetric

7.2.18 PCS illuminant field (bytes 68 to 79)

The PCS illuminant field shall contain the nCIEXYZ walues of the PCS illuminant. If the PCF illuminant
is DJ0, the values shall be X = 0,964 2, Y = 1,0 and®Z = 0,824 9 encoded as an XYZNumbdr. If the PCS
illunjinant is not D50, the values shall correspefnd to the colorimetry of the illuminant 4§s computed
using the illuminant and observer values specified in the spectralViewingConditions tag, §s described
in 9.2.105.

See Annex A for further details.
NOTH These values are the nCIEXYZ values of CIE illuminant D50.

The precise value of the PGS, illuminant depends on the precision and method of compjtation. CIE
Publjcation 15[11] gives a different value for Z, which corresponds to an nCIEXYZ value of (1,825 1. Such
closd approximations should be considered as D50.

7.2.19 Profile creator field (bytes 80 to 83)

This|field mdy be used to identify the creator of the profile. If used, the signature should match the
signgtureccontained in the device manufacturer section of the ICC signature registry at pttp://www
.colof.org. If not used, this field shall be zero (00000000h).

7.2.20 Profile ID field (bytes 84 to 99)

This field, if not zero (00h), shall hold the profile ID. The profile ID shall be calculated using the MD5
fingerprinting method as defined in Internet RFC 1321[12]. The entire profile, whose length is given by
the size field in the header, with the profile flags field (bytes 44 to 47, see 7.2.13), rendering intent field
(bytes 64 to 67, see 7.2.14), and profile ID field (bytes 84 to 99) in the profile header temporarily set to
zeros (00h), shall be used to calculate the ID. A profile ID field value of zero (00h) shall indicate that a
profile ID has not been calculated.

It is recommended that profile creators compute and record a profile ID.
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7.2.21 Spectral PCS field (bytes 100 to 103)

This field, when non-zero, defines the meaning of spectrally-based PCS data in a profile.

If DToBx/BToDx or brdfDToBx/brdfBToDx or directionalDToBx/directionalBToDx tags are present
and this field is non-zero, then the use of a spectrally-based PCS shall be defined for DToBx/BToDx or
brdfDToBx/brdfBToDx or directionalDToBx/directionalBToDx tags. If this field is zero then the use of
DToBx/BToDx or brdf DToBx/brdfBToDx or directionalDToBx/directionalBToDx is not defined.

Spectral data shall be assumed to be sampled at equal intervals, with a given start, end wavelength
and number of steps. Unless 0therw1se spe01f1ed the type dlmensmns and range of the spectra in the

different tags-s
spectral PC$

For normal
spectral di

range f1elds

spectra (i.e. spectra containing no fluorescent emission component), this impligs thg
ension of object characterization spectra shall be the same. If the object chiaracteriz

and bi-

t the
htion

spectra are|defined by the Donaldson matrix, the Donaldson matrix shall be an nXfmymatrix with m

defined inte|

A distinctio
colours and
object colo
to as object

Reflectance
are related
emission sp

To define th
be used to ¢
space signa
colour spac
shall match
structures (|

rnally in the corresponding colour table.

is made between self-emitting colours and reflective colours, herereferred to as lumi
object colours. Luminous colours are characterized by their emission spectra, whered
s reflectance or transmission spectra are used. These three types of spectra are refg
characterization spectra.

spectra are specified in relation to the perfect reflector whereas transmission sp

bctra, luminance values are used, hence these are régarded as absolute data.

e use of a spectrally-based PCS, one of the spegtral colour space signatures in Table 21
ncode the colour space implied by the spectfalPCS field of the profile header. These ¢
fures define both the colour space type.and the number of channels associated wit
e. Therefore, the number of channels implied by the spectralPCS colour space signi
the number of channels indicated-by;the steps field(s) of the corresponding spectralR
7.2.22 and 7.2.23) in the profile header.

Table 21

1+— BToDx/DToBx or brdfBToDx/brdfDToBx or directionalBToDx/directionalDTd

spectral colour space signatures

fo a perfect transmitter. Therefore, both types of spéctra can be seen as relative datg.

nous
s for
erred

bctra
For

shall
blour
h the
hture
ange

Bx

Sped

Combined
hexidecimal
encoding

Signature
channels

Signaturer

Signature resentatig

tral colour spacetype identifier

n

None (PCS d

efined by PGS header field) 0 00000000h 0

Reflectance

1..65535

(0001h ...
FFFFh)

.

rs 72730001h ...

7273FFFFh

“rs0001” ... “r

spectrawith N channels FFFF”

(7273h)

Transmission spectra with N channels

4 C oo
1 ... 00000

(0001h to
FFFFh)

74730001h ...
7473FFFFh

“ts0001” ...
“tsFFFF”

=
(7473h)
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Table 21 (continued)
Signature Signature Combined Signature rep-
Spectral colour space type >ignati channels hexidecimal resentation
identifier .
encoding
‘es’ 165535 165730001h ... |ves0001" . “es.
Radiant (emission) spectra with N channels (0001h ... FFFF”
(6573h) FFFFh) 6573FFFFh
o 1to 65535
Bi-spectral reflectance spectra with N total bs 62730001h ... “bs0001” ...
channels (6273h) '(22911‘}\1 6273FFFFh “bsFFFF”
rrrr llJ
rers? 1to 65535
Bi-spectral reflectance using sparse matrix | ST (0001h 736D0001h ... "5ny0001” ... “sm-
with|N equivalent output channels FFFF’
q p (736d) FFFFh) 736DFFFFh

NOTH Spectral colour space signatures use the same 32-bit binary encoding mechanism as N folour device
data $ignatures (see 6.2.1), with each having a six-character signature representation.

Different types of spectral data can be defined. In most circumstances,-only reflectance, transmission
or erpission spectra are used, but in other circumstances additionalydata shall be providgd according
to the processing to be carried out. The range of normal spectra‘shall be indicated by the gpectral PCS
range field in the header (7.2.22). To represent bi-spectral data, a form of Donaldson mdtrix is used
and the incident wavelengths corresponding to the columns of the matrix shall be specifi¢d by the bi-
spectral PCS range field in the header (7.2.23).

7.2.22 Spectral PCS range field (bytes 104 to 109)

This field shall specify the spectral range used foira spectrally-based PCS when the spectralP(S signature
field in the profile header is non-zero. If the spectralPCS field is zero then this field shall be zgro.

Spectra are normally represented accerding to their canonical basis, i.e. the spectrum id sampled at
equall intervals along the wavelength axis. The wavelength range is represented by a start{wavelength

(S), end wavelength (E) and number of steps (n). The wavelength interval between stepg is given by
Fornjula (4).
II=(E-S)/(n-1) (4)

Unlefs otherwise spéeified, spectral data in all tags shall be uniformly sampled, with a given start, end
wavglength and number of steps as defined by this field. The dimensions and range of the spectra in the
different tags shall be defined consistently. For normal spectra, this means that the spectral dimension
of object characterization spectra shall be the same.

7.2.23-'Bi-Spectral PCS range field (bytes 110 to 115)

This field shall specify the spectral range of the incident light used for a spectrally-based PCS when the
spectralPCS signature field in the profile header indicates the use of Bi-spectral reflectance. Otherwise
this field shall be zero.

Bi-spectral reflectance characterizes of the interaction of light with a diffuse surface using a Donaldson
matrix. The multiplication of such a matrix by a vector representing the illumination results in a vector
representing the light reflected off the surface. Columns of a Donaldson matrix correspond to incident
wavelengths of light and rows of a Donaldson matrix correspond to reflected wavelengths of light.

Diagonal entries (where incident and reflected wavelengths are the same) correspond to spectral
reflectance. Off diagonal entries (below the diagonal) represent the contribution of a change in the
reflected light’s wavelength (typically due to fluorescence). Fluorescence occurs when light is absorbed
and then re-emitted at a longer wavelength. Using Donaldson matrices to represent colours in an

© IS0 2019 - All rights reserved 25


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

ISO 20677

:2019(E)

ICC profile allows for a more complete description of colour to be encoded than using only spectral
reflectance or simple colorimetry:.

7.2.24 MCS field (bytes 116 to 119)

The MCS for AToM0/MToA0/MToB0/MToS0 tags shall always be defined by the MCS field. The field
represents the colour space on the M-side of the transform. When this field is non-zero the multiplex
channel identification shall be encoded by a multiplexTypeArrayTag (see 9.2.85).

For the MultiplexIdentification and MultiplexVisualization profile classes (see Table 14), the MCS
encoding shall be one of the signatures as defined in Table 22.

NOTE Multiplex colour space signatures use the same 32-bit binary encoding mechanism as N colour/device
data signatupes (see 6.2.1), with each having a six-character signature representation.
Table 22 — AToM0/MToA0/MToB0/MToS0 MCS signatures
Signature Signature Combined Signature rep-
Multiplex colour space type . hp hexidecimal .
identifier channels . resentatiqn
encoding
'me’ 165535 164630001h ..  |“mc0001”
Multiplex chpnnel values with N channels (0001h ... “nmcFFFF”
(6d63h) FFFFh) 6d63FFFFh
For the inpfit profile class (Table 14) the MCS encoding shall beJone of the signatures as defingd in
Table 23.
Table 23 — AToM0/MToA0/MToB0/MToS0 MCS signatures
Multivlex colour space t Signature Signature hcg(?(;bilil;dl Signature rep-
plex colour space type identifier channels exigectma resentatiqn
encoding
None (no M(S is used) 0 0 0 0
e’ 165535 164630001h ... |*mc0001”
Multiplex chpnnel values with N channels (0001h ... “mcFFFF”
(6d63h) FFFFh) 6d63FFFFh
For all other profile classes (Table 14) the MCS encoding shall be zero.
7.2.25 Profile/device Sub-class (bytes 124 to 127)
This field allows fora'profile/device subclass signature associated with the profile class. This ffeld’s
purpose is tio proyide a connection with ICS documents that provide specifications for specific cplour
management workflows. If this field is zero then no profile/device subclass shall be associated |with
the profile tsyype—When-thisfieldis-set-thenthe profile sub-versionfield-sh o-identify-the-velsion

associated with

the profile/device sub-class that can be referenced with an ICS document.

7.2.26 Reserved field (bytes 124 to 127)

This field of

the profile header is reserved for future ICC definition and shall be zero.

7.3 Tag table

7.3.1 Ove

rview

The tag table acts as a table of contents for the tags and an index into the tag data element in the profiles.
It shall consist of a 4-byte entry that contains a count of the number of tags in the table followed by a

26

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

IS0 20677:2019(E)

series of 12-byte entries with one entry for each tag. The tag table therefore contains 4 + 12n bytes
where n is the number of tags contained in the profile. The entries for the tags within the table are not
required to be in any particular order nor are they required to match the sequence of tag data element
within the profile.

Each 12-byte tag entry following the tag count shall consist of a 4-byte tag signature, a 4-byte offset to
define the beginning of the tag data element and a 4-byte entry identifying the length of the tag data
element in bytes. Table 24 illustrates the structure for this tag table. 7.3.2 to 7.3.5 specify the position
and content of the entries composing the tag table.

Table 24 — Tag table structure

Field
Byte offset length Content Encoded as|..
(bytes)
0to3 4 Tag count (n)
4to7 4 Tag signature
8to11 4 Offset to beginning of tag data element ulnt32Number
12 to 15 4 Size of tag data element ulnt32Numbler
16 to (12n+3) 12(n-1) Signature, offset and size respectitely of
subsequent n-1 tags

Key

n: Number of tags contained in the profile

NOTH The byte offset shown in Table 24 is with respectto the 128-byte header. Thus the tag tiable starts at
byte position 128.

7.3.21 Tag count (byte position 0 to 3)

Byte| positions 0 to 3 shall specify thé\number of tags contained in the tag table, encoded as a
ulnt32Number.

7.3.3 Tagsignature (byte position 4 to 7 and repeating)

Byte|positions 4 to 7 (and repeating at 12-byte intervals) shall specify the signature of a ftag listed in
Clausge 9, or of a private.tag. Signatures of private tags shall be registered with the ICC as defined in
Clause 5.

7.3.4 Offset to‘beginning of tag data element (byte position 8 to 11 and repeating)

Byte|positions\8 to 11 (and repeating at 12-byte intervals) shall specify the address of the beginning of
the thg data-element, with respect to the beginning of the profile data stream (which has ap address of
zero), encoded as a ulnt32Number.

NOTE For profiles that are not embedded, the number specified is the same as the file offset.

All tag data elements shall start on a 4-byte boundary (relative to the start of the profile data stream)
and the two least-significant bits of each tag data offset shall be zero. This means that a tag starting
with a 32-bit value is properly aligned without the tag handler needing to know the contents of the tag.

7.3.5 Tag data element size (byte position 12 to 15 and repeating)

The tag data element size shall be the number of bytes in the tag data element encoded as a
ulnt32Number. The value of the tag data element size shall be the number of actual data bytes and shall
not include any padding at the end of the tag data element.
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7.4 Tagdata

The first set of tag data elements shall immediately follow the tag table and all tag data elements,
including the last tag data element, shall be padded by no more than three following pad bytes to reach
a 4-byte boundary.

The size of individual tag data elements and the accumulated size of all tag data elements shall only
be restricted by the limits imposed by the 32-bit tag data offset value and the 32-bit tag data element
size value.

8 Requiredtag

ral

S
=4

8.1 Gene

8.2 to 8.10 identify the tags that are required, in addition to the header defined in 7.2, for each profile

type.

NOTE Profiles can include additional tags beyond those listed as required.

rel of
[ low

The intent ¢f requiring certain tags with each type of profile is to provide(a)common base ley
functionality. If a custom CMM is not present, then the required tags have ehough information to 3

the default (
for each prd
might not pi
is adequate

8.2 Comry

With the e
profiles, all

profilell

copyrig
mediaW

spectra

NOTE1 A
mediaWhiteH

NOTE2 A
mediaWhiteR

8.3 Input

MM to perform the requested colour transformations. The particular models are idenf
file type and described in detail in Annex A. While the datayprovided by the required
ovide the level of quality obtainable with optional tags and private data, the data proy
for sophisticated device modelling.

non requirements

kception of ColorEncodingSpace, DeviceLiftk, Multiplexldentification and Multipley
profiles shall contain the following tags:

escriptionTag (see 9.2.101);
htTag (see 9.2.55);

[hitePointTag (see 9.2.88),ifthe PCS field in header is non-zero;
WhitePointTag (see 9.2:106) if the spectralPCS field in profile header is non-zero.

ColorEncodingSpace profile is not required to have either a profileDescriptionTag, copyrigh
ointTag or spectralWhitePointTag.

DeviceLink;~Multiplexldentification or MultiplexLink profile is not required to ha
ointTag.or spectralWhitePointTag.

profiles

ified
tags
rided

Link

tTag,

Input profiles are generally used with devices such as scanners and digital cameras.

In addition to the tags listed in 8.2 an input profile shall contain one or more of the following: AToBOTag
(see 9.2.1), AToB1Tag (see 9.2.2), AToB2Tag (see 9.2.3), AToB3Tag (see 9.2.4), DToBOTag (see 9.2.76),
DToB1Tag (see 9.2.77), DToB2Tag (see 9.2.78), DToB3Tag (see 9.2.79).

The colorantInfoTag (9.2.53) should be used for colour spaces with either an ‘xCLR’ signature or a
signature represented by “ncXXXX”. It enables the names and optionally colorimetric and/or spectral
values of the colorants to be specified for these colour spaces (Table 15), as these names are not
otherwise implicit in the choice of the colour space.

The BToAOTag (see 9.2.30), BToA1Tag (see 9.2.39), BToA2Tag (see 9.2.40), BToA3Tag (see 9.2.41),
BToDOTag (see 9.2.42), BToD1Tag (see 9.2.43), BToD2Tag (see 9.2.44) and BToD3Tag (see 9.2.45) may
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also be included in an N-component LUT-based input profile. If these are present, their usage shall be as
defined in Table 25 (see 9.2.1).

The gamutBoundaryDescriptorOTag (see 9.2.80), gamutBoundaryDescriptoriTag (see 9.2.81),
gamutBoundaryDescriptor2Tag (see 9.2.82) and/or gamutBoundaryDescriptor3Tag (see 9.2.83) may
be included.

MCS connection may be included in addition to PCS based tags. When the MCS header field is non-zero

the input class shall also include an AToM0Tag (see 9.2.5) and a multiplexTypeArrayTag (see 9.2.85).

8.4 Display profiles

This|class of profiles represents display devices such as monitors and projectors.

In addition to the tags listed in 8.2 a display profile shall contain the following tags:

ne or more of the following: AToBOTag (see 9.2.1), AToB1Tag (see 9.2.2};yAToB2Tag
ToB3Tag (see 9.2.4), DToBOTag (see 9.2.76), DToB1Tag (see 9.2.77),-DToB2Tag
ToB3Tag (see 9.2.79);

ne or more of the following: BToAOTag (see 9.2.38), BToA1Tag (see 9.2.39), BToA2Tag
BToA3Tag (see 9.2.41), BToDOTag (see 9.2.42), BToD1Tag [(see 9.2.43), BToD2Tag

BToD3Tag (see 9.2.45).

The
or a
spec
not g

colorantinfoTag (9.2.52) is a recommended tag for colout spaces with either an xCL
signature represented by “ncXXXX”. It enables tHeé-hames and optionally colorimg
fral values of the colorants to be specified for thesé colour spaces (Table 15), as thes
therwise implicit in the choice of the colour spate.

The | gamutBoundaryDescriptorOTag (see 9.2¢80), gamutBoundaryDescriptoriTag (3
gamytBoundaryDescriptor2Tag (see 9.2.82),and/or gamutBoundaryDescriptor3Tag (see
be inlcluded.

8.5 | Output profiles

Outp
avail

ut profiles are used to support devices such as printers and film recorders. The type
able for use as output profiles are N-component LUT-based and Monochrome.

In addition to the tags listed in 8.2 an output profile shall contain the following tags:

— o¢ne or more of the following: AToBOTag (see 9.2.1), AToB1Tag (see 9.2.2), AToB2Tag
AToB3Tag (s€e'9:2.4), DToBOTag (see 9.2.76), DToB1Tag (see 9.2.76), DToB2Tag (see 9.2.76
see 9.2.76);

ToA3Tag (see 9.2.41), BToDOTag (see 9.2.42), BToD1Tag (see 9.2.43), BToD2Tag

(see 9.2.3),
see 9.2.78),

(see 9.2.40),
see 9.2.44),

R’ signature
btric and/or
P names are

ee 9.2.81),
9.2.83) may

s of profiles

(see 9.2.3),

), DToB3Tag

(see 9.2.40),
see 9.2.44),

— Ene ormore of the following: BToAOTag (see 9.2.38), BToA1Tag (see 9.2.39), BToA2Tag

TeD3Tag (see 9.2 45)

The colorantinfoTag (9.2.52) is a recommended tag for colour spaces with either an ‘xCLR’ signature
or a signature represented by “ncXXXX”. It enables the names and optionally colorimetric and/or
spectral values of the colorants to be specified for these colour spaces (Table 15), as these names are
not otherwise implicit in the choice of the colour space.

The gamutBoundaryDescriptorOTag (see 9.2.80), gamutBoundaryDescriptorlTag (see 9.2.81),
gamutBoundaryDescriptor2Tag (see 9.2.82) and/or gamutBoundaryDescriptor3Tag (see 9.2.83) may
be included.
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8.6 DeviceLink profile

A device link profile shall contain the following tags:

— profileDescriptionTag (see 9.2.101);

— copyrightTag (see 9.2.55);

— one or more of the following: AToB0Tag (see 9.2.1), DToB0Tag (see 9.2.76).

A profileSequencelnformationTag (see 9.2.102) may be included.

This profile
connection |

The single A
intent used

The data co
space field d
shall be the

If the data
representat
recommend
colorants (]
colorants re

Correspond
representat
is a recomn
output colof
These color

OIlld d
hetween dev1ces It does not represent any device model nor can it be embedded lnto ima

s indicated in the header of the profile.

lour space field (see 7.2.8) in the DeviceLink profile shall be the samé)as the data c
f the first profile in the sequence used to construct the device link. The PCS field (see
same as the data colour space field of the last profile in the sequenee

colour space field is set to xCLR, where x is hexadecimal ‘? to F or has a sign
on of “ncXXXX” where XXXX is hexadecimal 0001 to FFFE the colorantinfoTag (9.2.52
ed tag to specify the names and optionally colorimetric @nd/or spectral values of the

able 15), as these names are not otherwise implicit inthe choice of the colour space. T
present the input values of the profile.

ngly, if the PCS field is set to XxCLR where x is' hexadecimal 1 to F or has a signj
on of “ncXXXX” where XXXX is hexadecimal 9001 to FFFF, the colorantInfoOutTag (9.]
ended tag to specify the names and optionally colorimetric and/or spectral values d
ants (Table 15), as these names are not©therwise implicit in the choice of the colour s
ints represent the output values of the profile.

ToBOTag may contain data for any one of the four possible rendering intents. Therende

blour

7.2.9)

iture
) is a
nput
hese

ture
p.53)
f the
pace.

NOTE The colorantOrderTag ‘clro’ specifies the laydown order of the input colorants, and the
colorantoOrderOutTag specifies the laydown order of the output colorants.

8.7 ColonEncodingSpace profile

A ColorSpaceEncoding profile~[Signature ‘cenc’ (63656e63h)] shall contain the following| tag:
referenceNameTag (see 9.2.103).

A ColorSpadeEncoding profile may also contain a colorEncodingParamsTag and a colorSpaceNanjeTag

defined by t

e following criteria.

encoding param

space encodi

ing.

In the second mode of operation the referenceNameTag contains any text besides “ISO 22028-1"
(quotes excluded). In this case the colorSpaceNameTag defines the colour space name and a
colorEncodingParamsTag may optionally be present. If the colorEncodingParamsTag exists then any
elements in the colorEncodingParamsTag shall provide overrides to the assumed default values for the
encoding space. Any elements not in the colorEncodingParamsTag shall have assumed default values
associated with the colour space encoding.
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ColorSpace profile

dition to the tags listed in 8.2 a ColorSpace profile shall contain the following tags:

— one or more of the following: AToBOTag (see 9.2.1), AToB1Tag (see 9.2.2), AToB2Tag (see 9.2.3),
AToB3Tag (see 9.2.4), DToBOTag (see 9.2.76), DToB1Tag (see 9.2.77), DToB2Tag (see 9.2.78) or
DToB3Tag (see 9.2.79);

one or more of the following: BToAOTag (see 9.2.38), BToA1Tag (see 9.2.39), BToA2Tag (see 9.2.40),

BToA3Tag (see 9.2.41), BToD0Tag (see 9.2.42), BToD1Tag (see 9.2.43), BToD2Tag (see 9.2.44) or
BToD3Tag (see 9.2.45).

This
enco
char
For (

The

gamyitBoundaryDescriptor2Tag (see 9.2.82) and/or gamutBoundaryDescriptor3Tag (see

be in|

8.9

In ad
AToH

This

tranf
emb¢

8.10

In addition to the tags listed in 8.2 a NamedColor profile shall contain the following tag: nar

(see]

Nam
woull
coloy

The pamedColorTag provides a combination of PCS, spectral PCS and optional device repres

each
data
diffe
prov
of th

profile provides the relevant information to perform a transformation bety
dings and the PCS. This type of profile is based on modelling rather than device-ea
hcterization data. ColorSpace profiles may be embedded in images.

olorSpace profiles, the device profile dependent fields are set to zero if irrelevant.

gamutBoundaryDescriptorOTag (see 9.2.80), gamutBoundaryDescriptoriTag (s

cluded.

Abstract profile

dition to the tags listed in 8.2 an abstract profile shall:contain one or more of the fol
0Tag (see 9.2.1), DToBOTag (see 9.2.76).

profile represents an abstract transform and>does not represent any device m
formations using abstract profiles are perfetmed from PCS to PCS. Abstract profilg
bdded in images.

NamedColor profile

.2.99).

edColor profiles can bestheught of as sibling profiles to device profiles. For a given
d be one or more device profiles to handle process colour conversions and one or 1
Ir profiles to handlégamed colours.

named colotin a list of named colours. NamedColor profiles can be device specific
are shaped(for a particular device. There might be multiple NamedColor profiles to
Fent consirmables or multiple named colour vendors. The PCS and spectral PCS represe
ded tg'support general colour management functionality, and are useful for display an
e flamed colours.

reen colour
surement or

ee 9.2.81),
0.2.83) may

lowing tags:

bdel. Colour
s cannot be

nedColorTag

Hevice there
nore named

entation for
in that their
account for
ntations are
d emulation

When using a NamedColor profile with the device for which it is intended, the device representation of
the colour specifies the exact device coordinates for each named colour, if available. The PCS and spectral
PCS representations in conjunction with the device’s output profile can provide an approximation of
these exact coordinates. The exactness of this approximation is a function of the accuracy of the output
profile and the colour management system performing the transformations.

The combination of the PCS, spectral PCS and device representations provides for flexibility with
respect to accuracy and portability.

Additional information about NamedColor profiles can be found in Annex D.
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8.11 MultiplexIdentification profile

In addition to the tags listed in 8.2, a MultiplexIdentification profile shall contain the following tags:

— AToMOTag (see 9.2.6);

— multiplexTypeArrayTag (see 9.2.85).

This profile

8.12 Multi

converts device values into independent multiplex channel values.

plexLink profile

In addition {

MToAO']

multipld
Profiles of tl

This profile
embedded i

o the tags listed in 8.2, a MultiplexIdentification profile shall contain the following tag

[ag (see 9.2.90);
exTypeArrayTag (see 9.2.85).
1is class can optionally provide the following tag: multiplexDefaultValuesTag (see 9.2.§

converts multiplex channel values to device values. Multiplexkink profiles shall n
N images.

8.13 MultiplexVisualization profile

In addition {

one or 1
MToB31
MToS37T

— multiplg
Profiles of t]
This profile

model. Colof
to PCS. Mult

8.14 Precd

8.14.1 Gen

There are s{

o the tags listed in 8.2 a MultiplexVisualization profile>shall contain the following tags;

hore of the following: MToBOTag (see 9.2.91), MToB1Tag (see 9.2.92), MToB2Tag (see 9.4
[ag (see 9.2.94), MToS0Tag (see 9.2.95), MToS1Tag (see 9.2.96), MToS2Tag (see 9.2.97
ag (see 9.2.98);

exTypeArrayTag (see 9.2.85).
nis class can optionally provide thefellowing tag: multiplexDefaultValuesTag (see 9.2.§

represents a visualization of multiplex channel values and does not represent any d
ir transformations using abstract profiles are performed from either MCS to device or
iplexVisualization profites-shall not be embedded in images.

dence order of tag usage

eral

bveral methods of colour transformation that can function within a single CMM. If dat

more than gne method are included in the same profile, the following selection algorithm shall be

by the softw

are implementation.

14

4).

bt be

1.93),
), or

4).

bvice
MCS

a for
used

8.14.2 Input, display, output or colour space profile types

For input, display, output or colour space profile types, the precedence order of the tag usage for PCSXYZ
or PCSLab connection for a designated rendering intent shall be:

a)

designated for the rendering intent if present;

b) use the
c)

d)

use the

use the

32

BToAOTag or AToBOTag if present, when the tags in 1 are not used;
BToA1Tag or AToB1Tag if present, when the tags in 1 and 2 are not used;

BToA3Tag or AToB3Tag if present, when the tags in 1 to 3 are not used.

use the BToAOTag, BToA1Tag, BToA2Tag, BToA3, AToB0Tag, AToB1Tag, AToB2Tag, or AToB3Tag
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See Table 25.

When spectrally-based PCS connection is used and the spectralPCS header field is non-zero, for input,
display, output or colour space profile types, the precedence order of the tag usage for a designated
rendering intent shall be:

1) use the BToD0Tag, BToD1Tag, BToD2Tag, BToD3Tag, DToB0Tag, DToB1Tag, DToB2Tag or DToB3Tag
designated for the rendering intent if the tag is present;

2) use the BToDOTag or DToB0Tag if present, when the tags in 1 are not used;

3) use the BToD1Tag or DToB1Tag if present, when the tags in 1 and 2 are not used;

4) lllse the BToD3Tag or DToB3Tag if present, when the tags in 1 to 3 are not used.

See Table 25.

Whep MCS connection is used for input profile types, the precedence orderCof the tag|usage for a

designated rendering intent shall be: use the AToM0Tag.

8.14{3 Abstract profile types

For gbstract profile types when PCSXYZ or PCSLab connection isiused, the precedence order of the tag

usagg shall be: use the AToB0Tag.

For dbstract profile types when a spectrally-based PCS is used, the precedence order of the tag usage

shallfbe: use the DToB0Tag.

8.14|4 DeviceLink profile types

For the DeviceLink profile type, the precedence‘order of the tag usage shall be: use the AToB0Tag.

8.14{5 MultiplexIldentification profiletypes

For the MultiplexIldentification profile type, the precedence order of the tag usage shalllbe: use the

AToMOTag.

8.14|6 MultiplexLink profile types

For dither the Multiplexldentification profile type or the input type when a device to multiplex channel

trangform is desired,)the precedence order of the tag usage shall be: use the MToAOTag.

8.14{7 MultiplexVisualization profile types

For the MudtiplexVisualization profile type, when a multiplex channel to colorimetric PCS fransform is
desined-with PCSXYZ or PCSLab connection for a designated rendering intent, the precedence order of
the tagusage shalt be:

a)
b)
‘)
d)

use the MToB0Tag, MToB1Tag, MToB2Tag, MToB3Tag designated for the rendering intent if present;
use the MToB0Tag if present, when the tags in 1 are not used;
use the MToB1Tag if present, when the tags in 1 and 2 are not used;

use the MToB3Tag if present, when the tags in 1 to 3 are not used.

For the MultiplexVisualization profile type, when a multiplex channel to spectral PCS transform is
desired using a spectrally-based PCS connection for a designated rendering intent and the spectralPCS
header field is non-zero, the precedence order of the tag usage shall be:

1y

use the MToS0Tag, MToS1Tag, MToS2Tag, MToS3Tag designated for the rendering intent if present;
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4) usethe
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MToS0Tag if present, when the tags in 1 are not used;
MToS1Tag if present, when the tags in 1 and 2 are not used;

MToS3Tag if present, when the tags in 1 to 3 are not used.

8.14.8 MCS to parameter-based BRDF profile table usage

For the MultiplexVisualization profile type, when a MCS to parameter-based BRDF colorimetric
transform is desired with PCSXYZ or PCSLab connection for a designated rendering intent, the

precedence

order of the tag usage shall be:

a) use thd
renderi

b) usethe
c) usethe
d) wusethe

For the Mul
is desired w
header field

1) use the
renderi

2) usethe
3) usethe

4) usethe

8.14.9 BRI

For input, d

brdfMToB0Tag, brdfMToB1Tag, brdfMToB2Tag or brdfMToB3Tag designated, fo;
g intent if present;

brdfMToB0Tag if present, when the tags in 1 are not used;
brdfMToB1Tag if present, when the tags in 1 and 2 are not used;
brdfMToB3Tag if present, when the tags in 1 to 3 are not used.

iplexVisualization profile type, when a MCS to parameter-based.BRDF spectral trans
ith a spectrally-based PCS connection for a designated rendefing intent and the spectr4
is non-zero, the precedence order of the tag shall be:

brdfMToS0Tag, brdfMToS1Tag, brdfMToS2Tag or«brdfMToS3Tag designated foi
hg intent if the tag is present;

brdfMToS0Tag when the tags in 1 are not used;
brdfMToS1Tag when the tags in 1 and 2 are'not used;

brdfMToS3Tag if present, when the tagsin 1 to 3 are not used.

DF profile table usage

desired to

designated rendering intent shall-be:

a) use the|brdfBToAO0Tag, brdfBToA1Tag, brdfBToA2Tag, brdfBToA3, brdfAToB0Tag, brdfAToB
brdfATqB2Tag or brdfAToB3Tag designated for the rendering intent if present;

b) use the prdfBToAQTag or brdfAToB0Tag if present, when the tags in 1 are not used;
c) use the prdfBTeA1Tag or brdfAToB1Tag if present, when the tags in 1 and 2 are not used;
d) use the prdfBToA3Tag or brdfAToB3Tag if present, when the tags in 1 to 3 are not used.

e used, the precedence order of the tag usage for PCSXYZ or PCSLab connection

the

form
IPCS

the

isplay, output or colour space profile types that provide BRDF function tags which are

for a

1 Tag,

When spectrally-based PCS connection is used and the spectralPCS header field is non-zero, for input,
display, output or colour space profile types that provide BRDF tags which are desired to be used, the

precedence order of the tag usage for a designated rendering intent shall be:

1) wuse the brdfBToDOTag, brdfBToD1Tag, brdfBToD2Tag, brdfBToD3Tag, brdfDToB0Tag,
brdfDToB1Tag, brdfDToB2Tag or brdfDToB3Tag designated for the rendering intent if the tag is
present;

2) use the brdfBToD0Tag or brdfDToB0Tag when the tags in 1 are not used;

3) use thebrdf BToD1Tag or brdfDToB1Tag when the tags in 1 and 2 are not used;

4) use the brdfBToA3Tag or brdfDToB3Tag if present, when the tags in 1 to 3 are not used.
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8.14.10Parameter-based BRDF profile table usage

For input, display, output or colour space profile types that provide colorimetric parameter-based BRDF
tags which are desired to be used, the precedence order of the tag usage for a designated rendering
intent shall be:

a)

b)

)
d)

For input, display, output or colour space profile types that provide spectral parameter-
tags
the tag usage for a designated rendering intent shall be:

1) Wyise the brdfSpectralParameterOTag, brdfSpectralParameter1Tag, brdfSpectralPar
rdfSpectralParameter3Tag designated for the rendering intentif the tag is present;

2) use the brdfSpectralParameter0Tag when the tags in 1 arefnpt used;

3) ise the brdfSpectralParameter1Tag when the tags in 1:and 2 are not used;

4) ise the brdfSpectralParameter3Tag if present, when the tags in 1 to 3 are not used.

8.14|11Directional profile table usage

For ihput, display, output or colour space profile types that provide directional tags which
to bd
rendpring intent shall be:

a)

b)

‘)
d)

Wheh spectrally-based PCS connection is used and the spectralPCS header field is non-zej
displlay,6utput or colour space profile types that provide BRDF tags which are desired to
precedence order of the tag usage for a designated rendering intent shall be:

1y

2)
3)
4)

use the brdfColorimetricParameter0Tag,
brdfColorimetricParameter2Tag, brdfColorimetricParameter3Tag, designated for th
intent if present;

use the brdfColorimetricParameter0Tag if present, when the tags in 1 are not used;

brdfColorimetricParameter1Tag,

e rendering

se the brdfColorimetricParameter1Tag if present, when the tags in 1 and 2 are not usg

se the brdfColorimetricParameter3Tag if present, when the tags in 1 to 3 are notused.

hich are desired to be used and the spectralPCS header field is non-zero;the precedg

used, the precedence order of the tag usage for PCSXYZ or PCSLab connection for &

se the directionalBToAOTag,. directionalBToA1Tag, directionalBToA2Tag, direct]
irectionalAToBOTag, djréctionalAToB1Tag, directionalAToB2Tag or direction
esignated for the rendering intent if present;

se the directionalBTeA0Tag or directional AToBOTag if present, when the tags in 1 are
se the directionalBToA1Tag or directional AToB1Tag if present, when the tags in 1 and 2

se the directionalBToA3Tag or directional AToB3Tag if present, when the tagsin 1 to 3 §

d;

based BRDF
nce order of

hmeter2Tag,

are desired
designated

ionalBToA3,
alAToB3Tag

not used;
hire not used;
ire not used.

o, for input,
be used, the

use the directionalBToD0Tag, directionalBToD1Tag, directionalBToD2Tag, directionalBToD3Tag,

directionalDToB0Tag, directionalDToB1Tag, directionalDToB2Tag or direction

designated for the rendering intent if the tag is present;

use the directionalBToD0Tag or directional DToBOTag when the tags in 1 are not used;

alDToB3Tag

use thedirectional BToD1Tag or directionalDToB1Tag when the tags in 1 and 2 are not used;

use the directionalBToD3Tag or directional DToB3Tag if present, when the tags in 1 to 3 are not used.
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9 Tag definitions

9.1 General

The public tags defined by extended ICC profiles conforming to this document are listed in 9.2 in
alphabetical order. All tags, including private tags, have as their first four bytes a tag signature to
identify to profile readers what kind of data are contained within a tag. Each entry in 9.2 contains the
tag signatures that shall be used for that tag, the permitted tag types for each tag (see Clause 10) and a
brief description of the purpose of each tag.

These individual tags are used to create all possible profiles. The tag signature indicates only the type
of data and foes not imply anything about the use or purpose for which the data are intended. Glatise 8
specifies th¢ tags that shall be included for each type of profile. Any other tag in 9.2 may be used s an
optional tag as long as they are not specifically excluded in the definition of a profile class.

The interpretation of some tags is context dependent. This dependency is described in.Table 25 which
provides a simmary of the rendering intent associated with each of the main profile-¢lasses and mqdels.
The term "undefined" means that the use of the tag in that situation is not specified by the ICC. Th ICC
recommendp that such tags not be included in profiles. If the tag is present, its-uSe is implementhtion
dependent. In general, the BToAxTags represent the inverse operation of the AToBxTags, and DToAxTags
represent the inverse of AToDxTags.

9.2 Specific tag listing

9.2.1 AToBO0Tag
Tag signatuye: ‘A2B0’ (41324230h).
Permitted tag types: lutAToBType or multiProcessElementsType.

This tag deflines a colour transform from Device,.Colour Encoding or colorimetric PCS, to colorimetric
PCS, or a cdlour transform from Device 1 tosDevice 2, using lookup table tag element structurps or
a multiProcessElementsType transform. For-most profile classes it defines the transform to achieve
colorimetrig-based perceptual rendering\(see Table 25). The processing mechanisms are describged in
lutAToBTypg or multiProcessElementsType (see 10.2.12 and 10.2.16).

Table 25 — Profile classes and defined AToBx rendering intents

Profile class AToBO0Tag AToB1Tag AToB2Tag AToB3Tag

Input Device to col- |Device to col- Device to col- Device to col-
orimetric PCS: |orimetric PCS: |orimetric PCS: orimetric PCS:
perceptual media relative |saturation absolute

Displpy Device to col- |Device to col- Device to col- Device to col-
orimetric PCS: |orimetric PCS: |orimetric PCS: orimetric PCS:
perceptual media relative [saturation absolute

Output Device to col- |Device to col- Device to col- Device to col-
orimetric PCS: |orimetric PCS: |orimetric PCS: orimetric PCS:
perceptual media relative |saturation absolute

ColorSpace Colour encod- |Colour encoding |Colour encoding |Colour encoding
ing to color- to colorimet- to colorimetric  |to colorimetric
imetric PCS: ric PCS: media |PCS: saturation |PCS: absolute
perceptual relative

Abstract Colorimetric  |Undefined Undefined Undefined
PCS to colori-
metric PCS

DeviceLink Device 1 to Undefined Undefined Undefined
Device2

36
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Table 25 (continued)

Profile class AToBO0Tag AToB1Tag AToB2Tag AToB3Tag
NamedColor Undefined Undefined Undefined Undefined
ColorEncodingSpace Undefined Undefined Undefined Undefined
MultiplexIdentification |Undefined Undefined Undefined Undefined
MultiplexLink Undefined Undefined Undefined Undefined
MultiplexVisualization |Undefined Undefined Undefined Undefined

9.2 AToB1Tag

Tag qignature: ‘A2B1’ (41324231h).
Pernjitted tag types: lutAToBType or multiProcessElementsType.

This|tag describes the colour transform from Device or Colour Encoding to\eolorimetrig-based PCS
using lookup table tag element structures. For most profile classes, it defines-the transform to achieve
cololfimetric rendering (see Table 25). The processing mechanisms are\described in lut4ToBType or
multjProcessElementsType (see 10.2.12 and 10.2.16).

If thils tag is not present then relative colorimetric processing shall be performed by using the absolute
coloniimetric AToB3Tag and then adjusting the colorimetric PCSwalues by the media white point.

9.2.3 AToB2Tag
Tag dignature: ‘A2B2’ (41324232h).
Pernjitted tag types: lutAToBType or multiProcessElementsType.

This|tag describes the colour transform frém Device or Colour Encoding to colorimetrig-based PCS
using lookup table tag element structuresi-For most profile classes, it defines the transforin to achieve
saturation rendering (see Table 25).‘The processing mechanisms are described in lutAToBType or
multfProcessElementsType (see 10.13-and 10.17).

9.2.4 AToB3Tag
Tag dignature: ‘A2B3’ (41324233h).
Pernjitted tag types: lutAToBType or multiProcessElementsType.

This|tag describés the colour transform from Device or Colour Encoding to colorimetric-based
PCS psing logkup table tag element structures. For most profile classes, it defines the transform to
achigve absolute colorimetric rendering (see Table 25). The processing mechanisms are flescribed in
lutAToBAype or multiProcessElementsType (see 10.2.12 and 10.2.16).

If thi tagtsnotpresent thenrabsotutecotorimetric processing shattbe pet formed b_y usitrg the relative
colorimetric AToB1Tag and then adjusting the colorimetric PCS values by the media white point.

9.2.5 AToMO0Tag
Tag signature: ‘A2M0’ (41324d30h).
Permitted tag type: multiProcessElementsType.

This tag provides a transformation using a multiProcessElementsType (see Clause 11) tag that converts
from device channel values to multiplex channel values.

The number of data channels provided to the transform shall match the number of channels defined by
the deviceColor field in the Profile header.
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The number of data channels resulting from the transform shall match the number of channels
associated with the MCS field in the Profile header. MCS connection shall result in multiplex channel
values for channels with matching multiplex channel identifications (see 9.2.85) being passed to the

appropriate

Channels in

MCS transform in the connecting profile.

an AToM0Tag that have no match in the connecting profile MCS shall be ignored.

9.2.6 brdfColorimetricParameter0Tag

Tag signature: ‘bcp0’ (62637030h).

Permitted t

This tag def
a BRDF mo
colorimetrid

d de e Filaal e 1 SL0 £ ol .
He LY PES. ULdgoll ULy pT Uty pC DI UL TTAIISTUT IO UL TtUrc,

ines a BRDF model and its parameters for perceptual rendering. Specifically, it'desc
el that transforms viewing angle, lighting angle, and Device or Colour Encoding t
-based PCS specified by the PCS field in the profile header.

For the trapsform subtag of this structure, the number of input channels shall he-the same a

number of ¢

The numbe
monochrom
defined by f
number of g
by the PCS s

9.2.7 brd

Tag signatur

Permitted t;

This tag de
Specifically,
Colour Enco

hannels implied by the colorSpace signature in the profile header.

e type models the output of the transform subtag shall be(the number of param
he BRDF model type. For chromatic type models the numbet of output values shall b
arameters defined by the BRDF model type multiplied by the number of channels im
ignature in the profile header.

fColorimetricParameter1Tag
e: ‘bcpl’ (62637031h).
g types: tagStructType of type brdfTransformStructure.

ines a BRDF model and its parameéters for media-relative colorimetric intent rends
it describes a BRDF model that transforms viewing angle, lighting angle, and Devi
ding to the colorimetric-based PCS specified by the PCS field in the profile header.

For the trapsform subtag of this structure, the number of input channels shall be the same a

number of ¢

The numbe

hannels implied by the celorSpace signature in the profile header.

monochromle type models~thé output of the transform subtag shall be the number of param

defined by f
number of
by the PCS s

9.2.8 brd

he BRDF maedeltype. For chromatic type models the number of output values shall b
arameters'defined by the BRDF model type multiplied by the number of channels im
ignature’in the profile header.

fColorimetricParameter2Tag

" of output channels of the transform subtag depends on the.type of BRDF model.

" of output channels of the transform subtag depends on the type of BRDF model.

ribes
b the

5 the

For
eters
e the
plied

ring.
Ce or

5 the

For
pters
e the
plied

Tag signature: ‘bcp2’ (62637032h).

Permitted tag types: tagStructType of type brdfTransformStructure.

This tag defines a BRDF model and its parameters for colorimetric saturation intent rendering.
Specifically, it describes a BRDF model that transforms viewing angle, lighting angle, and Device or
Colour Encoding to the colorimetric-based PCS specified by the PCS field in the profile header.

For the transform subtag of this structure, the number of input channels shall be the same as the
number of channels implied by the colorSpace signature in the profile header.

The number of output channels of the transform subtag depends on the type of BRDF model. For
monochrome type models the output of the transform subtag shall be the number of parameters
defined by the BRDF model type. For chromatic type models the number of output values shall be the
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number of parameters defined by the BRDF model type multiplied by the number of channels implied
by the PCS signature in the profile header.

9.2.9 brdfColorimetricParameter3Tag

Tag signature: ‘bcp3’ (62637033h).

Permitted tag types: tagStructType of type brdfTransformStructure.

This tag defines a BRDF model and its parameters for absolute intent rendering. Specifically, it describes
a BRDF model that transforms viewing angle, lighting angle, and Device or Colour Encoding to the

colonimetricbasedPES bpcuificd by the PESfietdimthe 328 ofttereader:

For fhe transform subtag of this structure, the number of input channels shall bethe fame as the
number of channels implied by the colorSpace signature in the profile header.

The pumber of output channels of the transform subtag depends on the type of BRDH model. For
mondchrome type models the output of the transform subtag shall be the’number of|parameters
defirled by the BRDF model type. For chromatic type models the number-oef output values|shall be the
number of parameters defined by the BRDF model type multiplied by the number of chanpels implied
by the PCS signature in the profile header.

9.2.10 brdfSpectralParameterOTag

Tag qignature: ‘bsp0’ (62737030h).

Pernjitted tag types: tagStructType of type brdf TransfofmStructure.

This|tag defines a BRDF model and its parameters*for perceptual rendering. Specifically,|it describes
a BRDF model that transforms viewing angle)lighting angle, and Device or Colour Encgding to the
spectral-based PCS specified by the PCS fieldin the profile header.

For the transform subtag of this structure, the number of input channels shall be the same as the
number of channels implied by the cdlorSpace signature in the profile header.

The pumber of output channels.0f the subtag transform depends on the type of BRDH model. For
mongchrome type models the_output of the transform subtag shall be the number of|parameters
definled by the BRDF model type. For chromatic type models the number of output values|shall be the
number of parameters defined by the BRDF model type multiplied by the number of chanpels implied
by the spectral PCS sighature in the profile header.

9.2.11 brdfSpectralParameter1Tag

Tag dignature:*bspl’ (62737031h).

Pernjitted tag types: tagStructType of type brdfTransformStructure.

This tag defines a BRDF model and its parameters for media-relative intent rendering. Specifically, it
describes a BRDF model that transforms viewing angle, lighting angle, and Device or Colour Encoding
to the spectral-based PCS specified by the PCS field in the profile header.

For the transform subtag of this structure, the number of input channels shall be the same as the
number of channels implied by the colorSpace signature in the profile header.

The number of output channels of the subtag transform depends on the type of BRDF model. For
monochrome type models the output of the transform subtag shall be the number of parameters
defined by the BRDF model type. For chromatic type models the number of output values shall be the
number of parameters defined by the BRDF model type multiplied by the number of channels implied
by the spectral PCS signature in the profile header.
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9.2.12 brdfSpectralParameter2Tag

Tag signature: ‘bsp2’ (62737032h).

Permitted tag types: tagStructType of type brdfTransformStructure.

This tag defines a BRDF model and its parameters for saturation intent rendering. Specifically, it
describes a BRDF model that transforms viewing angle, lighting angle, and Device or Colour Encoding
to the spectral-based PCS specified by the PCS field in the profile header.

For the transform subtag of this structure, the number of input channels shall be the same as the

number of ¢

hannels implied by the colorSpace signature in the profile header.

The numbe
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impliéd by the colorSpace signature in the profile header. The order and encoding d

BRDF and d

bvice channels provided to the multiProcessElementType are shown in Table 26.

he BRDF model type. For chromatic type models the number of output valués shall be the
arameters defined by the BRDF model type multiplied by the number of channels implied

5 the

" of output channels of the subtag transformi, depends on the type of BRDF model. For
e type models the output of the transforfiy subtag shall be the number of paramgters
he BRDF model type. For chromatic type models the number of output values shall be the
arameters defined by the BRDF modeltype multiplied by the number of channels implied
ral PCS signature in the profile header:

fAToB0Tag

e: ‘bABO’ (62414230 h),

g types: multiProcessElementType.

nes the transformbto achieve perceptual intent rendering in relation to viewing and lighting

ifically, it describes the colour transform from viewing angle, lighting angle, and Device or

mber
f the

Table 26 — BRDF device channel encoding

Inpu_t channel Channel identification Encoding type
index

0 Viewing azimuth angle ®r azimuthNumber

1 Viewing zenith angle Or zenithNumber

2 Lighting azimuth angle @i azimuthNumber

3 Lighting zenith angle 0i zenithNumber
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Table 26 (continued)
lnpu.t channel Channel identification Encoding type
index
4 Device channel 0
4+N Device channel N-1

The output channels are defined by the encoding implied by the PCS field in the profile header.
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9.2.17 brdfAToB3Tag

Tag signature: ‘bAB3’ (62414233h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve absolute intent rendering in relation to viewing and lighting
angles. Specifically, it describes the colour transform from viewing angle, lighting angle, and Device or
Colour Encoding to the colorimetric-based PCS specified by the PCS field in the profile header.

The number of input channels to this multiProcessElementsType-based tag shall be four plus the
number of channels implied by the colorSpace signature in the profile header. The order and encoding
of the BRDF and device channels provided to the multiProcessElementType are shown in Table 26.
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The output channels are defined by the encoding implied by the PCS field in the profile header.

If this tag is not present then relative BRDF-based colorimetric processing shall be performed by using
the relative colorimetric brdfAToB1Tag and then adjusting the colorimetric PCS values by the media
white point.

9.2.18 brdfBToA0Tag
Tag signature: ‘bBAOQ’ (62424130 h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve perceptual intent rendering in relation to viewing and
lighting anglles. Specifically, it describes the colour transform from viewing angle, lighting @ngle, and
colorimetrig¢-based PCS specified by the PCS field in the profile header to Device or Colour, Eneodinig.

This use of this tag is not defined when the PCS field in the profile header is set to zerd;

The number of input channels to the multiProcessElementsType-based tag shall’be four plug the
number of ghannels defined by the encoding implied by the PCS field in the profile header. The ¢rder
and encoding of the BRDF and device channels provided to the multiProcessElementType are shown in
Table 27.

Table 27 — BRDF colorimetric encoding

Inp u_t channel Channel identification Encoding type
index

0 Viewing azimuth angle ®r azimuthNumber

1 Viewing zenith angle Or zenithNumber

2 Lighting azimuth angle ®i azimuthNumber

3 Lighting zenith angle 6i zenithNumber

4 PCS channel 0

44N PCS channel N-1

The number of output channels-shall be the number of device channels defined by the color§pace
signature in| the profile header:.

9.2.19 brdfBToA1Tag
Tag signatuye: ‘bBAY(62424131h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve media-relative colarimetric intent rendering in relation to
viewing and lighting angles. Specifically, it describes the colour transform from viewing angle, lighting
angle, and colorimetric-based PCS specified by the PCS field in the profile header to Device or Colour
Encoding.

This use of this tag is not defined when the PCS field in the profile header is set to zero.

The number of input channels to the multiProcessElementsType-based tag shall be four plus the
number of channels defined by the encoding implied by the PCS field in the profile header. The order
and encoding of the BRDF and device channels provided to the multiProcessElementType are shown in
Table 27.

The output channels shall be the number of device channels defined by the colorSpace signature in the
profile header.

42 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

IS0 20677:2019(E)

If this tag is not present then relative BRDF-based colorimetric processing shall be performed by first
adjusting the colorimetric PCS values by the media white point and then using the absolute colorimetric

brdfBToA3Tag.

9.2.20 brdfBToA2Tag

Tags

ignature: ‘bBA2’ (62424132h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve saturation intent rendering in relation to viewing and
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9.2.22 brdfBToD0Tag

Tag signature: ‘bBD0’ (62424430 h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve perceptual intent rendering in relation to viewing and
lighting angles. Specifically, it describes the colour transform from viewing angle, lighting angle, and
the spectral-based PCS specified by the spectralPCS field in the profile header to Device or Colour
Encoding.

This use of this tag is not defined when the spectralPCS field in the profile header is set to zero.
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The number of input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels defined by the encoding implied by the spectralPCS field in the profile header. The order
and encoding of the BRDF and device channels provided to the multiProcessElementType are shown in

Table 28.

Table 28 — BRDF spectral encoding

Inpu_t channel Channel identification Encoding type
index
0 Viewing azimuth angle ®r azimuthNumber
1 Viewingzenith-angle 8¢ zenithNumber
2 Lighting azimuth angle ®i azimuthNumber
3 Lighting zenith angle 6i zenithNumber
4 Spectral PCS channel 0
4+N| Spectral PCS channel N-1
The output|channels shall be the number of channels implied by the colerSpace signature in the
profile header.
9.2.23 brdfBToD1Tag
Tag signatuye: ‘bBD1’ (62424431h).
Permitted tfg types: multiProcessElementType.
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channels shall bevthe number of channels implied by the colorSpace signature in the

first
plute

9.2.24 brd

BToD2Tag

Tag signature: ‘bBD2’ (62424432h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve saturation intent rendering in relation to viewing and lighting
angles. Specifically, it describes the colour transform from viewing angle, lighting angle, and the
spectral-based PCS specified by the spectralPCS field in the profile header to Device or Colour Encoding.

This use of this tag is not defined when the spectralPCS field in the profile header is set to zero.

The number of input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels defined by the encoding implied by the spectralPCS field in the profile header. The order
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and encoding of the BRDF and device channels provided to the multiProcessElementType are shown in
Table 28.

The output channels shall be the number of channels implied by the colorSpace signature in the
profile header.

The output channels are defined by the encoding implied by the spectralPCS field in the profile header.

9.2.25 brdfBToD3Tag

Tag signature: ‘bBD3’ (62424433h).
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9.2.27 brdfDToB1Tag

Tag signature: ‘bDB1’ (62444231h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve relative intent rendering in relation to viewing and lighting
angles. Specifically, it describes the colour transform from viewing angle, lighting angle, and Device or
Colour Encoding to the spectral-based PCS specified by the spectralPCS field in the profile.

This

© ISO

use of this tag is not defined when the spectralPCS tag is set to zero.
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The number of input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels implied by the colorSpace signature in the profile header. The order and encoding of the
BRDF and device channels provided to the multiProcessElementType are shown in Table 26.

The output channels are defined by the encoding implied by the spectralPCS field in the profile header.

If this tag is not present then relative BRDF-based spectral processing shall be performed by using the

absolute brdfDToB3Tag and then adjusting the spectral PCS values by the spectral media white point.
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9.2.30 brdfMToBO0Tag

Tag signature: ‘bMBO0’ (624d4230h).

Permitted tag types: tagStructType of type brdfTransformStructure.

This tag defines a BRDF model and its parameters for perceptual intent rendering using multiplex channels
as input. Specifically, it describes a BRDF model that transforms viewing angle, lighting angle, and Device
or Colour Encoding to the colorimetric-based PCS specified by the PCS field in the profile header.

For the transform subtag of this structure, the number of input channels shall be the same as the
number of channels implied by the MCS signature in the profile header.
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The number of output channels of the transform subtag depends on the type of BRDF model. For
monochrome type models the output of the transform subtag shall be the number of parameters
defined by the BRDF model type. For chromatic type models the number of output values shall be the
number of parameters defined by the BRDF model type multiplied by the number of channels implied

by the PCS signature in the profile header.

9.2.31 brdfMToB1Tag

Tag signature: ‘bMB1’ (624d4231h).

Permitted tag types: tagStructType of type brdfTransformStructure.
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Permitted tag types: tagStructType of type brdfTransformStructure.

This tag defines a BRDF model and its parameters for absolute-colorimetric rendering using multiplex
channels as input. Specifically, it describes a BRDF model that transforms viewing angle, lighting
angle, and Device or Colour Encoding to the colorimetric-based PCS specified by the PCS field in the
profile header.

For the transform subtag of this structure, the number of input channels shall be the same as the
number of channels implied by the MCS signature in the profile header.

The number of output channels of the transform subtag depends on the type of BRDF model. For
monochrome type models the output of the transform subtag shall be the number of parameters
defined by the BRDF model type. For chromatic type models the number of output values shall be the
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number of parameters defined by the BRDF model type multiplied by the number of channels implied

by the PCS s

ignature in the profile header.

9.2.34 brdfMToSOTag

Tag signature: ‘bMS0’ (624d5330h).

Permitted tag types: tagStructType of type brdfTransformStructure.

This tag defines a BRDF model and its parameters for perceptual intent rendering using multiplex channels
as input. Specifically, it describes a BRDF model that transforms viewing angle, lighting angle, and Device

or Colour Er
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Tag signature: ‘bMS2’ (624d5332h).

Permitted tag types: tagStructType of type brdfTransformStructure.

This tag defines a BRDF model and its parameters for saturation intent rendering using multiplex channels
as input. Specifically, it describes a BRDF model that transforms viewing angle, lighting angle, and Device
or Colour Encoding to the spectral-based PCS specified by the spectralPCS field in the profile header.

This use of this tag is not defined when the spectralPCS tag is set to zero.

For the transform subtag of this structure, the number of input channels shall be the same as the
number of channels implied by the MCS signature in the profile header.
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The number of output channels of the transform subtag depends on the type of BRDF model. For
monochrome type models the output of the transform subtag shall be the number of parameters
defined by the BRDF model type. For chromatic type models the number of output values shall be the
number of parameters defined by the BRDF model type multiplied by the number of channels implied
by the PCS signature in the profile header.

9.2.37 brdfMToS3Tag

Tag signature: ‘bMS3’ (624d5333h).

Permitted tag types: tagStructType of type brdfTransformStructure.

This
inpu
or Cd

This

For 1
num

The
mon
defin
num
by th

9.2.3
Tag 3
Pern

This
using

. Specifically, it describes a BRDF model that transforms viewing angle, lighting@ngle
lour Encoding to the spectral-based PCS specified by the spectralPCS field inthe/profi

use of this tag is not defined when the spectralPCS tag is set to zero.

he transform subtag of this structure, the number of input channels“shall be the
per of channels implied by the MCS signature in the profile header.

number of output channels of the transform subtag dependSJon the type of BRDH
bchrome type models the output of the transform subtag<shall be the number of
ed by the BRDF model type. For chromatic type modelsth€ number of output values
ber of parameters defined by the BRDF model type multiplied by the number of chan

tag defines a BRDF model and its parameters for perceptual rendering using multiplex channels as

and Device
le header.

bame as the

model. For
parameters
shall be the

nels implied

8 BToAOTag

e PCS signature in the profile header.

ignature: ‘B2A0’ (42324130h).

itted tag types: lutBToAType or multiProcessElementsType.

tag defines a colour transform from a colorimetric-based PCS to Device or Coloyir Encoding
r the lookup table tag elemerit structures or multiProcessElementsType transforms. For most

profille classes, it defines the trafiisform to achieve perceptual rendering (see Table 29). The¢ processing

mech

Table 29— Profile classes and defined BToAx rendering intents

lanisms are described in-lutBToAType or multiProcessElementsType (see 10.2.13 and 10.2.16).

© ISO

Profile class BToAOTag BToA1Tag BToA2Tag BToA3Tap
Input Colorimetric Colorimetric Colorimetric Colorimetric
PCS to device: |PCStodevice: |PCStodevice: |PCS to device:
perceptual media relative |saturation absolute
Display Colorimetric Colorimetric Colorimetric Colorimetric
PCS to device: |PCStodevice: |PCStodevice: |PCS to device:
perceptual mediarelative |saturation absolute
Output Colorimetric Colorimetric Colorimetric Colorimetric
PCS to device: |PCSto device: |PCSto device: |PCS to device:
perceptual media relative |saturation absolute
ColorSpace Colorimetric Colorimetric Colorimetric Colorimetric PCS
PCS to colour PCS to colour |PCSto colour |to colour encod-
encoding: per- |encoding: col- |encoding: satu- |ing: saturation
ceptual orimetric ration
Abstract Undefined Undefined Undefined Undefined
DeviceLink Undefined Undefined Undefined Undefined
NamedColor Undefined Undefined Undefined Undefined
ColorEncodingSpace Undefined Undefined Undefined Undefined

2019 - All rights reserved
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Table 29 (continued)

Profile class BToAOTag BToA1Tag BToA2Tag BToA3Tag
MultiplexIdentification |Undefined Undefined Undefined Undefined
MultiplexLink Undefined Undefined Undefined Undefined
MultiplexVisualization |Undefined Undefined Undefined Undefined

9.2.39 BToA1Tag

Tag signature: ‘B2A1’ (42324131h).

Permitted t

This tag def]
the lookup
classes, it ddg
mechanismj

If this tag i
colorimetrid

9.2.40 BTo
Tag signatul
Permitted t{

This tag de
using the Id
profile clasg
mechanismj

9.2.41 BTo

Tag signatur

Permitted t{

This tag de
using the Id
profile clasg
processing 1
10.2.16).

If this tag i

hg types: lutBToAType or multiProcessElementsType.

table tag element structures or multiProcessElementsType transforms. Fer\most pi
fines the transform to achieve relative colorimetric rendering (see Table 29}« The proce

5 not present then relative colorimetric processing shall be performed by adjustin
PCS values by the media white point and then using the absolute ¢olorimetric BToA3']

A2Tag
re: ‘B2A2’ (42324132h).
g types: lutBToAType or multiProcessElementsType.

fines a colour transform from a colorimetri¢-based PCS to Device or Colour Encq
okup table tag element structures or multiProcessElementsType transforms. For
es, it defines the transform to achieve saturation rendering (see Table 29). The proce
are described in or lutBToAType or multiProcessElementsType (see 10.2.13 and 10.2.

are described in lutBToAType or multiProcessElementsType (see 10.2/3.and 10.2.16].

ines a colour transform from a colorimetric-based PCS to Device or Colour Encoding fising

rofile
5sing

b the
lag.

ding

most
5sing
L6).

A3Tag
e: ‘B2A3’ (42324133h).
g types: lutBToAType or-multiProcessElementsType.

fines a colour transform from a colorimetric-based PCS to Device or Colour Encg
okup table tag.element structures or multiProcessElementsType transforms. For
es, it defines’theé transform to achieve absolute colorimetric rendering (see Table 29)
mechanisms are described in lutBToAType or multiProcessElementsType (see 10.2.13

b nOt present then absolute colorimetric processing shall be performed by adjustin

colorimetriq

ding
most
The
b and

b the

PCS values by the media white point and then using the relative colorimetric BToA1T:

1S,

9.2.42 BTo

DOTag

Tag signature ‘B2D0’ (42324430h).

Permitted tag types: multiProcessElementsType.

This tag defines a colour transform from a spectrally-based PCS (determined by the spectralPCS and
PCS fields in the header) to Device. The spectralPCS header field shall be non-zero when this tag is
present. This tag defines a spectrally-based PCS-to-device transform with the spectral PCS defined
by the spectralPCS, spectralRange, and biSpectralRange fields in the profile header. It supports
float32Number-encoded input range, output range and transform. As with the BToAOTag, it defines a
transform to achieve a perceptual rendering (see Table 30). The processing mechanism is described in
multiProcessElementsType (see 10.2.16).
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Table 30 — Profile classes and defined BToDx rendering intents

Profile class BToDO0Tag BToD1Tag BToD2Tag BToD3Tag

Input Spectral PCSto |Spectral PCSto |[Spectral PCSto |Spectral PCS to
device: percep- |device: media |device: satura- |device: absolute
tual relative tion

Display Spectral PCSto |Spectral PCSto |[Spectral PCSto |Spectral PCS to
device: percep- |device: media |device: satura- |device: absolute
tual relative tion

Output Spectral PCSto |Spectral PCSto |[Spectral PCSto |Spectral PCS to
device: percep- |device: media device: satura- |device: absolute
tual relative tion

ColorSpace Spectral PCSto |Spectral PCSto |[Spectral PCSto |Spectral PC} to
colour encod-  |colour encoding:|colour encod- |colour,e€ncof-
ing: perceptual |colorimetric ing: saturation |ing: saturatjon

Abstract Undefined Undefined Undefined Undefined

DeviceLink Undefined Undefined Undefined Undefined

NamedColor Undefined Undefined Undefined Undefined

ColorEncodingSpace Undefined Undefined Undefined Undefined

MultiplexIdentification |Undefined Undefined Undefined Undefined

MultiplexLink Undefined Undefined Undefined Undefined

MultiplexVisualization |Undefined Undefined Undefined Undefined

9.2.43 BToD1Tag
Tag qignature ‘B2D1’ (42324431h).
Pernjitted tag types: multiProcessElementsType.

This|tag defines a colour transform fremya spectrally-based PCS (determined by the spedtralPCS and
PCS fields in the header) to Device.(The spectralPCS header field shall be non-zero when this tag is
present. This tag defines a spectrally-based PCS to device transform with the spectral PCS defined
by the spectralPCS, spectralRange, and biSpectralRange fields in the profile header.|It supports
floatB2Number-encoded inputrange, output range and transform. As with the BToAOTag] it defines a
trangform to achieve a mediaTelative rendering (see Table 30). The processing mechanism/|is described
in myltiProcessElementsType (see 10.2.16).

If this tag is not preSent then relative processing shall be performed by adjusting the PCS values by the
media white point’and then using the absolute rendering BToD3Tag.

9.2.44 BTeD2Tag
Tag dighature ‘B2D2’ (42324432h).

Permitted tag types: multiProcessElementsType.

This tag defines a colour transform from a spectrally-based PCS (determined by the spectralPCS and
PCS fields in the header) to Device. The spectralPCS header field shall be non-zero when this tag is
present. This tag defines a spectrally-based PCS to device transform with the spectral PCS defined
by the spectralPCS, spectralRange, and biSpectralRange fields in the profile header. It supports
float32Number-encoded input range, output range and transform. As with the BToAOTag, it defines a
transform to achieve a saturation rendering (see Table 30). The processing mechanism is described in
multiProcessElementsType (see 10.2.16).

9.2.45 BToD3Tag
Tag signature ‘B2D3’ (42324433h).
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Permitted tag types: multiProcessElementsType.

This tag defines a colour transform from a spectrally-based PCS (determined by the spectralPCS and
PCS fields in the header) to Device. The spectralPCS header field shall be non-zero when this tag is
present. This tag defines a spectrally-based PCS to device transform with the spectral PCS defined
by the spectralPCS, spectralRange, and biSpectralRange fields in the profile header. It supports
float32Number-encoded input range, output range and transform. As with the BToAOTag, it defines a
transform to achieve an absolute rendering (see Table 30). The processing mechanism is described in
multiProcessElementsType (see 10.2.16).

If this tag is not present then absolute processing shall be performed by adjusting the PCS values by the
media whit

1t Jd il H £l lods A | H RTDDAT
lJUlllL dllU LIITIT uouls LIIc 1Tidtlive TTIIUTT llls D IUULIGE-

9.2.46 caliprationDateTimeTag

Tag signatuye: ‘calt’ (63616C74h).

Permitted tag type: dateTimeType.

Profile calibfration date and time. This allows applications and utilities to verif§#if this profile matches a

vendor’s prafile and how recently calibration has been performed.

9.2.47 charTargetTag

Tag signatuye: ‘targ’ (74617267h).

Permitted tag type: utf8Type or utf8ZipType.

ment
y the
ance

This tag con
data for a d
underlying
against the

tains the name of the registered characterization data set, or it contains the measure
haracterization target. This tag is providéd so that distributed utilities can identif’
characterization data, create transforms "on the fly" or check the current performni
priginal device performance.

The first seyen characters of the text shall identify the nature of the characterization data.

If the first
followed by
maintained

seven characters are "I[CCHDAT", then the remainder of the text shall be a single 4pace
the Reference Name of a.characterization data set in the Characterization Data Registry
by ICC, and terminated with a NULL byte (00h). The Reference Name in the text shall match
bsite

exactly (inc

(http://ww

If the first s
tag embeds
identifying

determine
targets usin

uding case) the Referénce Name in the registry, which may be found on the ICC we
v.color.org).

even characters’ match one of the identifiers defined in an ANSI or ISO standard, the
the exact.data file format defined in that standard. Each of these file formats contaij
characterstring as the first seven characters of the format, allowing an external parg

h the
1S an
er to

vhichtdata file format is being used. This provides the facilities to include a wide ranfge of

F a variety of measurement specifications in a standard manner.

9.2.48 colorEncodingParamsTag

Tag Signature: ‘cept’ (63657074h).

Tag Type: ta

gStructType of type colorEncodingParamsStructure.

The colorEncodingParamsTag is defined using a colorEncodingParamsStructure. Element members in
this structure are assumed to be overrides of parameters assumed by the encoding reference name.

9.2.49 colorSpaceNameTag

Tag Signature: 'csnm' (63736e6dh).

Tag Type: utf8Type.
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This tag defines the reference name for the three component colour encoding when the profile uniquely
defines all the necessary parameters for the encoding. This occurs when the referenceNameTag solely
contains the text “ISO 22028-1" (quotes excluded).

If the referenceNameTag does not solely contain the text “ISO 22028-1" then the colorSpaceNameTag
shall contain the same text as the referenceNameTag (if the profile is present).

9.2.50 colorantOrderTag
Tag signature: ‘clro’ (636C726Fh).

P LR de 1 e W | Lanl
ernpretea tdg Ly PpC. LUIUT AIITUTUCT Ty PC.

This|tag specifies the laydown order of colorants associated with the data colour space| field in the
profile header (see 7.2.8) when the data colour space field is either an xCLR where x/is a hexadecimal
valug from 1 to F, or has a signature representation of “ncXXXX” where X is a hexadecimal yalue from 1
to FHFF.

9.2.91 colorantOrderOutTag
Tag dignature: 'cloo’ (636¢6f6fh).
Pernjitted tag type: colorantOrderType.

This|[tag specifies the laydown order of colorants associated with the PCS field in the prpfile header
(see [£.2.8) when the PCS field is either an XCLR where x\is a hexadecimal value from 1 tp F, or has a
signdture representation of “ncXXXX” where X is a hexadecimal value from 1 to FFFF. Thi$ tag is used
for DleviceLink profiles only.

9.2.92 colorantinfoTag
Tag dignature: 'clin' (636c696¢h).
Pernjitted tag type: tagArrayType with'an array type identifier of ‘cinf’ (63696e66h).

Thistag identifies the colorantsiassociated with the data colour space field header (see 7.2{8) when the
data|colour space field is either-an xCLR where x is a hexadecimal value from 1 to F, or hag a signature
repre¢sentation of “ncXXXX! where X is a hexadecimal value from 1 to FFFF. The colorant|information
is prpvided as an arrayof-colorantInfoStructure elements. Each colorantInfoStructure entry provides
a naine for the colorant*and optionally colorimetric or spectral information. See 12.2.2 for a complete
description of contents and usage of a colorantInfoStructure.

9.2.33 colorantinfoOutTag
Tag dignature: ‘clio’ (636C696fh).

Perntitted tag typer tagATraytype witlramarray type idemntifierof ‘Tinf (63696e661):

This tag identifies the colorants associated with the PCS colour space field header (see 7.2.8) when the
PCS colour space field is either an xCLR where x is a hexadecimal value from 1 to F, or has a signature
representation of “ncXXXX” where X is a hexadecimal value from 1 to FFFF. The colorant information
is provided as an array of colorantInfoStructure elements. Each colorantInfoStructure entry provides a
name for the colorant and optionally colorimetric and/or spectral information. See 12.2.2 for a complete
description of contents and usage of a colorantInfoStructure.

This tag is used for DeviceLink profiles only.

9.2.54 colorimetricintentimageStateTag

Tag signature: ‘ciis’ (63696973h).
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Permitted tag type: signatureType.
This tag is fully specified by ISO 15076-1 colorimetriclntentImageStateTag.

This tag indicates the image state of PCS colorimetry produced using the colorimetric intent transforms.
If present, the colorimetricintentimageStateTag shall specify one of the ICC-defined image states shown
in Table 31 and described herein. Other image state specifications are reserved for future ICC use.

The notable difference between usage in ISO 15076-1 and this document is that an arbitrary observer
and white point can now be associated with the colorimetric PCS using PCC (see 6.3.2) resulting in a
deprecation of the chromaticAdaptationTag defined in ISO 15076-1. Therefore, colorimetry for each of
the states defined hy this tag should be directlvy encoded without the need for chromatic qdqprm’i nin

the colorimeétric colour transforms.

NOTE1 W
data in the f
transformati

hen the state of the image colorimetry represented in the PCS is different from that(gf-the image
le, the colorimetric intent image state includes the word "estimates". This will be"the case when
bn of the image file data to colorimetry is not fully deterministic.

EXAMPLE
transform of

If the spectral sensitivities of a digital camera sensor (or photographic film) are not a linear
the CIE XYZ CMFs, there will not be a single "correct” transform to focal plane colorimetry.

Table 31 — colorimetricIntentimageStateTag signatures

Colorimetric intent image state Signature Hex1dec1_mal en-
coding

scerle colorimetry estimates 'scoe! 73636F65h

scerje appearance estimates ‘sape’ 73617065h

focall plane colorimetry estimates 'fpce’ 66706365h

refl¢ction hardcopy original colorimetry ‘rhoc’ 72686F63h

refl¢ction print output colorimetry ‘rpoc’ 72706F63h
The tag valye 'scoe’ (scene colorimetry estimate€s) shall indicate that colorimetry in the PCS represents
estimates of the colorimetry of the scene, as yiewed from the capture point. With the media-relative
colorimetriq intent, the colorimetry is relative to the scene encoding maximum. With the ICC-absplute
colorimetrig¢ intent, the colorimetry is-felative to the scene adopted white. The scene colorimetry can
result from p real scene, a synthetically/generated scene, an edited scene, or some combination of these,

but shall be [interpreted as actual-scene colorimetry for subsequent processing.

hlues
rfect
cene
cene

For scene cdlorimetry estimates;the mediaWhitePointTag is populated with the XYZ tristimulus v.
of the sceng encoding maximim white, normalized to be relative to the scene adopted white (pq
diffuser), and then converted to the corresponding tristimulus values for the PCS white. The {§
adopted whiite Y value\iS normalized to 1,0; the mediaWhitePointTag Y value is relative to the 3
adopted white Y value‘and can be larger than 1,0.

s tag.

NOTE 2 Tlre unnormalized adopted white values are stored in the illuminant field in the viewing condition

The tag value 'sape’ (scene appearance estimates) shall indicate that colorimetry in the PCS represents
estimates of the appearance of the scene, as viewed from the capture point, fully adapted to the ISO 3664
P2 viewing conditions. With the media relative colorimetric intent, the corresponding colorimetry
is relative to the scene encoding maximum white. With the ICC-absolute colorimetric intent, the
corresponding colorimetry is relative to the scene adopted white. The scene appearance estimates may
result from a real scene, a synthetically generated scene, an edited scene, or some combination of these,
but shall be interpreted as scene appearance estimates for an actual scene in subsequent processing.
When this image state is specified, the ISO 3664 P2 viewing conditions shall be specified in the spectral
viewing conditions tag.

For scene appearance estimates, the mediaWhitePointTag is populated with the XYZ tristimulus values
of the scene encoding maximum white, normalized to be relative to the scene adopted white (perfect
diffuser), and then converted to the corresponding tristimulus values for the PCS white point defined
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in the spectral viewing conditions tag. The scene adopted white Y value is normalized to 1,0; the
mediaWhitePointTag Y value is relative to the scene adopted white Y value and can be larger than 1,0.

The tag value 'fpce' (focal plane colorimetry estimates) shall indicate that colorimetry in the PCS
represents estimates of the colorimetry of the light present at the focal plane of a camera (digital or
film). With the media relative colorimetric intent, the colorimetry is relative to the focal-plane encoding
maximum white. With the ICC-absolute colorimetric intent, the colorimetry is relative to the focal plane
adopted white. The focal plane colorimetry may result from a real scene, a synthetically generated scene,
an edited scene, or some combination of these, but shall be interpreted as focal plane colorimetry for
subsequent processing. When this colorimetric intent image state is specified, the actual focal plane
viewing conditions, including the adopted white, shall be specified in the spectral viewing conditions tag.

For f]
valug
whit
poin{

NOTH
estin

NOTH
cond

The

PCS {
the 1
enco
perfe

condjitions, including the adopted white, shall be-specified in the spectral viewing conditions.

NOTH
cond

The

repri
color
view|
refle
the

pcal plane colorimetry estimates, the mediaWhitePointTag is populated with the XY7
s of the focal plane encoding maximum white, normalized to be relative to the focal pl
b (perfect diffuser), and then converted to the corresponding tristimulus values/for tH

tristimulus
ane adopted
e PCS white

(if required). The focal plane adopted white Y value is normalized to 1,0; the mediaWhitePointTag
Y value is relative to the focal plane adopted white Y value and can be larger thds 1,0.

3 The effects of any optics in or attached to the camera are included in the focal plang
ates; this includes lens flare and filters.

4 The un-normalized adopted white values are stored in the illuminant field in the spe
tions tag.

Fag value 'rhoc’ (reflection hardcopy original colorimetry) shall indicate that coloriy
‘epresents the colorimetry of a reflection hardcopy ‘riginal that has been digitally sc
nedia relative colorimetric intent, the colorimetry,is normalized relative to the sc4
Hing maximum white. With the ICC-absolute colorimetric intent, the colorimetry is re|
ct reflecting diffuser. When this colorimetricintent image state is specified, the scan

5 The un-normalized adopted white values are stored in the illuminant field in the spe
tions tag.

tag value 'rpoc’ (reflection print-output colorimetry) shall indicate that colorimetry
psents the colorimetry of reflection print output. With the media relative colorimetri
imetry is normalized relative to the print medium white point, measured under the
ing conditions. With the ICC-absolute colorimetric intent, the colorimetry is relative t
cting diffuser after_ chromatic adaptation. When this colorimetric intent image state
rint viewing conditions, including the adopted white, shall be specified in the spec

condjitions tag.

NOT]H
cond

9.2.5

6  The un-normalized adopted white values are stored in the illuminant field in the spe
tions tag:

5-"copyrightTag

colorimetry

ctral viewing

netry in the
hnned. With
n condition
lative to the
llumination

ctral viewing

r in the PCS
c intent, the
actual print

the perfect
is specified,
fral viewing

ctral viewing

Tag signature: ‘cprt’ (63707274h).

Permitted tag type: multiLocalizedUnicodeType.

This

tag contains the text copyright information for the profile.

9.2.56 customToStandardPccTag

Tag signature: 'c2sp' (63327370h).

Permitted Tag types: multiProcessElementsType.

This tag provides the transform needed to convert from the colorimetry defined by the observer and
illuminant defined in the spectralViewingConditionsTag to the colorimetry defined by the CIE 1931
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Standard Colorimetric Observer with a D50 illuminant. The multiProcessElementsType structure shall
define a sequence of one or more transforms that performs this conversion.

The number of both the input and output channels of the transform shall be three.

9.2.57 cxfTag

Tag signature: ‘CxF’ (43784620).

Permitted tag type: utf8Type, utf8ZipType.

9.2.58 dev
Tag signatul
Permitted t

Structure c

: g ermn dat.Te C/X ile i an XML dmnt d al ece as spe(
-1. The CxF/X specification requires that UTF-8 be used.

ain any other data that conforms to the CxF/X specification.

jceMfgDescTag
re: ‘dmnd’ (646D6E64h).
g type: multiLocalizedUnicodeType.

bntaining invariant and localizable versions of the device manufacturer for display

content of this structure is described in 10.2.15.

9.2.59 dev
Tag signatul
Permitted t

Structure c
this structu

9.2.60 dirg
Tag signatul
Permitted t§

This tag def
relative pos
and relative]
specified byj

iceModelDescTag
re: ‘dmdd’ (646D6464h).
hg type: multiLocalizedUnicodeType.

ntaining invariant and localizableversions of the device model for display. The contg
e is described in 10.2.15.

ctionalAToB0Tag
re: 'dABO’ (64414230h).
g types: multiPrecessElementType.

nes the transform to achieve perceptual intent rendering in relation to viewing angle
ition of\a.iewing area. Specifically, it describes the colour transform from viewing 4
position of the viewing area, and Device or Colour Encoding to the colorimetric-based
the'PCS field in the profile header.

t and
ified

. The

The

nt of

5 and
ingle
| PCS

This use of this tag is not defined when the PCS field in the profile header is set to zero.

The number of input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels implied by the colorSpace signature in the profile header. The order and encoding of the
directional information and device channels provided to the multiProcessElementType are shown in

Table 32.
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Table 32 — Directional device channel encoding

lnpu.t channel Channel identification Encoding type
index

0 Viewing azimuth angle ®r azimuthNumber

1 Viewing zenith angle Or zenithNumber

2 Relative Horizontal Position rx horizontalType

3 Relative Vertical Position ry verticalType

4 Device channel 0

4+N Device channel N-1

The ¢utput channels are defined by the encoding implied by the PCS field in the profile heagler.

9.2.41 directionalAToB1Tag
Tag dignature: ‘dAB1’ (64414231h).
Pernjitted tag types: multiProcessElementType.

This|tag defines the transform to achieve media-relative colorithetric intent rendering i relation to
viewfing angles and relative position of a viewing area. Speeifically, it describes the coloyr transform
from| viewing angle and relative position of the viewing area, and Device or Colour Enc¢ding to the
colotlimetric-based PCS specified by the PCS field in the profile header.

Thisjuse of this tag is not defined when the PCS field‘in the profile header is set to zero.

The pumber of input channels to the multiProcessElementsType-based tag shall be four plug the number
of channels implied by the colorSpace signature in the profile header. The order and encpding of the
direqtional information and device channelsprovided to the multiProcessElementType afre shown in
Table 32.

The putput channels are defined by-the encoding implied by the PCS field in the profile headler.

If thils tag is not present then relative directional-based colorimetric processing shall be performed by
using the absolute colorimetric directional AToB3Tag and then adjusting the colorimetric PLS values by
the media white point.

9.2.42 directionalfAToB2Tag
Tag dignature; ‘dAB2’ (64414232h).
Pernjitted-tag types: multiProcessElementType.

This tag)defines the transform to achieve saturation intent rendering in relation to viewing angles and
relative position of a viewing area. Specitically, it describes the colour transform from viewing angle
and relative position of the viewing area, and Device or Colour Encoding to the colorimetric-based PCS
specified by the PCS field in the profile header.

This use of this tag is not defined when the PCS field in the profile header is set to zero.

The number of input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels implied by the colorSpace signature in the profile header. The order and encoding of the
directional information and device channels provided to the multiProcessElementType are shown in
Table 32.

The output channels are defined by the encoding implied by the PCS field in the profile header.
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9.2.63 directionalAToB3Tag

Tag signature: ‘dAB3’ (64414233h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve absolute intent rendering in relation to viewing angles and
relative position of a viewing area. Specifically, it describes the colour transform from viewing angle
and relative position of the viewing area, and Device or Colour Encoding to the colorimetric-based PCS

specified by the PCS field in the profile header.
This use of this tag is not defined when the PCS field in the profile header is set to zero.
The number|of input channels to the multiProcessElementsType-based tag shall be four plus thésnumber
of channels|implied by the colorSpace signature in the profile header. The order and encoding qf the
directional nformation and device channels provided to the multiProcessElementType“are shoyn in
Table 32.
The output ¢hannels are defined by the encoding implied by the PCS field in the profile header.
If this tag is|not present then relative directional-based colorimetric processitig’shall be performg¢d by
using the relative colorimetric directional AToB1Tag and then adjusting the-colorimetric PCS valugs by
the media white point.
9.2.64 directionalBToA0Tag
Tag signatuye: ‘dBAO’ (64424130 h).
Permitted tag types: multiProcessElementType.
This tag defjnes the transform to achieve perceptual intent rendering in relation to viewing angles and
relative posjtion of a viewing area. Specifically, itxdescribes the colour transform from viewing angle
and relative position of the viewing area, and colerimetric-based PCS specified by the PCS field ih the
profile header to Device or Colour Encoding,
This use of this tag is not defined when the PCS field in the profile header is set to zero.
The number of input channels tosthe’ multiProcessElementsType-based tag shall be four plus the
number of channels defined by the-encoding implied by the PCS field in the profile header. The ordef and
encoding of the directional inforimation and device channels provided to the multiProcessElementType
are shown in Table 33.
Table 33 — Directional colorimetric encoding
Input chanmel Ch . e s .
. annel identification Encoding type
index

0 Viewing azimuth angle ®r azimuthNumber

1 Viewing zenith angle Or zenithNumber

2 Relative Horizontal Position rx horizontalNumber

3 Relative Vertical Position ry verticalNumber

4 PCS channel 0

4+N PCS channel N-1

The output channels shall be the number of device channels defined by the colorSpace signature in the

profile head
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9.2.65 directionalBToA1Tag
Tag signature: ‘dBA1’ (64424131h).
Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve media-relative colorimetric intent rendering in relation to
viewing angles and relative position of a viewing area. Specifically, it describes the colour transform
from viewing angle and relative position of the viewing area, and colorimetric-based PCS specified by
the PCS field in the profile header to Device or Colour Encoding.

This use of this tag is not defined when the PCS field in the profile header is set to zero.

The [number of input channels to the multiProcessElementsType-based tag shall be fqur plus the
number of channels defined by the encoding implied by the PCS field in the profile header. The order and
encofing of the directional information and device channels provided to the multiProcessHlementType
are shown in Table 33.

The jnumber of output channels shall be the number of device channels defined by thg colorSpace
signature in the profile header.

If this tag is not present then relative directional-based colorimetric processing shall b¢ performed
by fifst adjusting the colorimetric PCS values by the media white point and then using the absolute
colotlimetric directionalBToA3Tag.

9.2.46 directionalBToA2Tag
Tag dignature: ‘dBA2’ (64424132h).
Pernjitted tag types: multiProcessElementType.

This|tag defines the transform to achieve saturation intent rendering in relation to viewing angles and
relatjve position of a viewing area. Specifieally, it describes the colour transform from viewing angle
and relative position of the viewing ai'€a; and colorimetric-based PCS specified by the PC$ field in the
profile header to Device or Colour Enceding.

This [use of this tag is not defined\when the PCS field in the profile header is set to zero.

The [number of input channels to the multiProcessElementsType-based tag shall be fqur plus the
number of channels defined by the encoding implied by the PCS field in the profile header. The order and
encofing of the direofignal information and device channels provided to the multiProcessHlementType
are shown in Table33.

The number of ‘output channels shall be the number of device channels defined by thg colorSpace
signgture in-the profile header.

9.2.47-directionalBToA3Tag

Tag signature: ‘dBA3’ (64424133h).
Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve absolute intent rendering in relation to viewing angles and
relative position of a viewing area. Specifically, it describes the colour transform from viewing angle
and relative position of the viewing area, and colorimetric-based PCS specified by the PCS field in the
profile header to Device or Colour Encoding.

This use of this tag is not defined when the PCS field in the profile header is set to zero.

The number of input channels to the multiProcessElementsType-based tag shall be four plus the
number of channels defined by the encoding implied by the PCS field in the profile header. The order and
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encoding of the directional information and device channels provided to the multiProcessElementType
are shown in Table 33.

The number of output channels shall be the number of device channels defined by the colorSpace
signature in the profile header.

If this tag is not present then relative BRDF-based colorimetric processing shall be performed by first
adjusting the colorimetric PCS values by the media white point and then using the relative colorimetric
brdfAToB1Tag.

9.2.68 directionalBToD0Tag

Tag signatuye: ‘dBDO’ (64424430 h).

Permitted tag types: multiProcessElementType.

This tag def|
relative pos
and relative
in the profil

This use of {

The number

nes the transform to achieve perceptual intent rendering in relation to viewing angle
ition of a viewing area. Specifically, it describes the colour transformcfrom viewing
position of the viewing area, and the spectral-based PCS specified bythe spectralPCS
e header to Device or Colour Encoding.

his tag is not defined when the spectralPCS field in the profile header is set to zero.

of input channels to the multiProcessElementsType-based tag shall be four plus the nu

5 and
ingle
field

mber

of channels flefined by the encoding implied by the spectralPCS field.in the profile header. The ordef and
encoding of the directional information and device channels provided to the multiProcessElement{Type
are shown ip Table 34.
Table 34 — Directional spectral encoding
Inppt channel . n .
. Channel identification Encoding type
index
0 Viewing azimuth angle ®r azimuthNumber
1 Viewing zenith angle.0r zenithNumber
2 Relative Horizontal\Position rx horizontalNumber
3 Relative Vertjcal-Position ry verticalNumber
4 Spectral PCS)channel 0
4+N| Spectral PCS channel N-1

The number
the profile h

of output.ghiannels shall be the number of channels implied by the colorSpace signaty
eader.

9.2.69 dire¢

rein

cfipnalBToD1Tag

Tag signature: ‘dBD1’ (64424431h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve relative intent rendering in relation to viewing angles and
relative position of a viewing area. Specifically, it describes the colour transform from viewing angle
and relative position of the viewing area, and the spectral-based PCS specified by the spectralPCS field
in the profile header to Device or Colour Encoding.

This use of this tag is not defined when the spectralPCS field in the profile header is set to zero.

The number of input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels defined by the encoding implied by the spectralPCS field in the profile header. The order and
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encoding of the directional information and device channels provided to the multiProcessElementType
are shown in Table 34.

The number of output channels shall be the number of channels implied by the colorSpace signature in
the profile header.

If this tag is not present then relative BRDF-based spectral processing shall be performed by first
adjusting the spectral PCS values by the spectral media white point, and then using the absolute

brdfDToB3Tag.

9.2.70 directionalBToD2Tag

Tag S
Pern{

This
relat
and 1
in th

This

The number of input channels to the multiProcessElementsTypge-based tag shall be four plus

of ch
enco
are §

ignature: ‘bBD2’ (64424432h).
itted tag types: multiProcessElementType.

tag defines the transform to achieve saturation intent rendering in relation,to viewin
jve position of a viewing area. Specifically, it describes the colour transform from vi
elative position of the viewing area, and the spectral-based PCS specified by the spec
b profile header to Device or Colour Encoding.

use of this tag is not defined when the spectralPCS field in the profile header is set to 7

hnnels defined by the encoding implied by the spectralPCS field in the profile header. T}
ding of the directional information and device channels provided to the multiProcessH
hown in Table 34. The number of output channelsi@hall be the number of channels im

b angles and
ewing angle
ralPCS field

ero.

the number
he order and
lementType
plied by the

colonlSpace signature in the profile header.

The putput channels are defined by the encodingdmplied by the spectralPCS field in the prgfile header.
9.2.71 directionalBToD3Tag

Tag dignature: ‘dBD3’ (64424433h).

Pernjitted tag types: multiProcessElementType.

This|tag defines the transform to achieve saturation intent rendering in relation to viewing angles and
relatjve position of a viewihg area. Specifically, it describes the colour transform from viewing angle
and relative position of.the viewing area, and the spectral-based PCS specified by the spectralPCS field
in the profile headerto’/Device or Colour Encoding.

Thisjuse of this tag is not defined when the spectralPCS field in the profile header is set to Zero.

The numberofinput channels to the multiProcessElementsType-based tag shall be four plug

of ch

hnnels defined by the encoding implied by the spectralPCS field in the profile header. T}

enco

the number
he order and

ding of the directional information and device channels provided to the multiProcessH

lementType

are shown in Table 34. The number of output channels shall be the number of channels implied by the
colorSpace signature in the profile header.

If this tag is not present then relative BRDF-based spectral processing shall be performed by using the
relative brdfDToB1Tag and then adjusting the spectral PCS values by the spectral media white point.

9.2.72 directionalDToB0Tag

Tag signature: ‘dDB0’ (64444230 h).

Permitted tag types: multiProcessElementType.

This tag defines the transform to achieve perceptual intent rendering in relation to viewing angles and
relative position of a viewing area. Specifically, it describes the colour transform from viewing angle
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and relative position of the viewing area, and Device or Colour Encoding to the spectral-based PCS
specified by the spectralPCS field in the profile header.

This use of this tag is not defined when the spectralPCS tag is set to zero.

The number of input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels implied by the colorSpace signature in the profile header. The order and encoding of the
directional information and device channels provided to the multiProcessElementType are shown in
Table 32.

The output channels are defined by the encoding implied by the spectralPCS field in the profile header.

9.2.73 dir¢ctionalDToB1Tag

Tag signatuye: ‘dDB1’ (64444231h).

Permitted tag types: multiProcessElementType.

This tag deflines the transform to achieve relative intent rendering in relationship viewing angles and
relative posjtion of a viewing area. Specifically, it describes the colour transform from viewing angle
and relative position of the viewing area, and Device or Colour Encodingsto-the spectral-based PCS
specified by|the spectralPCS field in the profile header.

This use of this tag is not defined when the spectralPCS tag is set to zero.

The numberjof input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels|implied by the colorSpace signature in the profile;header. The order and encoding df the
directional |nformation and device channels provided to the ' multiProcessElementType are shown in
Table 32.

The output ¢hannels are defined by the encoding implied by the spectralPCS field in the profile header.
If this tag isnot present then relative directional*based spectral processing shall be performed by using
the absolute¢ directionalDToB3Tag and then-adjusting the spectral PCS values by the spectral njedia
white point|

9.2.74 dir¢ctionalDToB2Tag

Tag signatuye: ‘dDB2’ (64444232h):

Permitted tfg types: multiPforessElementType.

This tag defines the transform to achieve saturation intent rendering in relation to viewing angles and
relative posjtion of a8 ylewing area. Specifically, it describes the colour transform from viewing angle
and relative position of the viewing area, and Device or Colour Encoding to the spectral-based PCS
specified by|thelspectralPCS field in the profile header.

s 1 - ' - PR | 1 4+l .
This use of thistagisotdefimedwhenthespectra

o 4 : —
TGO Udg IS5 5CL LU 4T U.

The number of input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels implied by the colorSpace signature in the profile header. The order and encoding of the
directional information and device channels provided to the multiProcessElementType are shown in
Table 32.

The output channels are defined by the encoding implied by the spectralPCS field in the profile header.

9.2.75 directionalDToB3Tag
Tag signature: ‘dDB3’ (64444233h).

Permitted tag types: multiProcessElementType.
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This tag defines the transform to achieve saturation intent rendering in relation to viewing angles and
relative position of a viewing area. Specifically, it describes the colour transform from viewing angle
and relative position of the viewing area, and Device or Colour Encoding to the spectral-based PCS
specified by the spectralPCS field in the profile header.

This use of this tag is not defined when the spectralPCS tag is set to zero.

The number of input channels to the multiProcessElementsType-based tag shall be four plus the number
of channels implied by the colorSpace signature in the profile header. The order and encoding of the
directional information and device channels provided to the multiProcessElementType are shown in
Table 32.

The ¢utput channels are defined by the encoding implied by the spectralPCS field in the prafile header.

If this tag is not present then relative directional-based spectral processing shall be performed by using
the yelative directionalDToB1Tag and then adjusting the spectral PCS values by, the spgctral media
whitg point.

9.2.776 DToBOTag
Tag qignature ‘D2B0’ (44324230h).
Pernjitted tag types: multiProcessElementsType.

This[tag has a different behaviour to the DToB0Tag in ISO-15076-1. It defines a colour tramsform from
devige to a spectrally-based PCS (determined by the spectralPCS field in the header). When this tag is
pres¢nt, the spectralPCS header field shall be non-zero, This tag defines a device to spectrally-based PCS
trangform with the spectral PCS defined by the spectralPCS, spectralRange, and biSpectralRange fields
in the profile header. It supports float32Number-encoded input range, output range and trgnsforms. As
with[the AToBOTag, it defines a transform to achieve a perceptual rendering. The processing mechanism
is defcribed in multiProcessElementsType (see 10.2.16).

9.2.77 DToB1Tag
Tag dignature ‘D2B1’ (44324231h).

Pernjitted tag types: multiProcessElementsType.

This|tag has a differentbehaviour to the DToB1Tag in ISO 15076-1. It defines a colour trampsform from
devige to a spectrally-based PCS (determined by the spectralPCS field in the header). When this tag is
present, the spectralR€S header field shall be non-zero. This tag defines a device to spectrally-based PCS
trangform with the-spectral PCS defined by the spectralPCS, spectralRange, and biSpectralRange fields
in the profile hedder. It supports float32Number-encoded input range, output range and trgnsforms. As
with|the AToBOTag, it defines a transform to achieve a relative rendering. The processing nfechanism is
describedinmultiProcessElementsType (see 10.2.16).

If thils tag is not presen elative colo ssing sha ing the absolute
DToB3Tag and then adjusting the PCS values by the media white point.

9.2.78 DToB2Tag

Tag signature ‘D2B2’ (44324232h).

Permitted tag types: multiProcessElementsType.

This tag has a different behaviour to the DToB2Tag in ISO 15076-1. It defines a colour transform from
device to a spectrally-based PCS (determined by the spectralPCS field in the header). When this tag is
present, the spectralPCS header field shall be non-zero. This tag defines a device to spectrally-based PCS
transform with the spectral PCS defined by the spectralPCS, spectralRange, and biSpectralRange fields
in the profile header. It supports float32Number-encoded input range, output range and transforms. As
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with the AToB0Tag, it defines a transform to achieve a saturation rendering. The processing mechanism

is described

in multiProcessElementsType (see 10.2.16).

9.2.79 DToB3Tag

Tag signature ‘D2B3’ (44324233h).

Permitted tag types: multiProcessElementsType.

This tag has a different behaviour to the DToB3Tag in ISO 15076-1. It defines a colour transform from
device to a spectrally-based PCS (determlned by the spectralPCS fleld in the header). When this tag is

present, the
transform W
in the profilp
with the AT
is described

If this tag is
DToB1Tag a

9.2.80 gan)

Tag signatur

Permitted t{

This tag def]

the perceptual transform.

9.2.81 gam

Tag signatul
Permitted t

This tag def

9.2.82 gam

Tag signatur

Permitted t

This tag def

rith the spectral PCS defined by the spectralPCS spectralRange, and blspectralRange f
e header. It supports float32ZNumber-encoded input range, output range and transforni
B0OTag, it defines a transform to achieve an absolute rendering. The processing nfecha
in multiProcessElementsType (see 10.2.16).

not present then absolute colorimetric processing shall be performed by using the rel
hd then adjusting the PCS values by the media white point.

utBoundaryDescription0Tag
e: ‘gbd0’ (67626430h).
g types: gamutBoundaryDescriptionType.

ines the gamut boundary of the reference mediuméamut that was used for the creati

utBoundaryDescription1Tag
re: ‘gbd1’ (67626431h).
g types: gamutBoundaryDescriptionType.

nes the gamut boundary fer:the relative colorimetric transform.

utBoundaryDescription2Tag
e: ‘gbd?2’ (67626432h).
g types: gamutBoundaryDescriptionType.

nes the’gamut boundary for the saturation intent transform.

9.2.83 ganj

jutBoundaryDescription3Tag

PCS
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s. As
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ative

on of

Tag signature: ‘gbd3’ (67626433h).

Permitted tag types: gamutBoundaryDescriptionType.

This tag defines the gamut boundary for the absolute colorimetric intent transform. The presence
of the DToB3 or BToD3 tags may require a gamut boundary description that is different from
gamutBoundaryDescription1Tag.

9.2.84 multiplexDefaultValuesTag

Tag signature: ‘mdv’ (6d647620h).

Permitted
float32Num

64

tag ulnt8NumberArray, ulntl16NumberArray,

berArray.

types:

float16NumberArray
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The multiplexDefaultValuesTag defines a default multiplex channel value for each multiplex channel
identified in the multiplexTypeArrayTag. The default values shall be used for processing by the
destination profile when the source profile does contain the multiplex channel identifier in its
multiplexTypeArrayTag.

The encoding of integer based values shall be interpreted as a logical 0,0 to 1,0 when processed by
the MToAOTag, MToB0Tag, MToB1Tag, MToB2Tag, MToB3Tag, MToS0Tag, MToS1Tag, MToS2Tag, or
MToS3Tag. Floating point values shall be directly used by the MToAOTag, MToB0Tag, MToB1Tag,
MToB2Tag, MToB3Tag, MToS0Tag, MToS1Tag, MToS2Tag, or MToS3Tag.

The multiplexDefaultValuesTag is optional, and if not present then a default value of 0,0 shall be used for

H L Jaaal L 1 doi 4 lalal
prOC .,oolus VVIITIT SUUI LU lllulLllJlCA ClidIlllivi vdid a1t 1ivt dvdliidult.

The number of array entries in a multiplexDefaultValuesTag shall be the same as the number{of multiplex
coloyr channels indicated by the signature used in the MCS profile header field.

9.2.85 multiplexTypeArrayTag

Tag qignature: ‘mcta’ (6d637461h).
Pernjitted tag type: tagArray of utf8Type.
tagAfray type signature: ‘mcta’ (6d637461h).

The multiplexTypeArrayTag defines a multiplex channel type name for each channel in the]MCS for the
purplose of profile connection.

MCS |connection between profiles is performed by passing multiplex channel values between channels
that have identical multiplex channel type identifications. Channels with a multiplex chahnel type in
the source profile that are not in the destinatigii¢profile are ignored. Channels with multiplex channel
types in the destination profile that are not in.the source profile are processed with a multiplex channel
valug of zero.

NOTH The order of multiplex channetl identification of connected profiles does not need to be the same.
Each{multiplex channel type naméshall be unique within a multiplexTypeArrayTag.
Matdhing of multiplex channgl type names shall be case sensitive.

The pumber of sub-tag entries in a multiplexTypeArrayTag shall be the same as the number|of multiplex
colour channels indicated by the signature used in the MCS profile header field.

9.2.86 measurementinfoTag

Tag qignature: ‘minf’ (6d696e66h).

Pernjitted tag type: structType of type measurementInfo.

This tag defines measurement conditions for the colorimetric and/or spectral PCS (defined by PCS
or spectralPCS fields of the profile header respectively). If this tag is not present the measurement
conditions shall be assumed to have white backing, zero flare, 0°:45° geometry, using M1 illumination
(ISO 13655).

NOTE Unless otherwise specified, this tag is informative only with no CMM processing associated with the
contents of this tag.

9.2.87 measurementinputinfoTag
Tag signature: ‘miin’ (6d69696¢€h).

Permitted tag type: structType of type measurementinfo.
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This tag defines measurement information for measurements related to values on input side of abstract
profiles (defined by device field of the profile header). This tag may therefore only be present if the
profile is an abstract profile.

If this tag is not present the measurement conditions shall be assumed to have white backing, zero
flare, 0°:45° geometry, using M1 illumination (ISO 13655).

NOTE Unless otherwise specified, this tag is informative only with no CMM processing associated with the
contents of this tag.

9.2.88 mediaWhitePointTag

Tag signatuye: ‘wtpt’ (77747074h).

Permitted tag type: XYZType.

This tag, which is used for generating the ICC-absolute colorimetric intent, specifies the'\chromatically
adapted nCIEXYZ tristimulus values of the media white point. It is used for generating either thg ICC-
absolute colorimetric intent using an ICC-relative intent tag when an ICC-absolute ¢olorimetric intent
tag is not uped or the ICC-relative colorimetric intent using an ICC-absolutedntént tag when an| ICC-
relative col¢rimetric intent tag is not used. When the measurement datatused to create the pyofile
were specified relative to an adopted white with a chromaticity different from that of the PCS addpted
white, the media white point nCIEXYZ values shall be adapted to be relative to the PCS adopted white
chromaticity using the chromaticAdaptationTag matrix, before recordirg in the tag.

It is recommended that the PCC (see 6.3.2) be configured so that-the PCS uses the measurement|data
white chromaticity.

9.2.89 metadataTag

Tag signatuye: ‘meta’ (6d657461h).

Permitted tag type: dictType.

This tag conjtains a set of metadata items for the profile.

The names pnd values in the set shall be taken from the ICC metadata registry, available on the ICC
website (http://www.color.org). Display elements should be taken from the metadata registry, ag this
provides common localizations.

9.2.90 MTgAOTag

Tag signatuye: ‘M2A0~(4d324130h).

Permitted tg typesmultiProcessElementsType.

This tag prqvides a transformation using a multiProcessElementsType (see 10.2.16) tag that conyerts

from multiplex channel values to device channel values.

The number of data channels provided to the transform shall match the number of channels associated
with the MCS field in the Profile header. MCS connection shall result in multiplex channel values for
channels with matching multiplex type identifications (see 9.2.85). Channels that have no multiplex
type identification match with the source MCS shall be processed so the output has the same value as
the input from the associated channel in the multiplexDefaultValuesTag (see 9.2.84) or a value of zero
multiplex channel value if this tag is not present.

The number of data channels resulting from the transform shall match the number of channels defined
by the deviceColor field in the Profile header.
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9.2.91 MToBO0Tag
Tag signature: ‘M2B0’ (4d324230h).

Permitted tag type: multiProcessElementsType.

This tag provides a transformation using a multiProcessElementsType (see 10.2.16) tag that converts
from multiplex channel values to colorimetric PCS values for the perceptual rendering intent.

The number of data channels provided to the transform shall match the number of channels associated
with the MCS field in the Profile header. MCS connection shall result in multiplex channel values for
channels with matching multiplex type identifications (see 9.2.85). Channels that have no multiplex
type|identification match with the source MCS shall be processed with the value as ingut from the
asso¢iated channel in the multiplexDefaultValuesTag (see 9.2.84) or a zero multiplex.channel value if
this tag is not present.

The humber of data channels resulting from the transform shall match the number of channels defined
by the PCS field in the Profile header.

9.2.92 MToB1Tag
Tag dignature: ‘M2B1’ (4d324231h).
Pernjitted tag type: multiProcessElementsType.

This|tag provides a transformation using a multiProcessElementsType (see 10.2.16) tag that converts
from|{ multiplex channel values to colorimetric PCS values for the media-relative rendering intent.

The humber of data channels provided to the transform shall match the number of channels associated
with|the MCS field in the Profile header. MCS cénnection shall result in multiplex channg¢l values for
channels with matching multiplex type identifications (see 9.2.85). Channels that have mo multiplex
type|identification match with the source*MCS shall be processed with the value as ingut from the
assofiated channel in the multiplexDefatltValuesTag (see 9.2.84) or a zero multiplex chapnel value if
this tag is not present.

The number of data channels resulting from the transform shall match the number of chanpels defined
by the PCS field in the Profile lieader.

If thils tag is not present then relative colorimetric processing shall be performed by using the absolute
MToB3Tag and then adjusting the PCS values by the media white point.

9.2.93 MToB2Tag
Tag qignaturé:s ‘M2B2’ (4d324232h).

Pernjittéd tag type: multiProcessElementsType.

This tag provides a tramsformmation using a muttiProcessElementsType (see 10-2-16) tag that converts
from multiplex channel values to colorimetric PCS values for the saturation rendering intent.

The number of data channels provided to the transform shall match the number of channels associated
with the MCS field in the Profile header. MCS connection shall result in multiplex channel values for
channels with matching multiplex type identifications (see 9.2.85). Channels that have no multiplex
type identification match with the source MCS shall be processed with the value as input from the
associated channel in the multiplexDefaultValuesTag (see 9.2.84) or a zero multiplex channel value if
this tag is not present.

The number of data channels resulting from the transform shall match the number of channels defined
by the PCS field in the Profile header.
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9.2.94 MToB3Tag
Tag signature: ‘M2B3’ (4d324233h).
Permitted tag type: multiProcessElementsType.

This tag provides a transformation using a multiProcessElementsType (see 10.2.16) tag that converts
from multiplex channel values to colorimetric PCS values for the absolute rendering intent.

The number of data channels provided to the transform shall match the number of channels associated
with the MCS field in the Profile header. MCS connection shall result in multiplex channel values for
channels with matching multiplex type identifications (see 9.2.85). Channels that have no multiplex
type identification match with the source MCS shall be processed with the value as input from the
associated ¢hannel in the multiplexDefaultValuesTag (see 9.2.84) or a zero multiplex channel‘wvalue if

this tagisn

The numbej
by the PCS f

If this tag is

t present.

of data channels resulting from the transform shall match the number of channels de
eld in the Profile header.

not present then absolute colorimetric processing shall be performed/by using the rel

fined

ative

MToB1Tag ajnd then adjusting the PCS values by the spectral media white paint;

9.2.95 MT¢SO0Tag

Tag signatuye: ‘M2S0’ (4d325330h).

Permitted tfg type: multiProcessElementsType.

This tag prd verts

from multip,

vides a transformation using a multiProcessElementsType (see 10.2.16) tag that con
lex channel values to spectral PCS values forbhe perceptual rendering intent.

jated
s for
iplex
h the
ue if

The number
with the M(
channels wi
type identif
associated (
this tagisn

of data channels provided to the transform shall match the number of channels assoc

S field in the Profile header. MCS connection shall result in multiplex channel valusg
th matching multiplex type identifications (see 9.2.85). Channels that have no mult
ication match with the source MCS shall be processed with the value as input fron
hannel in the multiplexDefaultValuesTag (see 9.2.84) or a zero multiplex channel va
t present.

The number fined

by the spect

of data channels restilting from the transform shall match the number of channels de
ralPCS field in the Profile header.

9.2.96 MTg¢S1Tag
Tag signatuye: ‘M2ST:(4d325331h).

Permitted tfg type: multiProcessElementsType.

This tag provides a tramsformration using a muttiProcessElementsType {see 10-2-16) tag thrat converts

from multiplex channel values to spectral PCS values for the media-relative rendering intent.

The number of data channels provided to the transform shall match the number of channels associated
with the MCS field in the Profile header. MCS connection shall result in multiplex channel values for
channels with matching multiplex type identifications (see 9.2.85). Channels that have no multiplex
type identification match with the source MCS shall be processed with the value as input from the
associated channel in the multiplexDefaultValuesTag (see 9.2.84) or a zero multiplex channel value if
this tag is not present.

The number of data channels resulting from the transform shall match the number of channels defined
by the spectralPCS field in the Profile header.
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If this tag is not present then relative spectral processing shall be performed by using the absolute
MToS3Tag and then adjusting the PCS values by the spectral media white point.

9.2.97 MToS2Tag
Tag signature: ‘M2S2’ (4d325332h).
Permitted tag type: multiProcessElementsType.

This tag provides a transformation using a multiProcessElementsType (see 10.2.16) tag that converts
from multiplex channel values to spectral PCS values for the saturation rendering intent.

The pumber of data channels provided to the transform shall match the number of channells associated
with|the MCS field in the Profile header. MCS connection shall result in multiplex channgl values for
channels with matching multiplex type identifications (see 9.2.85). Channels that have o multiplex
typel|identification match with the source MCS shall be processed with the value as ingut from the
asso¢iated channel in the multiplexDefaultValuesTag (see 9.2.84) or a zero multiplex channel value if
this tag is not present.

The humber of data channels resulting from the transform shall matchhé number of chanpnels defined
by the spectralPCS field in the Profile header.

9.2.98 MToS3Tag
Tag qignature: ‘M2S3’ (4d325333h).
Pernjitted tag type: multiProcessElementsType.

This|tag provides a transformation using a multiProcessElementsType (see 10.2.16) tag that converts
from| multiplex channel values to spectral PCS values for the absolute rendering intent.

The number of data channels provided to_ the transform shall match the number of channels associated
with|the MCS field in the Profile headef.l;MCS connection shall result in multiplex channg¢l values for
chanpels with matching multiplex type identifications (see 9.2.85). Channels that have no multiplex
type|identification match with the source MCS shall be processed with the value as ingut from the
asso¢iated channel in the multiptexDefaultValuesTag (see 9.2.84) or a zero multiplex chapnel value if
this tag is not present.

The humber of data channels resulting from the transform shall match the number of chanpels defined
by the spectralPCS field.in the Profile header.

If this tag is not¢present then absolute spectral processing shall be performed by using|the relative
MToB1Tag and.then adjusting the PCS values by the media white point.

9.2.99 namedColorTag

. .' )
Tag lgn:\hlrn nmcl (RDF\HF\QRFH)

Permitted tag type: tagArrayType as a namedColorArray.

Named colour information is provided as a namedColorArray (see 13.2.1) defined as a tagArrayType
of tintZeroStructure and namedColorStructure elements. Information related to a named colour can
include PCS and as optional device representation for a list of named colours. The first element in the
array shall be a tintZeroStructure which corresponds to colour values when a zero tint of any named
colour is used. See 12.2.7 for a complete description of contents and usage of a tintZeroStructure.
Succeeding elements shall be defined as a namedColorStructure. See 12.2.5 for a complete description
of contents and usage of a namedColorStructure.
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9.2.100 perceptualRenderingIntentGamutTag

Tag signature: ‘rig0’ (72696730h).

Permitted tag type: signatureType.

There is only one standard reference medium gamut, defined according to ISO 12640-3. When the
signature is present, the specified gamut is defined to be the reference medium gamut for the PCS side
of both the AToBO and BToAO tags, if they are present. If this tag is not present the perceptual rendering
intent reference gamut is unspecified.

The standar

d PCS reference medium gamut signatures that shall be used are listed in Table 35:

Because the
this renderi

NOTE It

9.2.101 prd
Tag signatul
Permitted t§

Structure c

content of this structure is described in 10.2.15. This invariant description has no fixed relationsH

the actual p

NOTE It
is included in

9.2.102 pra
Tag signatul
Permitted t

The profile]
array of prd
elements of]
destination.

Table 35 — Perceptual rendering intent gamut

Name Signature Hexidecimal encod-
ing
Perceptual reference medium gamut ‘prmg’ 70726D67h

perceptual intent is the typical default rendering intent, the PRMG(should be considere
hg intent.

is possible that the ICC will define other signature values in the future.

fileDescriptionTag
re: ‘desc’ (64657363h).
g type: multiLocalizedUnicodeType.

bntaining invariant and localizable versions of the profile description for display

Fofile disk file name.

is helpful if an identification of the characterization data that was used in the creation of the p
the profileDescriptionTag (e.g."based on CGATS TR 001"[3]).

fileSequencelnformatienTag
re: ‘psin’ (7073696€h).
g type: tagAnrayType with an array type identifier of 'pinf' (70696e66h).

bequencelnformationTag shall contain a profileInfoArray (see 13.2.2) which contairy
fileInfoStructure structures that each contain information about a profile. The succe
thé\array provide a description of the successive profiles in a sequence from sour

d for

The
ip to

rofile

IS an
Ssive
ce to
. See

The profileSequencelnformation tag is typically used with the DeviceLink profile

12.2.6 for a complete description of contents and usage of a profileInfoStructure.

9.2.103 referenceNameTag

Tag Signature: ‘rfnm’ (72666e6dh).

Tag Type: utf8Type.

This text shall contain the Reference name for the three component encoding. This may correspond to
the Reference Name field in the 3-component colour encoding registry on the ICC website (http://www

.color.org).
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When the three component colour encoding profile utilizes a standardized colour space encoding,
the elements of the colorEncodingParamsTag can be assumed and any elements existing in the
colorEncodingParamsTag shall be considered as overrides of the default values.

If the referenceName tag solely contains the text “ISO 22028-1" (quotes excluded) then the profile
shall uniquely define the necessary parameters in the colorEncodingParamsTag. In this case the
colorEncodingParamsTag shall be included and all elements shall be fully defined for the colour space.
Additionally, the colorSpaceNameTag shall exist and define the assumed reference name for the colour
space encoding.

9.2.104 saturationRenderingIntentGamutTag

Tag dignature: ‘rig2’ (72696732h).
Pernjitted tag type: signatureType.
This|tag is fully specified by ISO 15076-1.

9.2.105 spectralViewingConditionsTag
Tag dignature: ‘sven’ (7376636¢€h).
Pernjitted Tag types: spectralViewingConditionsType.

The teference colorimetric observer and the reference illuminant are defined in this tag. When this tag
is present it describes the viewing conditions associated‘with both the colorimetric and spectral PCS.
The ¢ontent of this structure is described in 10.2.21.

The tolorimetric observer type and illuminant type fields of this structure provide infojmation that
shallf be used for the purposes of matching viewing conditions of profiles and determiring the PCS
conversion transforms to use for PCS processing. The correlated colour temperature field|is also used
for the purposes of matching viewing conditions when the illuminant type value is “Black Hody defined
by CCT “ (00000009h) or “Daylight defined by CCT “ (0000000Ah).

9.2.106 spectralWhitePointTag
Tag dignature: ‘swpt’ (73777074h).
Pernjitted tag type: floatl6ArrayType, float32ArrayType, ulntl6ArrayType.

Thistag is required when the spectral PCS is non-zero to define the PCS for the white poirt associated
with|the data in theprofile. The number of entries in the array shall match the number of enfries implied
by the spectrahRCS that is being used.

This tag isused when converting absolute spectral measurement data to relative spectral measurement
datalor-relative spectral measurement data to absolute spectral measurement data.

9.2.107 standardToCustomPccTag
Tag signature: 's2cp' (73326370h).
Permitted Tag types: multiProcessElementsType.

This tag provides the transform needed to convert from the colorimetry defined by the1931 standard
colorimetric observer with a D50 illuminant to the colorimetry defined by the observer and illuminant
defined in the spectralViewingConditionsTag. The multiProcessElementsType structure shall define a
sequence of one or more transforms that performs this conversion.

The number of both the input and output channels of the transform shall be three.
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faceMapTag

Tag signature: ‘smap’ (736d6170h).

Permitted tag type: embeddedNormallmageType or embeddedHeightlmageType.

This tag allows a normal map or height map to be associated with surface characteristics of all colours

specified by

the encapsulating profile.

9.2.109 technologyTag

Tag signature—teeh{74656368h3-

Permitted tag type: signatureType.

Values for this tag are specified by either ISO 15076-1 or separate profile class specifications.

10 Tag type definitions

10.1 Genefal

All tags, including private tags, shall have as their first four bytes a tag type signature to identify to
profile readers what kind of data are contained within a tag. This encourages tag type reuse and allows
profile parsers to reuse code when tags use common tag types>The second four bytes (4 to 7)) are
reserved forf future expansion and shall be 0 in this document. Thetag signature for all private tags and
any tag type signature not defined in Clause 10 shall be registéred with the ICC (see Clause 5) in ¢rder
to prevent sjgnature collisions.

One or morp tag types are associated with each tag defined in 9.2. The tag type definitions in|10.2
specify the data structure that shall be used in creating the contents of the tag data element for each tag.
All tag data|elements, including those of private tags, shall have a tag type signature in bytes 0to 3.
Bytes 4 to 7|are reserved for future expansiényand shall be 0.

Any private|tag types used shall be registered with the ICC to prevent tag type signature collisions.
NOTE An effort was made to makeJsure 1-byte, 2-byte and 4-byte data lies on 1-byte, 2-byte and 4f-byte
boundaries, fespectively. To achievie this, extra spaces indicated with “reserved for padding” are included in
some tag typg definitions.

Where not ¢therwise spetified, value 0 is defined to imply “unknown value” for all enumerated|data
structures.

Where not ¢therwise*specified, the least-significant 16 bits of all 32-bit flags in the type descriptions
below are r¢served-for use by the ICC.

Inmanyof1 o“tahle hown in ause 0 the follg ngo a used-in the encading co mn rthe

various numer

ic types listed in 4.2: numeric type[X

]

where X represents the number of values in

that

position. Where [...] is used the number of values depends on the number of channels in the tag type or
number of entries in a table.

10.2 Speci

fic tag type listing

10.2.1 colorantOrderType

This is an optional tag that specifies the laydown order in which colorants are printed on an
n-colorant device. The laydown order may be the same as the channel generation order listed in the
colorantTableTag or the channel order of a colour encoding type such as CMYK, in which case this tag is
not needed. When this is not the case (for example, ink-towers sometimes use the order KCMY), this tag
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may be used to specify the laydown order of the colorants. When used, the byte assignments shall be as
given in Table 36.

Table 36 — colorantOrderType encoding

Byte posi-| Field length Content Encoded as...
tion (bytes)

0to3 4 ‘clro’ (636¢726fh) type signature

4t07 4 Reserved, shall be 0

8to 11 4 Count of colorants (n) ulnt32Number

12 1 Number of the colorant to be printed first. uInt8Nu¢1ber

By Dt [Theremaimingntcoloransare described namannercon |y g

The size of the array is the same as the number of colorants. The first position‘in the artray contains
the rfumber of the first colorant to be laid down, the second position contains\the number of the second
colorjant to be laid down, and so on, until all colorants are listed.

Wheh this tag is used, the "count of colorants" shall be in agreement with the data dolour space
signature of 7.2.8.

10.2{2 curveType

The ¢urveType contains a 4-byte count value and a one-dimensional table of 2-byte values.|When used,
the hyte assignment shall be as given in Table 37.

Table 37 — curveType encoding

Byt¢ posi- Field

yi¢p length Content Encoded as...

tjon
(bytes)
OtoB 4 ‘curv’ (63757276h) type signature
4tof 4 Reserved, shall be 0
8to [l 4 Count yalue specifying the number of entries (n) that follow ulnt32Number
; : th :
12tdend |21 Ac.tual curve values starting with the zeroth entry and ending ulnt16Nurhber [..]a
with-the entry n-1

a  [fn=1the field lengthris 1 and the value is encoded as a u8Fixed8Number.

The furveType embodies a one-dimensional function that maps an input value in the ddmain of the
function to an eutput value in the range of the function. The domain and range values shpll be in the
rangf of 0,0t0 1,0.

— hen'n is equal to 0 an identity response is assumed;

— when n is equal to 1, then the curve value shall be interpreted as a gamma value, encoded as a
u8Fixed8Number. Gamma shall be interpreted as the exponent in the equation y = x¥ and not as an
inverse;

— whennis greater than 1 the curve values (which embody a sampled one-dimensional function) shall
be defined as follows:

The first entry shall be located at 0,0, the last entry at 1,0, and intermediate entries shall be uniformly
spaced using an increment of 1,0 + (n — 1). These entries shall be encoded as ulntl16Numbers (i.e. the
values represented by the entries in the range 0,0 to 1,0 shall be encoded in the range 0 to 65 535).
Function values between the entries shall be obtained through linear interpolation.

If the input is PCSXYZ, 1 + (32 767/32 768) shall be mapped to the value 1,0. If the output is PCSXYZ, the
value 1,0 shall be mapped to 1 + (32 767/32 768).
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10.2.3 dataType

The dataType is a simple data structure that contains either UTF8 or binary data, i.e. utf8Type data or
transparent 8-bit bytes. The length of the string is obtained by subtracting 12 from the tag data element
size portion of the tag itself as defined in 6.3.5. If this type is used for UTF8 data, it shall be terminated
with a 00h byte. When used, the byte assignment shall be as given in Table 38.

NOTE This represents an extension of the dataType in ISO 15076-1 that uses ASCII encoding for text. Since
ASCII encoding is a proper subset of UTF8 encoding the use of ASCII encoding has been replaced with UTF8
encoding for text-based data.

= 1.1 20 1 & Laal "
IdDIC 00 — Udid 1y pT ClitOUlIlg

Byte posi- Field
y tiopn length Content
(bytes)
0to3 L ‘data’ (64617461h) type signature
4to7 . Reserved, shall be 0
8to 11 ) Data flag, 00000000h represents UTF8 data, 00000001h repfesents binary data, other
values are reserved for future use

tag data A string of ((tag data element size) - 12) UTF8 charactets or ((tag data element siz¢) -
12toend |element 5 & §

ize) - 12 12) bytes

10.2.4 dateTimeType

This dateTimmeType is a 12-byte value representation of the time and date. The actual values are encoded
as a dateTimeNumber described in 4.2.1.2. When used, the byte assignment shall be as given in Table 39.

Table 39 — dateTimeType encoding

Byte posi- Field
ytep length Content Encoded as...
tion
(bytes)
0to3 L ‘dtim’ (6474696Dh) type signature
4to7 . Reserved, shallbe 0
8to 19 [ 2 Date and(time dateTimeNumber

10.2.5 dict{Type

The dictTypleStructute contains a dictionary array of name-value pairs with each name being uniguely
associated With a.single value. Each name and value can optionally be associated with localized text
strings for display purposes.

The byte assignment and encoding shall be as given in Table 40 and Table 41.

Table 40 — dictType encoding

Byte posi-| Field length Content Encoded as...
tion (bytes)

Oto3 4 ‘dict’ (64696374h) type signature

4to7 4 Reserved, shall be 0

8to11 4 Number of name-value records (M) ulnt32Number

12t015 |4 ‘"l;;lliie:fatl}ll gielzzngicr)rll‘%\z/alue record, in bytes (N). The ulnt32Number
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Table 40 (continued)
Byte posi-| Field length Content Encoded as...
tion (bytes)
16 to 15+N [N The first name-value record See Table 41
16+N to o
154M*N N*(M-1) Additional name-value records as needed
16+M*N to (tag data . Storage area of strings of Unicode characters and multiLo-
end element size] calizedType tags
- (16+M*N)

Table 41 — Name-Value record structure

Bytg posi-| Field length Content Encodfd as...
tion (bytes)

Oto} 8 Name string position of UTF16 text array positionNunber

8to L5 8 Value string position of UTF-16 text array positionNunllber

16td23 |8 Display name element position of multiLocalizedType positionNuaner
tag element

241d 31 8 Display value element position of multiLocalizedType positionNunjber
tag element

The value in the length of each name-value record filed (NJ:shall determine how many entries shall be
present in each name-value record.

— When the length value is 16, each name-value record shall be 16 bytes long and only the
ositionNumber values for the name and valuetitems shall be present.

hen the length value is 24, each name-value record shall be 24 bytes long and only the
ositionNumber values for the name, value and display name items shall be present.

hen the length value is 32, each1iaime-value record shall be 32 bytes long and the positionNumber
alues for the name, value, display'name, and display value items shall be present.

general use of dictType;there may be no localized values, so a name-value record Jength of 16
would be appropriate. In other~use cases, localized display values are needed, and 32 wopld be used.
Wheh using localization foryvalue fields and not localizing names, use 32-byte name-value 1fecords with

A name string shall.be present for each name-value record and name string positionNumber size shall
be gieater than.zéro. Other data items referenced by the name-value record are optional according to
dictType, although particular dictType tag definitions my impose restrictions.

Both| the wame string and value string shall be encoded as UTF-16 strings and shall NOT be zero
termjimated.

Name strings shall contain at least one Unicode character, and the string contents of each name string
shall be unique within a dictTypeTag. In general, a zero-length string (NUL) is valid for value strings, and
shall be indicated by a non-zero value string positionNumber offset and a value string positionNumber
size equal to zero.

NOTE Value string = NUL may be restricted for particular dictType tags.

A positionNumber offset of zero shall indicate that the corresponding data item is not present as it is
undefined. When a positionNumber offset is zero, the meaning of the corresponding positionNumber
size is undefined and shall be zero. When a localized display name or display value positionNumber
is undefined (positionNumber offset equal to zero), no translation is provided for the corresponding
name string or value string, and the name string or value string may be displayed. This is equivalent to
the behaviour for all name string and value strings when the name-value record length is 16.
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Alternatively, a defined display name element positionNumber offset (non-zero) with a display name
element positionNumber size equal to zero indicates that the name string is not intended for display.
Similarly a defined display value element positionNumberOffset (non-zero) with a display value element
size equal to zero indicates that the value string, if provided, is not intended for display. A localized
display value may be provided without a localized display name.

Data may be shared between the name-value records of a dictType tag. For example, the offsets for the
value strings can be identical, as well as the offsets for display value elements can be identical.

The following pseudocode can be used to determine string validity where pos is value string
positionNumber, display name positionNumber, or display value positionNumber:

If pos.offset
Then item id
Else

If ((pos.offsg

(pos.off]

If ((iten]

Else if (

Else if (

Else

Unless othel

— Anumb
decimal
shall co
indicate

— Multiplg

undefined (pos.length can be ignored when pos.offset is zero)

bt >= 20+N*M) && ((pos.length>= minSizeofltemType) || (Length=0)) &&
Set + pos.length <=end+1)
Then item is defined.
==value string) &&( pos.length==0)
Then value string is NUL string
item== display name element) && (pos.length)=%0)
Then name string is not for display use and@o display name is provided
item==display name element) && pos:léngth)==0)

Then value string is not for display'wse and no display value is provided

THROW_ERROR(“pos.offset is not zero and pos.offset or pos.length are invalid”)

'wise stated, numbers shall be encoded in the string value as follows:

er shall be encoded as zero or more blanks and/or tabs, an optional ‘+’ or ‘~* sign, a string of

digits that centain one decimal point ’, and an optional exponent part. The exponent
hsist of ‘e’ gp<E’, an optional ‘+’ or ‘-* sign, and one or two decimal digits. The exponent
a powerof10.

t nuinbers stored in a single string shall be separated by one comma ‘ between adj

part
shall

hcent

number

S:

10.2.6 embeddedHeightlmageType

This type provides support for embedding an image that defines a height map. The structure encoding

shallbeas g

76

iven in Table 42.
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Table 42 — embeddedHeightlmageType encoding

Byte posi- Field
ytep length Content Encoded as...
tion
(bytes)
0to3 4 ‘ehim’ (6568696dh) type signature
4to07 4 Reserved, shall be 0
8to 11 4 Seamless indicator See Table 43
12to 15 |4 Height image encoding format See Table 44
16to19 |4 Height in meters of minimum pixel value float32Number
20tq 23 4 Height in meters of maximum pixel value float32Number
(tag data
24tdend |element Height image data
size) - 12

The dlisplacement image data can be created so that when the displacement map is tiled acrgss a surface

it haj
has t

The i
field

The
the d
mete
shall
pixel

The |
mech
size

no visible seams. The Seamless indicator field indicates if the displacentent image is s
he values as given in Table 43.

Table 43 — Displacement image type

Image Type Value

0
1

Not seamless

Seamless

mage data shall be encoded using the image file format defined by the Displacement In
which can have the values given in Table 44

Table 44 — Displacement image encoding formats

Image Encoding Format Value

PNG
TIFF

fontents of a Displacement Image shall be encoded as greyscale pixels used to identify
isplacement. A pixebwith a minimum pixel value shall have a displacement equal to t
rs defined by théheight in meters of minimum pixel value field. A pixel with a maximun
have a displacement equal to the height in meters defined by the height in meters (
value fields

bhysical-dimensions of the pixels in the image shall be encoded by using the approprig
janisngs of the image-encoding format. The PNG format uses the pHYs chunk to specify

ramless and

hage Format

the height of
he height in
h pixel value
f maximum

te encoding
the physical

pf-the image. The TIFF format uses the perResolutionUnit, XResolution and YResoly

tion tags to

spec

10.2.

fythe physicat dimensions:

7 embeddedNormallmageType

This type provides support for embedding an image that defines a normal map. The structure encoding

shall

© ISO

be as given in Table 45.
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Table 45 — embeddedNormallmageType encoding

Byte posi- Field
ytep length Content Encoded as...
tion
(bytes)
Oto3 4 ‘enim’ (656e696dh) type signature
4to7 4 Reserved, shall be 0
8to 11 4 Seamless indicator See Table 46
12to15 |4 Normal image encoding format See Table 47
(tag data
16 toend |fTement Normal 1mage data
ize) - 12
The normal|image data can be created so that when the normal map is tiled across a sugface it has no
visible sean]s. The Seamless indicator field indicates if the normal image is seamless and has the values
as given in Table 46.
Table 46 — Normal image type
Image type Value
Not seamless 0
Seamless 1
The image data shall be encoded using the image file format definéd by the Normal Image Format|field
which can hpve the values as given in Table 47.
Table 47 — Normal imageencoding formats
Image encoding format Value
PNG 0
TIFF 1
The contents of a Normal Image shall be‘encoded as RGB pixels used to identify XYZ direction df the
normal vectjor for each point in the image. RGBs are mapped to XYZ directions as follows:
1) red maps from (0 - maximuin red value) to X (-1,0 - 1,0);
2) green maps from (0 - maximum green value) to Y (-1,0 - 1,0);
3) blue maps from (0 =‘raximum blue value) to Z (0,0 - 1,0).
Since normgls pointitewards the observer, negative values of Z are not encoded. The maximum values
for the red, [greenyand blue channels can be found by accessing the appropriate fields of the PNG and

TIFF files. T

he'length of the vector specified by the XYZ direction shall be equal to 1,0.

The physical dimensions of the pixels in the image shall be encoded by using the appropriate encoding
mechanisms of the image-encoding format. The PNG format uses the pHYs chunk to specify the physical
size of the image. The TIFF format uses the perResolutionUnit, XResolution and YResolution tags to
specify the physical dimensions.

10.2.8 floa

t16ArrayType

This type represents an array of generic 16-bit encoded half-precision floating point values. The number
of values is determined from the size of the tag.

When used,
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the byte assignment and encoding shall be as given in Table 48.
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Byte position Field length Content Encoded as...
(bytes)
0..3 4 'f116' (666c3136h) type signature
4.7 4 Reserved, shall be 0
8..end 2N Anarray of 16-bithalf-precision floating point numbers | float16Numberf...]

10.2.9 float32ArrayType

This

4 £ 12 Lot daod o3 ] L] £1 A3 S
L_y PC I ClJl Cotlito di1r al'l Cl_y Ul sCllCl IC 047 UIL TIILUUTU Dlllslc lJl CULISIUIT llUGl\,llls PUlllL IITUIIl

The pumber of values is determined from the size of the tag.

Wheh used, the byte assignment and encoding shall be as given in Table 49.

Table 49 — float32ArrayType encoding

bers values.

Byte position Field length Content Encoded as...
(bytes)
0.3 4 'f132' (666¢3332h) type signature
4.7 4 Reserved, shall be 0
8..end 4N An array of 32-bit single-precision floating point |float32Numberf...]
numbers
10.2{10 float64ArrayType
This type represents an array of generic 64-bit encoded double-precision floating point nunibers values.

The pumber of values is determined from the size of the tag.

Wheh used, the byte assignment and enceding shall be as given in Table 50.

Table 50 — float64ArrayType encoding

Byte position Field length Content Encoded as...
(bytes)
0.3 4 'fl64' (666c3634h) type signature
4.7 4 Reserved, shall be 0
8..end 8N An array of 64-bit double-precision floating float64Number]...]
point numbers
10.2}11 gamutBoundaryDescriptionType

The

hat describe

FamutBoundaryDescriptionType structure encodes a collection of vertices and faces t

a gar

nut boundary. 1ne vertices contain a FLS value and an optional device value. I'he 1aces contain a

list of vertex IDs. The order of the vertex IDs shall be clockwise when viewed from outside of the gamut.
The encoding shall be as shown in Table 51.

Table 51 — Gamut boundary description encoding

Byte position Field length Content Encoded as...
(bytes)
0.3 4 'gbd ' (67626420h) type signature
4.7 4 Reserved, shall be 0
8.9 2 Number of PCS channels (P) ulntl6Number
10..11 2 Number of device channels (Q) ulntl6Number
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Table 51 (continued)

Byte position Field length Content Encoded as...
(bytes)

12..15 4 Number of vertices (V) ulnt32Number
16..19 4 Number of faces (F) ulnt32Number

20 .. 19+F*12 F*12 Array of vertex IDs for each face ulnt32Number
20+F*12 .. V*p*4 Array of PCS coordinates for each vertex float32Number
19+F*12+V*P*4

20+F*12+4V*P*4 ... |V*Q*4 Array of device coordinates for each vertex float32Number
end

The numbe
zero if devid

The number
The number

The array d
organized s
and so on. T
order of the

The array d
correspondj
range of val

The optionall array of device values contains one devicewalue for each vertex. The order of the ver

correspondj
range of val

The set of {4
NOTE Ey

Annex B prd
10.2.12 lut4

10.2.12.1

This structy
are stored i
with offset {

of PCS channels (P) shall be three or greater. The number of output channels (Q)"c3
e values are not included.

of vertices shall be four or greater.
of faces shall be four or greater.

f vertex IDs is an array that specifies the IDs of each vertexcofi€ach face. The arr
b that the three IDs of the first face are specified first, the threélDs of the second face
he ID of the vertex is a number that shall be between 0 and-V-1. This ID corresponds t|
vertices in the vertex array.

f vertex PCS values contains one PCS value for each’ vertex. The order of the ver
with the vertex IDS from the face description. The range of the Output Channels i
les that can be represented as float32Number.

with the vertex IDS from the face description. The range of the Output Channels i
1es that can be represented as float32Number.

ces should constitute a closed voluine.
Iler’s formula can be used to vefify'that the volume is closed.

vides details of the encgding and use of a gamutBoundaryDescriptionType.
\ToBType

General

ire represents a colour transform. The type contains up to five processing elementg
h thetAToBTag tag in the following order: a set of one-dimensional curves; a 3 x 3 m|
ernis; a set of one-dimensional curves; a multi-dimensional lookup table; and a set of

dimensiona

in be

ay is
next,
o the

tices
s the

tices
s the

that
atrix
one-

ovfput curves. Data are processed using these elements via the following sequence:

("A" curves) = (multi-dimensional lookup table, CLUT) = ("M" curves) = (matrix) = ("B" curves).

NOTE
profiles.

The processing elements are not in this order in the tag to allow for simplified reading and writing of

It is possible to use any or all of these processing elements. At least one processing element shall be
included. Only the following combinations are permitted:

B;
M, Matr
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ix, B;

A, CLUT, B;
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— A, CLUT, M, Matrix, B.

Other combinations may be achieved by setting processing element values to identity transforms. The
domain and range of the A and B curves and CLUT are defined to consist of all real numbers between
0,0 and 1,0 inclusive. The first entry is located at 0,0, the last entry at 1,0, and intermediate entries are
uniformly spaced using an increment of 1,0/(m-1). For the A and B curves m is the number of entries
in the table. For the CLUT M is the number of grid points along each dimension. Since the domain and
range of the tables are 0,0 to 1,0 it is necessary to convert all device values and PCSLAB values to this
numeric range. It shall be assumed that the maximum value in each case is set to 1,0 and the minimum
value to 0,0 and all intermediate values are linearly scaled accordingly.

Whepusing-thistype;ttisnecess
chanpel. The channel order shall
7.2.8land 7.2.9)

tptt and output

be the same as that associated with the colour space'signature (see

Wheh used, the byte assignment and encoding shall be as given in Table 52.

Table 52 — lutAToBType encoding

Byte position Fie(l:ylt(z l;'();th Content Encoded as...

0tob 4 ‘mAB’ (6D41_4220h) [multi-functien A-to-B
table] type signature

4tof 4 Reserved, shall be 0
8 1 Number of Input Channels\({) ulnt8Number
9 1 Number of Output Channels (o) ulnt8Number
10tq 11 2 Reserved for padding, shall be 0
12 tg 15 4 Offset to first "Bicurve ulnt32Number
16 td 19 4 Offset to mdtrix ulnt32Number
20 tq 23 4 Offset tofirst "M" curve ulnt32Number
24 tq 27 4 Offset'to CLUT ulnt32Number
28tq 31 4 Qffset to first "A" curve ulnt32Number
32 tq end Variable Data

Each|curve and processingelement shall start on a 4-byte boundary. To achieve this, each item shall be
folloyed by up to three @0h pad bytes as needed.

Curvg data elements may be shared. For example, the offsets for A, Band M curves can be iglentical.

The ¢ffset entries (bytes 12 to 31) point to the various processing elements found in the tag The offsets
indidate the-nlvmber of bytes from the beginning of the tag to the desired data. If any of the offsets are
zero) it ig amrindication that processing element is not present and the operation is not performed.

This tag’type may be used indppnndpnf of the value of the PCS field cppr‘ifipd inthe header

10.2.12.2 "A" curves

The number of "A" curves is the same as the number of input channels. The "A" curves may only be used
when the CLUT is used. The curves are stored sequentially, with 00h bytes used for padding between
them if needed. Each "A" curve is stored as an embedded curveType or a parametricCurveType (see
10.2.2 or 10.2.17). The length is as indicated by the specification of the respective curve type. Note that
the entire tag type, including the tag type signature and reserved bytes, is included for each curve.

10.2.12.3 CLUT

The CLUT appears as an n-dimensional array, with each dimension having a number of entries
corresponding to the number of grid points.
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The CLUT values are arrays of 8-bit or 16-bit unsigned values, normalized to the range of 0 to 255 or 0

to 65 535.

The CLUT is organized as an i-dimensional array with a variable number of grid points in each
dimension, where i is the number of input channels in the transform. The dimension corresponding to
the first channel varies least rapidly and the dimension corresponding to the last input channel varies
most rapidly. Each grid point value is an o-integer array, where o is the number of output channels. The
first sequential integer of the entry contains the function value for the first output function, the second
sequential integer of the entry contains the function value for the second output function and so on
until all of the output functions have been supplied. The size of the CLUT in bytes is (nGrid1 x nGrid2

x,..x nGridN

) x number of output channels (o) x size of (channel component).

When used,

the byte assignment and encoding for the CLUT shall be as given in Table 53.

Table 53 — lutAToBType CLUT encoding

. Field length
Byte position (bytes) Content Encoded as...
Number of grid points in each dimension.
Only the firsti entries are used, where i is
0to15 16 the number of input channels. Unused entries ult8Number[16]
shall be 00h.
Precision of data elements in bytes.
16 1 Shall be either 01h or 02h. ulnt8Number
17 to 19 3 Reserved for padding, shall be 0
. CLUT data points (arranged as'described in  [ulnt8Number [...] or
20 to end Variable the text). ulntl6Number [...]
If the numbgr of input channels does not equal the number of output channels, the CLUT shall be pregsent.
If the numbeér of grid points in a one-dimensional curve, or in a particular dimension of the CLUT, ig two,
the data for|those points shall be set so that thé.correct results are obtained when linear interpolption
is used to ggnerate intermediate values.
10.2.12.4 "M" curves
When presept, the number of "M'/curves shall be the same as the number of output channels. The cyrves
are stored gequentially, with 00h bytes used for padding between them if needed. Each "M" curve is
stored as ai} embedded curveType or a parametricCurveType (see 10.2.2 or 10.2.17). The length|is as

indicated by

tag type sig
when the m

nature and-reserved bytes, is included for each curve. The "M" curves may only be
htrix is used.

the specification of the respective curve type. Note that the entire tag type, including the

used
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10.2.12.5 Matrix

The matrix is organized as a 3 x 4 array. The elements appear in order from e;-e12. The matrix elements
are each s15Fixed16Numbers, as shown in Formula (5):

array = [e11, €12, .., €1P, €21, €22, -, €2P, «.., €Q1, €Q2) -y €QP; €1, €2, -, €(] (5)

The matrix is used to convert data to a different colour space, according to Formula (6):

Yl—‘ ell 312 elp IVXI—‘ el

L] k| 622 €2P X C7
_ 172 (6)

Yol [o1 €02 eor]|Xp] [0
The range of input values X1, X2 and X3 is 0,0 to 1,0. The resultant values Y1, Y2 and Y3 shall be clipped to
the range 0,0 to 1,0 and used as inputs to the "B" curves.

10.2{12.6 “B" curves

The humber of "B" curves shall be the same as the number of output channels. The curves are stored
sequpntially, with 00h bytes used for padding between themif ' needed. Each "B" curve [is stored as
an embedded curveType or a parametricCurveType (see 10.2¢2or 10.2.17). The length is ps indicated
by tHe specification of the respective curve type. Note that.the entire tag type, including the tag type
signgture and reserved bytes, are included for each curye:

10.2{13 lutBToAType

10.2|13.1 General

This|structure represents a colour transform. The type contains up to five processing elethents which
are stored in the BToATag in the following order: a set of one-dimensional curves; a 3 x 3 matrix with
offset terms; a set of one-dimensional curves; a multi-dimensional lookup table; and af set of one-
dimgnsional curves. Data are progessed using these elements via the following sequence:

("B" curves) = (matrix) =-¢"M" curves) = (multi-dimensional lookup table, CLUT) = ("Al' curves).

It is possible to use anyZor all of these processing elements. At least one processing elenment shall be
included. Only the fellowing combinations are permitted:

, Matrix;M;
LCLUT, A;

— B, Matrix, M, CLUT, A.

Other combinations may be achieved by setting processing element values to identity transforms. The
domain and range of the A and B curves and CLUT are defined to consist of all real numbers between
0,0 and 1,0 inclusive. The first entry is located at 0,0, the last entry at 1,0, and intermediate entries are
uniformly spaced using an increment of 1,0/(m-1). For the A, M and B curves m is the number of entries
in the table. For the CLUT m is the number of grid points along each dimension. Since the domain and
range of the tables are 0,0 to 1,0 it is necessary to convert all device values and PCSLAB values to this
numeric range. It shall be assumed that the maximum value in each case is set to 1,0 and the minimum
value to 0,0 and all intermediate values are linearly scaled accordingly.

When using this type, it is necessary to assign each data colour space component to an input and output
channel. The channel order shall be the same as that associated with the colour space signature (see
7.2.8 and 7.2.9)
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the byte assignment and encoding shall be as given in Table 54.

Table 54 — lutBToAType encoding

Byte position Fie(l;lyl;: rgth Content Encoded as...

0to 3 4 ‘mBA’ (6D424120h) [multi-function BToA
table] type signature

4to7 4 Reserved, shall be 0
8 1 Number of Input Channels (i) ulnt8Number
9 1 Number of Output Channels (o) ulntsNumber
10-11 2 Reserved for padding, shall be 0
12 to 15 4 Offset to first "B" curve ulnt32Number
16 to 19 4 Offset to matrix ulnt32Number
20to 23 4 Offset to first "M" curve ulnt32Number
24 to 27 4 Offset to CLUT ulnt32Number
28to 31 4 Offset to first "A" curve ulnt32Number
32 to end Variable Data
Each curve and processing element shall start on a 4-byte boundary.-Fo)achieve this, each item may be

followed by
Curve data ¢

The offset e}
indicate the
Zero, it is an|

This tag typ,
10.2.13.2
The numbe

sequentially
embedded d

up to three 00h pad bytes as needed.
lements may be shared. For example, the offsets for A, B and M curves may be identicd

htries (bytes 12 to 31) point to the various progessing elements found in the tag. The of
number of bytes from the beginning of the tag to the desired data. If any of the offset]
indication that processing element is not present and the operation is not performed.

e shall only be used when the PCS field inh the header specifies either PCSXYZ or PCSLA

"B" curves

' of "B" curves is the samie as the number of input channels. The curves are sf
with 00h bytes used forypadding between them if needed. Each "B" curve is stored
urveType tag or a parametricCurveType (see 10.2.2 or 10.2.17). The length is as indi

—

fsets
S are

B.

ored
hS an
rated

by the specification of the curvetype. Note that the entire tag type, including the tag type signature and
reserved bytes, is included foreach curve.
10.2.13.3 Matrix
The matrix Is organized as a 3 x 4 array. The elements of the matrix appear in the type in order fram e
to e12. The matrix'elements are each s15Fixed16Numbers, as shown in Formula (7):
array = [eq, ez, 3, €4, €5, €6, €7, e, €9, €10, €11, €12] (7)

The matrix is used to convert data to a different colour space, according to Formula (8):

Yi| |er €2 es||X1]| |ew

Yo|=|es es e || X2 |+ en (8)

Y3] |e7 eg eq||[X3]| |e€12

The range of input values X1, X2 and X3 is 0,0 to 1,0. The resultant values Y1, Y2 and Y3 shall be clipped to
the range 0,0 to 1,0 and used as inputs to the "M" curves.

The matrix is permitted only if the number of output channels, or "M" curves, is three.
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10.2.13.4 "M" curves

When present, the number of "M" curves shall be the same as the number of input channels. The curves
are stored sequentially, with 00h bytes used for padding between them if needed. Each "M" curve is
stored as an embedded curveType or a parametricCurveType (see 10.2.2 or 10.2.17). The length is as
indicated by the specification of the proper curve type. Note that the entire tag type, including the tag
type signature and reserved bytes, are included for each curve. The "M" curves may only be used when
the matrix is used.

10.2.13.5 CLUT

The [CLUT appears as an n-dimensional array, with each dimension having a numbe} of entries
corr¢sponding to the number of grid points.

The CLUT values are arrays of 8-bit or 16-bit unsigned values, normalized to the range of () to 255 or 0
to 65 535.The CLUT is organized as an i-dimensional array with a variable numbér, of grid ppints in each
dimegnsion, where i is the number of input channels in the transform. The dimension corrgsponding to
the fjrst channel varies least rapidly and the dimension corresponding to_therlast input channel varies
most rapidly. Each grid point value is an o-integer array, where o is the aumber of output clhannels. The
first sequential integer of the entry contains the function value for thefirst output functior], the second
sequential integer of the entry contains the function value for the(second output functi(iln and so on
until|all of the output functions have been supplied. The size ofthe CLUT in bytes is (nGrid1 x nGrid2
x...x nGridN) x number of output channels (0) x size of (channel*component).

Wheh used, the byte assignment and encoding for the CLUT,shall be as given in Table 55.

Table 55 — lutBToAType CLUT encoding

. Field length
Byte position (bytes) Content Encoded as...

Number. of grid points in each dimension.
Only the first i entries are used, where i is

0tol5 16 the(humber of input channels. Unused entries ulnt8Number(16]
shall be 00h.
Precision of data elements in bytes.

16 1 Shall be either 01h or 02h. ulnt8Number

17td 19 3 Reserved for padding.

; CLUT data points (arranged as described in  |ulnt8Number [}.] or
20tq end Vagyble the text). ulntl6Number [...]

If thg number ofigrid points in a one-dimensional curve, or in a particular dimension of the CLUT, is two,
the data for those points shall be set so that the correct results are obtained when linear interpolation
is used to generate intermediate values.

If thg Aumber of input channels does not equal the number of output channels, the CLUT sha]|l be present.

10.2.13.6 "A" curves

When present, the number of "A" curves shall be the same as the number of output channels. The "A"
curves may only be used when the CLUT is used. The curves are stored sequentially, with 00h bytes
used for padding between them if needed. Each "A" curve is stored as an embedded curveType or a
parametricCurveType (see 10.2.2 or 10.2.17). The length is as indicated by the specification of the
proper curve type. Note that the entire tag type, including the tag type signature and reserved bytes, is
included for each curve.
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10.2.14 measurementType

This tag structure represents a backwards compatible extension of ISO 15076-1 with the same tag
signature. The encoding of this type has been extended from the measurementType in ISO 15076-1. An
optional element encodes the measurement condition, and additional standard illuminants have been

included.

If the encoded tag structure length is only 36 bytes then the value for the measurement type shall be
assumed to be zero.

The measurementType information refers only to the internal profile data and is meant to provide

profile ma
assignment

ers an alternative to the default measurement cpnr‘iﬁ'rafinnc When ncnﬂ’ the

and encoding shall be as given in Table 56.

Table 56 — measurementType structure

byte

Byte posi- Field
ytep length Content Encoded as...
tion

(bytes)
Oto3 4 ‘meas’ (6D656173h) type signature
4to7 4 Reserved, shall be 0
8to11 4 Encoded value for standard observer see Table 57
12 to 23 12 nCIEXYZ tristimulus values for measurement bdcking XYZNumber
24 to 27 4 Encoded value for measurement geometry, see Table 58
28to 31 4 Encoded value for measurement flare see Table 59
32to 35 4 Encoded value for standard illuminant see Table 60
36 to 39 4

Encoded measurement condition*(optional extension) see Table 61

(optional) || (optional)

The encodin

The encodin

g for the standard observer field is siiown in Table 57.

Table 57 — Standard observer encodings

Standard observer

Hexidecimal en-

coding
Unknown 00000000h
CIE 1931'standard colorimetric observer 00000001h
CIE 1964 standard colorimetric observer 00000002h

g for thexmeasurement geometry field is shown in Table 58.

Table 58 — Measurement geometry encodings

Geometry Hexidecimal encoding
Unknown 00000000h
0°:45° or 45°:0° 00000001h
0°:d or d:0° 00000002h

The encoding for the measurement flare value is shown in Table 59, and is equivalent to the basic
numeric type ul6Fixed16Number in ISO 15076-1:2010, 4.2.1.7.
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Flare Hexidecimal encoding
0 (0 %) 00000000h
1,0 (or 100 %) 00010000h
The encoding for the standard illuminant field is shown in Table 60. This represents an extension of

Table 59 — Measurement flare encodings

encodings found in ISO 15076-1.

Table 60 — Standard illuminant encodings

Standard illuminant Hexidecimal encoding
Custom 00000000h
D50 00000001h
D65 00000002h
D93 00000003h
F2 00000004h
D55 00000005h
A 00000006h
Equi-Power (E) 00000007h
F8 00000008h
Black body defined by CCT 00060009h
Daylight defined by CCT 0000000AN
B 0000000Bh
C 0000000Ch
F1 0000000Dh
F3 0000000Eh
F4 0000000Fh
F5 00000010h
F6 00000011h
F7 00000012h
E9 00000013h
FT0 00000014h
F11 00000015h
F12 00000016h

IS0 20677:2019(E)

The pncoding for the optional ISO 13655 measurement condition value is shown in Table 61. If the
length ofthe measurementinfo tag storage is less than 40 then the measurementType shalllbe assumed
to bd unknown (00000000h).

Table 61 — ISO 13655 measurement condition encodings

Type Hexidecimal encoding
Unknown 00000000h
MO 00000001h
M1 00000002h
M2 00000003h
M3 00000004h
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10.2.15 multiLocalizedUnicodeType

This tag structure contains a set of records each referencing a multilingual Unicode string associated
with a profile. Each string is referenced in a separate record with the information about what language
and region the string is for.

The byte assignment and encoding shall be as given in Table 62.

Note that the fourth field of this tag, the record size, should, for the time being, contain the value 12,
which corresponds to the size in bytes of each record. Any code that needs to access the n-th record
should determine the record’s offset by multiplying n by the contents of this size field and adding 16.
This minor rise,
without hay

extra effort allows for future nvpancinh of the record onrnr]ing' should the need

ing to define a new tag type.

fer to

Multiple str
the same st

For the sped
visit http://

ngs within this tag may share storage locations. For example, en/US and en/UK'¢an re
ing data.

ification of Unicode, see The Unicode Standard[13] published by The Unjcodé Consortiy
www.unicode.org. For the definition of language code and region cedes, see 1SO-639

m or
and

ISO 3166. The Unicode strings in storage should be encoded as 16-bit big-endian, UTF-16BE, and should

not be NULI}, terminated.

NOTE Fd
www.color.ol

r additional clarification on the encodings used, see the ICC teclinical note 01-2002 availaljle on

[S.

If the specif
code should|
record in th

ic record for the desired region is not stored in the tag,the record with the same lang
be used. If the specific record for the desired language is not stored in the tag, the
b tag is used if no other user preference is available.

uage
first

Table 62 — multiLocalizedUnicodeType

. Field length
Byte position (bytes) Content Encoded as...

Oto3 4 ‘mluc’ (0x6D6C7563) type signature

4to7 4 Reserved, shall be 0

8to 11 4 Nuniber of records (n) ulnt32Number

12 t0 15 4 Reeord sizg: the length in bytes of every record. 0000000Ch
The value is 12.
First record language code: language code speci-

16to 17 2 fied in 1SO-639 ulntl6Number
First record country code: region code specified

18to 19 2 in 1SO 3166 ulntl6Number

20 to 23 4 First rgcord string length: the length in bytes of ulnt32Number
the string

24 t0 27 4 First record string offset: the offset from the start P eea—
of the tag to the start of the string, in bytes

28 to

28+ [12(n-1)]-1|12(n-1) Additional records as needed

(or 15+ 12n)

28+ [12(n-1)] or . . .

(16 + 12n) to end Variable Storage area of strings of Unicode characters

10.2.16 multiProcessElementsType

This structure represents a colour transform, containing a sequence of processing elements. The
processing elements contained in the structure are defined in the structure itself, allowing for a flexible
structure. Supported processing elements are defined in Clause 11 of this document. Other processing
element types may be added in the future. Each type of processing element may be contained any
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number of times in the structure. The processing elements support float32Number-encoded input and
output ranges.

If undefined processing element types are present in a multiProcessElementsType tag, the
multiProcessElementsType tag shall not be used and fall back behaviour shall be followed (if possible).

When using this type, it is necessary to assign each colour space component to an input and output
channel. These assignments shall be as shown in Table 63.

The encoding of a multiProcessElementsType structure shall be as given in Table 63.

Tall L
ITdUIC UJ

1D Bl rals d3
IIMUIUIT TUCCSSEICIIITITIOS Ty pU Tt OUTITH

Byte position Field Content Encode( as...
length
(bytes)
0..3 4 ‘mpet’ (6D706574h) [multi-process ele-
ments table] type signature
4.7 4 Reserved, shall be 0
8.9 2 Number of input channels (F) ulntl6Number
10..11 2 Number of output channels (T) ulntl6Number
12..15 4 Number of processing elenfents (N) ulnt32Number
16..15+8N 8N Process element positions‘table positionNumbet]...]
16+8N..end Data
The number of processing elements (n) shall be greater than or equal to 1. The process element
positions table contains information on where andthow large the process elements are. Offget locations
are 1lelative to the start of the multiProcessElementsType tag. Thus the offset of first stdred process
element shall be 16 + 8n.
Each|processing element shall start on. a’4-byte boundary. To achieve this, each item shall|be followed

by up to three 00h pad bytes as needéd.

Itis
elem|

Proc

defin

to th
mult

and {

The {

mult
prev
thes

ermitted to share data between processing elements. For example, the offsets for som
ents can be identical.

pssing elements in_the multiProcessElementsType are processed in the order th|
ed in the processing elements position table. The results of a processing element ar
e next processing_element. The last processing element provides the final result for th

he containing multiProcessElementsType need to be in agreement.

irst pracessing element’s input channels shall be the same as the input channels of th
ProcéssElementsType. The input channels of a processing element shall be the s

P processing

at they are
e passed on
P containing

ProcessElementsType. Therefore, the input/output channels specified by the processing elements

P containing
ame as the

ous processing element’s output channels. The last processing element’s output chan
ame as the output channels of the containing multiProcessElementsType.

hels shall be

The definition of supported processing elements can be found in Clause 11 multiProcessElement
Definitions.

10.2.17 parametricCurveType

The parametricCurveType describes a one-dimensional curve by specifying one of a predefined set
of functions using the parameters. When used, the byte assignment and encoding shall be as given in
Table 64.

© IS0 2019 - All rights reserved 89


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

IS0 20677:2019(E)

Table 64 — parametricCurveType encoding

Bvte po- Field
ytep length Content Encoded as
sition
(bytes)
0to3 4 ‘para’ (70617261h) type signature
4t07 4 Reserved, shall be 0
. ulntl6Number
8to9 2 Encoded value of the function type (see Table 65)
10to11 (2 Reserved, shall be 0
12 to pnd ’?"zte)le 65 One or more parameters (see Table 65) s15Fixed16Number [...]

The encodin

g for the function type field and the parameters are shown in Table 65.

Table 65 — parametricCurveType function type encoding

lField . Encoded
ength Function type value Parameters Note
(bytes)

4 Y=x9 0000h g

12 Y=(ax+b)? (X2-b/a) 0001h gab CIE 122-1966 [[L0]
Y=0 (X<-b/a)

16 Y=(ax+b)?+c (X2-b/a) 0002h gabc IEC 61966-3
Y=c (X <-b/ a)

20 Y=(ax+b)? (X2d) 0003h gabcd IEC 61966-2.1

(sRGB)

Y=cX (X<d)

28 Y=(aX+b)g+e (XZd) 0004h gabcdef
Y=(cX+f) (X<d)

NOTE More flunctions can be added‘@synecessary.

The order o
Table 65.

The domain|
be clipped

converted t
represent t

i

l‘the parametérs in the data, Table 64, follows the left-to-right order of the paramete

and rangé of each function shall be [0,0 1,0]. Any function value outside the range
o the\range of the function. When unsigned integer data are supplied as input, it shg
b the*domain by dividing it by a factor of (2V) - 1, where N is the number of bits us

rs in

shall
11 be
bd to

3 £ o AL +la 4 £ Ao 1o 3 S Jdaot e clball b
CIHIput Udtd. VVIITITLIIT UULTpPDUL 15 1TTUUIT TU TU UT UIISIZIITU ITITT ST Udtd, 1L S1IdIT DT LULLV

rted

from the range by multiplying it by a factor of (2M) — 1, where M is the number of bits used to represent
the output data.

If the input is PCSXYZ, the PCSXYZ X, Y, or Z value 1+ (32 767+32 768) shall be mapped to the function
input value 1,0. If the output is PCSXYZ, the function output value 1,0 shall be mapped to the PCSXYZ X,
Y, or Z value 1+ (32 767+32 768).

NOTE

The parameters selected for a parametric curve can result in complex or undefined values for the

input range used. This can occur for example if d < -b/a. In such cases the behaviour of the curve is undefined.
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This type represents an array of generic 4-byte (32-bit) fixed point quantity. The number of values is
determined from the size of the tag.

When used, the byte assignment and encoding shall be as given in Table 66.

Table 66 — s15Fixed16ArrayType encoding

Byte po- | Field length
sition (bytes) Content
OtoB T ST3Z"(7366333Zh) Type signature
4tof 4 Reserved, shall be 0
8toend |Variable An array of s15Fixed16Number values
10.2}{19 signatureType

The

the end with spaces, 20 h. Typically this type is used for registered tagsthat can be display
opment systems as a sequence of four characters.

deve

Wheh used, the byte assignment and encoding shall be as givenin*Table 67.

Table 67 — signatureType encoding

signatureType contains a 4-byte sequence. Sequences of less than four characters are padded
red on many

Tyte o [Fledleagth
Oto3 4 ‘sig’ (73696720h) type signature
4to7 4 Reserved, shall be 0

8to 11 4 4-byte signature

at

10.2}{20 sparseMatrixArrayType
The $parseMatrixArrayType defines a tag type for encoding an array of sparse matrices.[When used,
the Hyte assignment and endoding shall be as given in Table 68.
Table 68 — sparseMatrixArrayType encoding
Byte position Field Content Encoded 3s...
length
(bytes)
0..3 4 'smat’ (736d6174h) type signature
4.7 4 Reserved, shall be 0
8.9 Number of equivalent output ulntI6Number
channels used by sparse matrix
encoding (Q)
10..11 2 Sparse matrix LUT encoding type sparseMatrixEncodingType
12..15 4 Number of sparse matrices in list ulnt32Number
12...end N*B List of (N) sparse matrices List of compact sparseMatrix-
UInt8 or
sparseMatrixUInt16 or
sparseMatrixFloat16 or
sparseMatrixFloat32
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The sparse matrices encoded in the list shall all be encoded according to the value in the Sparse Matrix
LUT Encoding type element.

The sparse matrices encoded in the list of sparse matrices shall use compact padding resulting in the
Matrix Entry Data Values and end of each sparse matrix being aligned on a 4 byte boundary.

All sparse matrices in the sparseMatrixArrayType shall have the same number of rows and columns.

10.2.21 spectralViewingConditionsType

Spectral data are always coded equidistantly defined by a start wavelength, interval step wavelength

and end

A profile ma
observer’s (
wavelength
colorimetrig

For object

both by its illuminant type as well as its power distribution function. Whef the illuminant type

is either “B
(correlated)
one of these
to zero.

The power
by the field
illuminant”.

To remain c
and surrour

For luminou
“interval w4
the corresp
values for i
emission sp

When used,
Table 69. En
standard illy

Wjemmﬁmmmmmmmkmmmgﬂr

integer numpber of interval steps.

y encode both standard and custom settings for the colorimetric observer. In both-case
MFs are stored in a 3XN matrix with N the spectral dimension defined by.the fields *
colorimetric observer”, “interval wavelength colorimetric observer” and\{end wavele

observer”. The 3XN matrix is stored row by row, in the “Matrix colorimetric observer”

olours, both custom and standard illuminants are supported. The-illuminant is speq

ack body defined by CCT” (00000009h) or “Daylight defined-by CCT” (0000000Ah
colour temperature field is also used to define the illumigant. If the illuminant type i
values then the (correlated) colour temperature field is‘merely informative and may H

Histribution of the illuminant is represented by an’M-dimensional vector with M de
s “start wavelength illuminant”, “interval wavelength illuminant” and “end wavelg

)

bmpatible with the viewingConditions tag, the unnormalized XYZ values for the illum
d are also provided, both defined in.¢d/m?2.

s colours no illuminant is specified. In this case, the fields “start wavelength illumin
velength illuminant”, “end wavelength illuminant” and “Vector illuminant” are replac
nding values for the whitefentission spectrum. And as a result the “un-normalized CI}
luminant” field is filled- with the un-normalized CIEXYZ values for the reference v
ectrum.

the spectralViewingConditions Type byte assignment and encoding shall be as giv
codings for the'standard observer field are provide in Table 70, and the Encodings fo
iminants aréprovided in Table 71.

Table 69 — spectralViewingConditions Type tag type

is an

5, the
start
ngth
field.

ified
ralue

the
s not
e set

fined
ngth

inant

ant”,
ed by
EXYZ
vhite

bn in
r the

Field

Byte position

len n'th

(bytes)

Content

Encodedas

0.3

‘sven’ (7376636¢€h ) type signature

4.7

Reserved, shall be 0

8..11

Colorimetric observer type See Table 70

12..17

Spectral range for colorimetric observer with (N) steps |spectralRange

18..19

N OB

Reserved, shall be 0

20..
20+12*N-1

Matrix colorimetric observer (X vector, then Y vector,

2N then Z vector)

float32Number(]

20+12*N ..
23+12*N

[luminant type See Table 71
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Table 69 (continued)
Field
Byte position length Content Encoded as
(bytes)
24+12*N .. 27+12*N |4 (Correlated) colour temperature float32Number
28+12*N..33+12*N |6 [lluminant spectral range with (M) steps spectralRange
34+12*N .. 35+12*N |2 Reserved, shall be 0
36+12*N. . .
36+12*N+4*M-1 4M Vector illuminant float32Number(]
36+ 2 NFA*M— Unm-morTatized CIEX Y Z vatues for tiumimant (witiT Y
3642 N+4*M+11 | 12 in cd/m?2) XYZNgyyjber
48+12*N+4*M .. Un-normalized CIEXYZ values for surround (with Y in
a8+ N+ M1l |12 cd/m2) 2 Number
Table 70 — Standard observer encodings
Standard observer Value
Custom colorimetric observer 00000000h

CIE 1931 standard colorimetric observer 00000001h
CIE 1964 standard colorimetric observer 00000002h

Table 71 — Illuminantencodings

Standard illuminant Encoding
Custom 00000000h
D50 00000001h
D65 00000002h
D93 00000003h
F2 00000004h
D55 00000005h
A 00000006h
Equi-Rower (E) 00000007h
F8 00000008h
Black body defined by CCT 00000009h
Daylight defined by CCT 0000000Ah
B 0000000Bh
C 0000000Ch
F1 0000000Dh
s UUUOUUUERN
F4 0000000Fh
F5 00000010h
F6 00000011h
F7 00000012h
F9 00000013h
F10 00000014h
F11 00000015h
F12 00000016h

Having the ability to use custom reference viewing conditions introduces the need for additional
processing by the CMM when connecting profiles that use a colorimetric-based PCS. The CMM needs to
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both determine the compatibility of the implied PCS for each of the profiles and then insert the proper
PCS transforms that are needed.

For both the source and destination profile, the reference observer and reference illuminant are

determined

in the following manner:

If the profile version is less than V5, then the CIE 1931 standard observer and a D50 illuminant is
assumed. Else if no reference spectral viewing condition tag exists and the illuminant field in the profile
header matches the CIE 1931 standard observer and a D50 illuminant, then the CIE 1931 standard
observer and D50 illuminant are assumed. Else if a reference spectral viewing condition tag exists, then
the observer and illuminant are defined by the observer and illuminant fields in the reference spectral

viewing congd

Note that th
spectral vie

Once the ref
then the ded

If both the
additional ti

Otherwise:

If the refere
illuminant d
customToSt
present and

If the refer
reference il
destination
transform.
cannot be c(

10.2.22 tag

The tagArrd
valid tag arf

The structu
shall be ass

The format

pciated withthearray type identifier. (See Clause 13).

ikl i
ILIUIT \,Cls-

e illuminant field in the profile header should always be in agreement with therefer
ving conditions tag if available.

ision about what (if any) transformations are needed to connect the profiles can be m

reference observer and reference illuminant match between thetwo profiles the
ransformations are needed.

nce observer of the source profile is not the CIE 1931.standard observer or the refel
f the source profile is not a D50 illuminant, then the\transform from the source prd
hndardPccTag is first used, unless the CMM provides its own transform. If this tag i
the CMM does not provide an alternative, then the'source profile cannot be connected

bnce observer of the destination profile -is7niot the CIE 1931 standard observer o
uminant of the destination profile is not<a D50 illuminant, then the transform fron
profile’s standardToCustomPccTag profile is then used, unless the CMM provides its
f this tag is not present and the, GMM does not provide an alternative, then the pi
nnected.

ArrayType

yType structure encodes-an array of tags that have an identical tag type. Clause 13 de
ays with their assoeiated array type identifiers.

Fe type indentjfiers may vary when tag array elements are of tagStructType. How they

bf the tagArrayType structure can be found in Table 72.

Table 72 — tagArrayType encoding

ence

erence observer and reference illuminant for both source and destination;are determijined,

hde.

n no

ence
file’s
5 not

- the
n the
own
rofile

fines

vary

Byte position Field length Content Encoded as...
(bytes)

0.3 4 ‘tary’ (74617279h) type signature
4.7 4 Reserved, shall be 0
8.11 4 Array Type Identifier 4-byte signature
12..15 4 Number of tag elements in array (N) ulnt32Number
16..23 8 Tag element 1 position positionNumber
16+(N-1)*8.. 8 Tag element N position positionNumber
16+N*8-1
16+N*8 .. end Tag element data
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Each tag array element has an offset and size. Each offset is relative to the beginning of the associated
tagArrayType structure. Tag array elements should always begin at an offset divisible by 4 with padding
between elements as needed.

The Element tag type signature shall match the signature of the tag type for all tag elements in the array.
The Element tag type signature can be the signature of any valid profile tag type.

If the Element tag type signature is ‘tags’ (74616773h) then the tag array is an array of tagStructType
tags. In this case the Element struct type identifier shall be the same as the Struct Type Identifier (Byte
position 8..11) in each of the tagStructType tags.

If the Element tag type signature is not ‘tags’ (74616773h) then the Element struct type id¢ntifier shall
be zgro (Oh).

The Qffset of multiple tag elements can be the same (IE tag elements can share tag\data).

10.2{23 tagStructType
The tagStructType structure allows a collection of tag elements to be grouped into a single[structure.

The format of the tagStructType structure can be found in Table 73.

Table 73 — tagStructType €ncoding

Byte position Field length Content Encoded aF...
(bytes)
0.3 4 ‘tstr’ (747374%2h) tagStructType
signature

4.7 4 Reserved; shall be 0
8..11 4 Struct type Identifier 4-byte signatfire
12..15 4 Number of tag elements N in structure |ulnt32Numbgr
16..19 4 Tag element 1 signature 4-byte signatfire
20..27 8 Tag element 1 position positionNumber
N*12+4.N*12+7 |4 Tag element N signature 4-byte signatpire
N*12+8..N*12+15“18 Tag element N position positionNumler
N*12+16..end Tag element data

Each| tag element-(or sub-tag) of a tagStructType has a tag signature, offset and size. Each offset is
relatjve to thie beginning of the associated tagStructType structure. All elements should|begin at an
offseft divisible by 4 with padding between tag elements as needed. The struct type identifier shall be
used| to’identify the required and optional sub-tag elements in the tag structure. (See Clause 12 for
publiclydefined tagStructType structure definitions.)

Tag elements can be any valid profile tag type.
Tag element signatures shall be unique within a tagStructType structure.

The Offset of multiple elements can be the same (i.e. elements can share tag data).

10.2.24ul16Fixed16ArrayType

This type represents an array of generic 4-byte (32-bit) quantity. The number of values is determined
from the size of the tag.

When used, the byte assignment and encoding shall be as given in Table 74.
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Table 74 — ul6Fixed16ArrayType encoding

Bytebo- | Pl enge
Oto3 4 ‘uf32’ (75663332h) type signature

4to7 4 Reserved, shall be 0

8toend |Variable An array of ul6Fixed16Number values

10.2.25ulnt16ArrayType
ined

Th' 4+ £ HPNELe T SIS £ Wl PR Y it Tl L. £ ] H ot
IS type r lJl COCIILS dll dl lGl_y Ul sCllCl | A U_y |9 ol l_J.U UILJ Liuauu\,_y. T TIUIIIUTT Ul vdIUTOS 15 UTLUCT I

from the sizp of the tag.

When used, |the byte assignment and encoding shall be as given in Table 75.

Table 75 — ulnt16ArrayType encoding

Bytepo- [ [ied ent
Oto3 4 ‘uilé’ (75693136h) type signature

4to7 4 Reserved, shall be 0

8toend |Variable An array of unsigned 16bit integers

10.2.26ulnt32ArrayType

This type represents an array of generic 4-byte (32--bit) quantity. The number of values is deternjined
from the sizg of the tag.

When used, |the byte assignment and encoding shallbe as given in Table 76.

Table 76 — uInt32ArrayType encoding

ey [ [iienst
0to3 4 ‘ui32’ (75693332h) type signature

4to7 4 Reserved,.shall be 0

8toend |Variable An drxay of unsigned 32-bit integers

10.2.27ulnt64ArrayType

This type rgpresents‘an array of generic 8-byte (64-bit) quantity. The number of values is deternjined
from the sizge ofthe tag.

When used, thebyteassignmentand encoding statt-beasgivernrim Tabte 77

Table 77 — ulnt64ArrayType encoding

Bytepo- [ Feld ot
Oto3 4 ‘ui64’ (75693634h) type signature

4to7 4 Reserved, shall be 0

8toend |Variable An array of unsigned 64-bit integers
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10.2.28ulnt8ArrayType

This type represents an array of generic 1-byte (8-bit) quantity. The number of values is determined
from the size of the tag.

When used, the byte assignment and encoding shall be as given in Table 78.

Table 78 — ulnt8ArrayType encoding

Bytt(; (}:)r:)Sl Fle(l[()lylteelgth Content
OtoB Z W08 [75693038hJ Ty pe signature

4tof 4 Reserved, shall be 0

8 to end Variable An array of unsigned 8-bit integers

10.2{29utf16Type

This fag structure contains a text structure that contains a 16-bit UTF-16 string. The length of the string is
obtalned by subtracting 8 from the element size portion of the tag itself. Eor the specificatiop of Unicode,
see The Unicode Standard published by The Unicode Consortium or vjisit http:/,/www.unicodL.org

The format of the utf16Type structure can be found in Table 79

Table 79 — utf16Type encoding

Byte posi- Field Content Encoded as...
tion length
(bytes)
0.3 4 ‘utl6’ (75743136h) type signature
4.7 4 Reserved, shall be 0
8..end UTF-16.data ulntl6Numberf...]

10.2{30utf8Type

This tag structure contains a(text structure that contains an 8-bit UTF-8 string. The length of|the string is
obtalned by subtracting 8fiom the element size portion of the tag itself. For the specification of Unicode,
see The Unicode Standard published by The Unicode Consortium or visit http://www.unicode.org.

The format of the Altf8Type structure can be found in Table 80.

Table 80 — utf8Type encoding

Byte position Field length Content Encoded aF...
(bytes) r
0.3 4 ‘utf8’ (75746638h) type signature
4.7 4 Reserved, shall be 0
8..end UTF-8 data

10.2.31utf8ZipType

This tag structure is a container for a UTF-8 string that has been compressed using the DEFLATE
compression method specified by RFC 1951 (http://tools.ietf.org/html/rfc1951) into the compressed
data format specified by RFC 1950 (http://tools.ietf.org/html/rfc1950).

NOTE This is equivalent to the Zip data format produced by the ZLIB data compression library.
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The length of the compressed data stream can be determined by subtracting 8 from the element size
portion of the tag itself.

The data that is compressed is a UTF-8 string. For the specification of Unicode, see The Unicode
Standard published by The Unicode Consortium or visit http://www.unicode.org.

The format of the utf8ZipType structure can be found in Table 81.

Table 81 — utf8ZipType encoding

Byte position Fierld leri§th Content Encoded as...
lbﬁe"l

0..3 4 ‘zut8’ (7a757438h) type signature

4.7 4 Reserved, shall be 0

8..engl Compressed data stream
10.2.32XYZType
The XYZType contains an array of three encoded values for PCSXYZ, CIEXYZ;0r nCIEXYZ values| The
number of dets of values is determined from the size of the tag. When used, the byte assignmenf and
encoding shfall be as given in Table 82. Tristimulus values shall be non<hegative. The signed encqding

allows for in

hplementation optimizations by minimizing the number of fixed formats.

Table 82 — XYZType encoding

Byte po- | Field length Content Encoded as...

sition (bytes)

Oto3 4 ‘XYZ’ (58595A20h) type signature

4to7 4 Reserved, shall be 0

8toend [Variable An array of PCSXYZ, CIEX¥Z, or nCIEXYZ values XYZNumber

10.2.33zipXmlType

This tag strycture is a container for XML formatted data that has been compressed using the DEFLATE

compressio method specified by RFC 1951 (http://tools.ietf.org/html/rfc1951) into the comprgssed

data format|specified by RFC 1950)(http://tools.ietf.org/html/rfc1950).

NOTE This is equivalent tothe Zip data format produced by the ZLIB data compression library.

The length ¢f the compréssed data stream can be determined by subtracting 8 from the element size

portion of t

e tag itsélf.

The data that isccempressed shall be encoded using XML. For the specification of XML, see the XML 1.0
specification}}published by the World Wide Web Consortium or visit http://www.w3.org/TR/RECxml.

The format of the zipXmlType structure can be found in Table 83.

Table 83 — zipXmlType encoding

Byte position Field length Content Encoded as...
(bytes)
0.3 4 ‘zxml’ (7a786d6ch) type signature
4.7 4 Reserved, shall be 0
8..end Compressed data stream
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11 multiProcessingElementType definitions

11.1 General

The multiProcessElementsType and several of the processing elements presented in this subclause
are defined by ISO 15076-1. The use of multiProcessElementsType-based tags is more extensively
utilized by this extended version of ICC colour management with both modifications/extensions to the
processing elements defined by ISO 15076-1 as well as the inclusion of additional processing elements.

Processing elements in the multiProcessElementsType are processed in the order that they are
defined in the processing elements position table. The results of a processing element are passed on
to the next processing element. The last processing element provides the final result forthg containing
multfProcessElementsType tag. Therefore, the input/output channels specified by. the processing
elemgnts and the containing multiProcessElementsType tag need to be in agreement.

The {

irst processing element’s input channels shall be the same as the input channels of th

P containing

multfProcessElementsType tag. The input channels of a processing element\shall be the same as the
prevjous processing element’s output channels. The last processing element’s output chanhels shall be
the spme as the output channels of the containing multiProcessElementsType tag.

Clipging of the results of a processing element shall not be performed. Some processing elements may
perfgrm clipping as needed on input.

The $pecification for each processing element shall indicate‘whether that element perfofms clipping
on input.

e 84.

The general element encoding for multiProcessElementsType tag elements is shown in Tabl

Table 84 — geneéralElement encoding

Byte position Field Content Encoded 3s...

length
(bytes)

0..3 4 Element type signature

4.7 4 Reserved, shall be 0

8..9 2 Number of input channels (P) ulntl6Number

10...11 2 Number of output channels (Q) ulntl6Number

12..end 4 Element Data

11.2 Specific processing element listing

11.2}]1 calculatorElement

11.2 41 General

A calculatorElement allows for the encoding of arbitrary functions of multiple data inputs.

A calculatorElement can be used to augment the other multi-processing elements. A calculatorElement
can also contain sub-elements that can be conditionally evaluated within the context of the
calculatorElement’s main function.

In addition to defining input and output channels, a calculatorElement can also define and use temporary
channel storage, which provides additional channels of data outside the channel data persisted between
processing elements within a single Multi Processing Element Tag. Input and output channel data are
maintained separately.

Temporary channel data are maintained and stored only within the context of a single Multi Processing
Element Tag. Temporary channel data shall not be persisted from one Multi Processing Element tag to
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another when Multi Processing Element tags are connected or referenced as sub-calculator elements.
At each invocation of a calculator (or sub-calculator) element it shall be assumed that all Temporary
channel data are initialized to zero.

For performance purposes it is recommended that temporary channel data be initialized before being

referenced.

The maximum number of input, output and temporary channels shall be 65 535.

The encoding of a calculatorElement is shown in Table 85.

Tall

o 1 1ok Il rS d3
1AauUIiIc OJ CAICUIAdIULI LICIIITIIU Ull»uullls

Byte|position Field Content Encoded as.|.
length
(bytes)
0..3 4 ‘calc’ (63616C63h) type signature
4..7 4 Reserved, shall be 0
8..9 2 Number of input channels (P) ulntl6Number
10...11 2 Number of output channels (Q) ulntl6Number
12..15 4 Number of sub-elements (E) ulnt32Number
16...23 8 Main function position positionNumber
24...24+8*E-l 8*E Sub-element positions Array of position
Number
24+8*E ... end Data for calculator element

The main fu
of numeric

start of each
channel dat
the data sta

During the ¢
channels or
the main ca

Main functi
index addre
evaluation i
be for at lea

Mathematic
calculatorE]
cases the ojf

nction defines a sequence of operations usiig RPN (reverse polish notation). A data

results is kept as operations are evaluated."The data stack is assumed to be empty 4
main function evaluation. Each operatioh in a function can use a constant parameter,

h, or temporary channel data to placé-results onto the data stack or otherwise manip
Ck.

into temporary channel storage. Output channels shall be assumed to be zero until s
culator function.

pn validity checkingshall be performed by checking for valid operations, valid chg
ssing, and validstack access (with no stack underflow or overflow) before main fun
5 performed té éfsure system data integrity. The reserved storage for the data stack
5t 65 535 values.

bl erroivhandling is the responsibility of the calculatorElement script implemg
menteperations generally take data from the stack and place results on the stack. In
eration has no defined result (like dividing by zero) and non-real numbers (+INF -IN

btack
t the
nput
ulate

ourse of interpretation, the main calculator function can place data results into the ofitput

et by

innel
ction
shall

nter.
some
F, or

Alaca nithno cracly oo racyy nerationc nran

NaN) may

d o 4 + 0O thaot 11cn h o 1
}ucu,\.,u UIT LIIC OLdUIv do Lllb reourle. Ut.l\.zl dlIUITS LIIdl Uuoo ou\,u IIUIrrovdadarl VC{IUDD CIJ llll,lu\. may

also result in non-real values as output. Regardless, the number of values consumed and produced by
each operation shall be as specified for the operation. The ‘rnum’ (726e756dh) operator can be used
to determine if values on the stack are real numbers, or stack values can be compared to the results of
the +INF’, “INF’, and ‘NaN ' operators. The behaviour of a CMM for non-real values placed in the output

channels or

passed to calculatorElement sub-elements is implementation dependent.

The encoding of a calculatorElement function is shown in Table 86.
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Byte position Field Content Encoded as...
length
(bytes)
0..3 4 ‘func’ (66756e63h) type signature
4.7 4 Reserved, shall be 0
8..11 4 Number of operations (N) ulnt32Number
12.. 12+ N*8-1 8 Function operations

Indiy

of of
oper

NOTH
Anne

11.2

The f
The {

htion, matrix, sequence functional, function vector, and conditional).

 F.

Terererr

eration encodings (Push floating point constant, channel vector, sub-element invog

Information about a textual representation of calculator elements with examples car

1.2 Floating point constant operations

loating point constant operation encoding is shown in Table87:

Table 87 — Floating point constant operation encoding

eight types
ation, stack

be found in

loating point constant operation is used to push a single float32Number onto the evalyation stack.

Byte position Field length Content Encofled as...
(bytes)
0..3 4 'data’ (64617461h)
4.7 4 float32Numberte put on stack float32Nymber
11.2{1.3 Channel vector operations
A channel vector operation is used to)operate on input, output or temporary channel ddta either by

pushiing it onto the evaluation stagk or storing evaluation stack data into channel storage. T

of a
signa

hannel vector operation is;shown in Table 88 with descriptions of the channel vect
tures shown in Table 89:

The
elem|
the d
shall
calcu

in channel operationislimited to retrieving pixel data from input channels defined in t}h

nt header. The gutchannel operator is limited to storing pixel data to output channe
alculator element” Input channels are read only and therefore the use of the out chan
not affect input channel values. Temporary channels are assumed to be zero at the 5
lator element’s main function evaluation.

Table 88 — Channel vector operation encoding

he encoding
r operation

le calculator
s defined in
hel operator
tart of each

yTe position

F1eld Iengtn Lontent Enco

(bytes)

ed as...

Operation signature

Starting index (S) ulnt16Nu

mber

o e
SERT RN

Additional count from start (T) ulnt16Nu

mber

The index is the starting index of the input, output, or temporary data channel to use
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Table 89 — Channel vector operations by signature

Operation signature

Stack arguments

Operator definition

Stack results

'in ' (696€2020h)

None

Load from input pixel channel number S
through S+T

in[S] ... in[S+T]

'out' (6£757420h) Ap ... At Store to output pixel channel number S |None
through S+T. Thus:
out[S]=Ay, ...., out[S+T]=AT
'tget' (74676574h) None Get temporary channels S through S+T  [temp][S]... temp[S+T]
‘tput’ (74707574h) Ap ... At Put temporary channels S+T through |None
S. Thus:
temp[S]=Ay, ..., temp[S+T]|=AT
‘tsav‘ (74734176h) Ag ... AT Saves arguments on stack as temporary |[Ag ... AT

channels S+T through S without affect-
ing arguments on the stack. Thus:

temp[S]=Ay, ..., temp[S+T]=Ar

NOTE
position.

11.2.1.4 CMM environment variable operation

The CMM environment variable operation is used to providecehvironmental data information|

Far the out, tput, and tsav operators the topmost element on the stack is-stored at the S+T channel

that

can optionallly be provided to the CMM as input onto the evaluation stack, thus allowing contrjol or

operations
CMM envirg

variable opgration signature shown in Table 91.

Table 90 — Environment vdriable operation encoding

ithin the calculator element to be guided by extérnal configuration. The encoding qf the
ment variable operation is shown in Table 9Qwith the description of the CMM environment

Byte position Field length Content Encoded as.,
(bytes)
0..3 4 Operation signature
4 Efnvironment variable signature (X) ulnt32Number

Signature values for the envirdnment variable signature (X) are open ended and workflow dependent.
Interoperablle usage of CMMtenvironment variables shall use environment variable signatures thdt are

specified in
the ICC.

separate ICSs'separate from this document’s specifications or registered separately

Table 91 — Environment variable operation by signature

with

Operation signature

Stack arguments

Operator definition

Stack results

'env ' (656€7620h)

None

Places 32-bit floating point CMM
environment variable value on
stack (denoted by env(X)) if var-
iable with signature X is avail-
able and supported. Additional
value placed to indicate whether
variable is supported

0,00,0

env(X) 1,0

if X is available and supported

otherwise

The env operation shall consume no values from the evaluation stack and shall always place two values
onto the evaluation stack. The first value placed on the stack shall be the 32-bit floating point CMM
environment variable value associated with the 32-bit environment variable signature (represented by
the function env(X) in Table 91) if the CMM environment variable (X) is available to and supported by
the CMM, or 0,0 otherwise. The second value placed on the stack shall be 1,0 if the CMM environment
variable X is available to and supported by the CMM, or 0,0 otherwise.
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It is the responsibility of the calculatorElement script implementer to provide appropriate handling of
operations when a desired CMM environment variable is not available or supported.

Two CMM environment variables shall always be handled with the resulting stack values as shown in
Table 92.

Table 92 — Required CMM environment variable support by signature

Environment variable Stack results
signature

'true' (74727565h) 1,0 1,0
‘ndef’ (6e646566h) 0,0 0,0

NOTH Support for and methods of supplying additional CMM environment valués'to the CMM are
implgmentation dependent.

11.2{1.5 Sub-element invocation operations

A sup-element invocation operation allows for processing elementsssociated with the calculator
element to be selectively applied. When a sub-processing element ‘is invoked the input channels
asso¢iated with the processing element are first taken from the eyaluation stack. These valpes are then
used|by the sub-element to perform its processing to get output\channel values which are|then placed
ontofthe evaluation stack.

Sub-elements are separate processing elements and theféefore use their own temporary variables and
evalyation stacks. In other words, if a sub-element is@ calculator element it shall have Independent
scopeg from the calling calculator element.

The ¢urv, mtx, and clut operators require that tli¢ indexed sub-element has the appropriate type. The
elem|operator performs no type check on the-type of the element.

The [ndex parameter specifies the index'of the element type to use. The encoding of a pub-element
operftion encoding is shown in Tabte:93 with descriptions of the sub-element operation signatures
shown in Table 94.

Table 93 — Sub-element operation encoding

Byte position Field'length Content Encofled as...
(bytes)

0..3 4 Operation signature
4 Element Index (S) ulnt32Number

Table 94 — Sub-element operations by signature

Operation signature Stack arguments Operator definition Stagk results
‘curv' (63757276h) X1 ... XInput Applies sub-element (S) as a curve set Y1 ... Youtput
‘mtx ' (6d747820h) X1 ... XInput Applies sub-element (S) as a matrix Y1 ... Youtput
‘clut’ (636¢7574h) X1 ... XInput Applies sub-element (S) asa CLUT Y1 ... Youtput
'calc' (63616c63h) X1 «.. XInput Applies sub-element (S) as a calculator  |Y1 ... Youtput
"tint' (74696€e74h) X1 ... X[nput Applies sub-element (S) as a tint Y1 ... Youtput
‘elem' (656¢656dh) X1 ... XInput Applies sub-element (S) Y1 ... Youtput

11.2.1.6 Stack operations

A stack operation is used to manipulate multiple elements of the evaluation stack directly. The encoding
of a stack operation is shown in Table 95 with descriptions of the stack operation signatures shown in
Table 96.
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Table 95 — Stack operation encoding

Byte position Field length Content Encoded as...
(bytes)

0..3 Operation signature

4.5 2 Number of extra elements selector S ulntl6Number

6..7 Number of extra times selector T ulnt16Number

Table 96 — Stack operations by signature
Operatiosignature—Stackargiments———Operaterdefimiion——Stackresulty

'copy' (636f7079h) Ap ... As Duplicate top S+1 elements T+1 times Ag ... AsAgp ... Ag
(stack results shown for T=0)

'rotl' (726f746ch) Ap ... As Rotate left top S+1 elements T+1 positions |A1 ... AsAg
on stack (stack results shown for T=0)

'rotr' (726f7@72h) Ap ... Ag Rotate right top S+1 elements T+1 AgAg ... Asq
positions on stack (stack results shown,
for T=0)

'posd’ (706f7364h) As ... Ag Duplicate the element at the Sth position [As ... Ag As
from top of stack T+1 times (staek re-
sults shown for T=0)

‘flip’ (666c6970h) Ag ... Agy1 Reverse the top S+1 elements on the Agi1 ... Ag
stack (T shall be zero)

‘pop ‘ (706£7020h) Ap ... As Remove top S+1 elements on the stack (T
shall be zero)

NOTE In|the above table the last element listed is the firstitem in the evaluation stack.

11.2.1.7 Maptrix operations
A matrix opgeration performs operations to matrix data or matrix data plus column vector data placed on

the evaluatipn stack directly. The encoding of-a matrix operation is shown in Table 97 with descripfions
of the matrik operation signatures shown'in Table 98.

Table’'97 — Stack operation encoding

Byte position Field length Content Encoded as.,
(bytes)
0..3 Operation signature
4.5 2 Index of last matrix row S ulntl6Number
6...7 Index of last matrix column T ulnt16Number
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Table 98 — Stack operations by signature

Operation signature |Stack arguments Operator definition Stack results
‘solv’ (736f6c76h) Agp ... AoT Solve for x in matrix vector equation X .. XTZ
y=Ax where x and y are column vectors
and A is a matrix containing S+1 rows
As ... AsT and T+1 columns.
Yo ... Ys Z=1 indicates operation was successful
and supported by implementation. Z=0
results in contents of x set to zero and
indicates failure to invert A or lack of
support by implementation.
‘trany’ (7472616¢€h) Aoo ... Aot Transpose matrix elements on stack Ap,0,: AS,
with S+1 rows and T+1 columns
Asp ... AsT AoT... AsT

11.2{1.8 Sequence functional operations

The fequence functional operations take two or more arguments off\the evaluation stac

onto|the evaluation stack a single value that represents the result{The Size parameter s;l:)ecifies how

many more than two arguments to use. The encoding of a sequence function vector operati

is shown in Table 99 with descriptions of the function operationSignatures shown in Table[100.

Table 99 — Sequence functional-operation encoding

Byte position Field length Content Encofled as...
(bytes)
0..3 Operation signature
4.5 2 Additional'Size (S) ulntl6Number
6..7 Reserved, shall be 0

Table 100 — Variable length functional operations by signature

k and place

n encoding

Operation signature Stack arguments Operator definition Stack results
'sum|' (73756d20h) X0).:.Xs+1 Z=Xo+ ...+ Xg41 Z
‘prod' (70726f64h) X0 .. Xs4+1 Z=Xo*..*Xs+1 Z
'min|' (6d696e20h) X0 ... Xs+1 Z is minimum of Xo through Xs.1 Z
'max ' (6d617820h) Xo .-Xs54+1 Z is maximum of Xy through Xgs.1 Z
'and[ (616e6420h) X0 .-X5+1 Z=1if ALL Xg through XS+1 are great- |Z
er than or equal to 0,5. Else Z=0
'or ‘ (6£722020h) X0 ..X5+1 Z=1if ANY Xp through Xgs.1 is greater |Z
than or equal to 0,5. Else Z=0

11.2.1.9 Functional vector operations

A functional vector operation (optionally) takes one or two vector arguments off the evaluation stack
and places onto the evaluation stack a single vector result. The Size parameter specifies the last index
of a vector to use with zero-based indexing. The encoding of a function vector operation encoding is
shown in Table 101 with descriptions of the function operation signatures shown in Table 102.
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Table 101 — Functional vector operation encoding

Byte position Field length Content Encoded as...
(bytes)
0..3 Operation signature
4.5 Vector index selector (S) ulntl6Number
6..7 Reserved, shall be 0

Table 102 — Functional vector operations by signature

Operation sigpatureStackargwmentsT————Operaterdefiiion—Stackresylis

'pi’ (706920p0h) None Mathematical value IT (S shall be zero) I
‘+INF’ (2b49je46h) None Floating point value for positive infinity (S shall |+INK
be zero)
“INF’ (2d494e46h) None Floating point value for negative infinity (S shall\()-INF
be zero)
‘NaN '(4e614e20h) None Floating point value for “Not a Number” (S'shall |NaN
be zero)
'add' (61646420h) Xo .- X5 Yp...Ys Zi = Xj + Yj (for i=0...S) Zo ... Zs
'sub' (73756R20h) Xo... X5 Yp...Ys Zi = Xi - Yj (for i=0...S) Zo... Zs
'mul' (6d756(c20h) Xo... X5 Yp...Yg Zi = X; *Yj (for i=0...S) Z9... Zg
'div’ (64697620h) Xo..- X5 Yo...Ys Zi =Xi/ Yi (fori=0....S) Zo... Zs
'mod’ (6d6f6{420h) Xp... X5 Yg...Ys Zi = Xj - trunc(X; / Yi)*¥ Zo... Zs
(for i=0....S)
'pow ' (706f7720h Xp... X5 Yp...Ys : Zg... Zs
pow( ) Z; =X (fori=0..5)
‘ " (6761d61h Xo...XsY Zo... Z
gama’ ( )Xo Xs Z, = X Nffor i=0...5) 0 55
‘sadd’ (73616464h Xp...Xs Y C . Zo... Z
( P ) 0 S ZI —X1+Y [fOFl—O...S) 0 S
'ssub’ (7373Y7562h) Xo...Xs Y Zi = Xi - Y (for i=0...S) Z9... Zg
‘smul’ (736d[/56¢ch) Xp...Xs Y Z;=X;*Y (fori=0..5) Z9... Zg
'sdiv’ (73646976h) Xo...XsY Zi=X;i /Y (for i=0....S) Zo... Zs
‘sq(73712020h) Xp... Xg Zi = X; *Xj (for i=0...S) Z9o... Zs
sqrt' (73717274h) Xo..Xyg Z, = \/X—z (for i=0...5) Z9... Zg
‘cb “ (63622020h) Xo... Xs Zi = X * X * Xj (for i=0...S) Z9... Zs
cbrt' (63627274h) Xp... Xs Z; =§/X7i (for i=0...5) Zo... Zs
'abs ' (61627320h) Xq... Xg If (Xi<0,0) Zg... Zg
Zi = - Xi
Else
Zi =X
(for i=0...S)
‘neg ‘ (6e656720h) Xo... Xg Zi = - Xj (for i=0...S) Z9... Zg

NOTE Thelast elementlisted in the argument stack is the first item in the evaluation stack.
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Operation signature | Stack arguments Operator definition Stack results
‘rond’ (726f6e64h) Xp..- Xs If (X < 0,0) Zo... Zs
Z; = trunc(X; - 0,5)
Else
Zi = trunc(X; + 0,5)
(fori=0...S)
‘flor* (666c6f72h) Xp..- Xs Zi = floor(Xj) (for i=0...S) Zo... Zs
‘ceil’|(6365696¢h) Xp... Xs Z;i = ceil(Xj) (for i=0...S) Zg.)- Zs
‘trnd' (74726e63h) Xo... Xs Z; = trunc(X;) (for i=0...S) Zo.|. Zs
‘signf ( 7369676€h) X0..- Xs If (Xj < 0,0) Zo.|- Zs
Zi=-1
Else If (X; > 0,0)
Zi=-1
Else
Z;=0
(for i=0...S)
exp|[ (65787020h) Xo... X3 z, _Xi (for i=06:9) Zo.|- Zs
'log '|(6¢6f6720h) Xo... Xs Zi =log(Xj) (fori=0...S) Zp.). Zs
'In' (6c6€2020h) Xp... Xs Zi = In(Xj) (fori=0...S) Zo.]. Zg
'sin '|(73696€e20h) Xp..- Xs Zi = sin(¥y) (for i=0...S) Zo.|- Zs
NQTE Xisinradians
'cos |(636f7320h) X0... Xs Zi= cos(Xj) (for i=0...S) Zo.|- Zs
NOTE Xisinradians
'tan | (74616e20h) Xp... X5 Zi = tan(X;) (for i=0...S) Zo.)- Zs
NOTE Xisinradians
‘asinf (6173696¢€h) X0..~Xs Z,‘ =sin_1 (Xi) (for i=0...5) Zo.|. Zs
NOTE resultis in radians
'acoy' (61636f73h) Xp..- Xs 1 . Zo.|- Zs
Z;=cos (Xi) (fori=0...S)
NOTE resultis in radians
'atar]' (6174616eh) X0... Xs Z,' =tan_1 (Xi) (for i=0...5) Zo.|. Zs
NOTE resultis in radians
'atn2' (61746e32h) Xp..- X5 Yp...Ys Y. Zo... Zs
Z;=tan"! [—’j (for i=0...S)
X;
NOTE resultisin radians
NOTE The last elementlisted in the argument stack is the first item in the evaluation stack.
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Table 102 (continued)

Operation signature | Stack arguments Operator definition Stack results

'ctop’ (63746f70h) Xo... X5 Yp...Ys (2 o2 Ro... Rs Ap...Ag

A, =tan! i @
! X. | n

1

(for i=0...S)

NOTE resulting Ai in degrees ranging from 0 to
260

CAAYS

'ptoc’ (70746f63h) Ro... Rs Ag...Ag X0..-Xs Yo..|Ys

X;=R; cos(A,- 1:;—0)

YS = Rl Sin(Ai L)

180
(for i=0...S)
NOTE Aiin degrees ranging from® to 360

‘rnum’ (7264756dh) X0 ... Xs Checks for real numbers Zo... Zs
If (X;=+INF or
Xi=-INF or
Xi=NaN)
Zi=0,0

Else

Zi=1,0

'It' (6¢742070h) Xp-.- X5 Yo...Ys If (Xi <Yi) Zo...Zs
Zi=1,0
Else
Z;=0,0
(for i=0...S)
'le"' (6c652020h) Xo-.- X5 Yo...Ys If (Xj<Yy) Zo... Zs
Zi=1,0
Else
Z;=0,0
(for i=0...S)
'eq ' (65712020h) Xp-.- X5 Yo...Ys If (Xj=Yj) Zo...Zs
Zi=1,0
Else
Z;=0,0
(for i=0...S)

NOTE Differences in encoding might result in
7Z=0,0. Use ‘near’ to account for such differences

NOTE The last elementlisted in the argument stack is the first item in the evaluation stack.
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Table 102 (continued)

Operation signature

Stack arguments

Operator definition

Stack results

'near' (6e656172h)

Xo... X5 Yp...Ys

If(Yi-§<Xjand Xj<Yj+§)

Z;=1,0

Else

Z;=0,0

(fori=0...S)

NOTE &= 1x10-8to allow for small differences in

Z9o... Zs

floating point encoding.

ge ' [67652020h)

Xp..- X5 Yp...Ys

If (Xj 2 Yj)
Z;=1,0
Else
Z;=0,0
(fori=0...S)

20.- Zs

gt' (67742020h)

Xp... X5 Yp...Ys

If (Xi > Yj)
Z;=10
Else
Z;=0,0
(fori=0...S)

'vmip' (766d696¢h)

Xp ... X5 Yp...Ys

Zi =min(X;, ¥p) (for i=0...S)

Zo .. Zs

'vingx' (766d6178h)

X0 ... X5 Yp...Ys

Zi = max(Xy, Yi) (fori=0...S)

7o |.. Zs

'vandl' (76616e64h)

X0 ... X5 Yp...Ys

if (X;20,5and Y; 2 0,5)
Zi =-1,0

Else

Zi=0

(for i=0...S)

Zo |.. Zs

NOTE  The last element listed ifi the argument stack is the first item in the evaluation stack.
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Table 102 (continued)

Operation signature | Stack arguments Operator definition Stack results
'vor' (766£7220h) Xo ... Xs Yo...Ys if(X;20,50rY;20,5) Zo ... Zs

Zi=1,0

Else

Z;=0

(fori=0...S)
‘tLab’ (744c6162h) X0..Xs Yo ... Ys Zo L. = f(Y,-]— 16 1L()...‘Ls ag ... as

73 00-..03

a; =500 £(X;)- £(¥;)]
b, =200 £(v;)- £(Z;)]

(fori=0...S)
Where:
% 6.)"
t/3 when t >| —=
29
fe)=

3
% t+i when t < i
108 29 29

NOTE X Yj Z;represent normalized values.

tXYZ’' (7458595ah) Lo...Lsag ... ag bg... X0.-Xs Yo .l Ys
bg Y; =f_1 Li +16 Zg ... Zs
116
XI f -1 L1+16 a;
116 500
z f_l L,+16 ,-
116 200
(for i=0...S)
where:
¢3 when t>%
-1
O PP 6
—|t—— | whent<—
841 29 29

NOTE Xj Yj Z;represent normalized values.

NOTE  The Jastelementlisted in the argument stack is the first item in the evaluation stack.

11.2.1.10 Conditional operations

The conditional operations allow the encoding and conditional evaluation of operation streams based
upon comparing the topmost evaluation stack entry to 0,5. An 'if ' (69662020h) operation with its
associated stream of operations can optionally be immediately followed by an ‘else’ operation with its
stream of associated operations.

Only one associated stream of operations shall be evaluated depending upon the value on top of the
evaluation stack.

If the topmost value is greater than or equal to 0,5 or ‘NaN ’ then the stream associated with the 'if '
operation shall be evaluated.
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If the topmost value is less than 0,5 and an ‘else’ operation immediately succeeds an 'if ' operation, then
the stream of operations associated with the succeeding ‘else’ operation shall be evaluated.

If the topmost value is less than 0,5 and an ‘else’ operation does not immediately succeed an 'if '
operation, the stream of operations associated with the 'if ' operation shall be skipped.

An ‘else’ operation shall always be preceded by an 'if ' operation.

Before evaluating either the associated 'if ' or ‘else’ operation streams (or skipping the associated "if '
stream of operations) the topmost value shall be removed from the stack and no further arguments are
placed on the stack before evaluating the selected operation stream.

The pumber of operations in an 'if ' or ‘else’ associated operation stream shall be zero ormpre.

The encoding of the 'if ' conditional operation is shown in Table 103, and the encoding of @n 'if ' with
accompanying ‘else’ conditional operation is shown in Table 104.

Table 103 — Conditional if operation encoding

Byte position Field Content Encofled as...
length
(bytes)
0..3 4 'if ' (69662020h)
4 Number of operations (T) tecevaluate if stack ulnt32Number

argument is greater thanor equal to 0,5 or NaN

8.7+ 8T 8T Operations to evaluate if stack argument was
greater than or equ@lto 0,5

Table 104 — Conditional\ifwith else operation encoding

Byte position Field Content Encofled as...

length
(bytes)

0..3 4 'if ' (69662020h)

4 Number of operations (T) to evaluate if stack ulnt32Number
argument is greater than or equal to 0,5 or NaN
8..11 4 'else’ (656c7365h)
12..15 4 Number of operations (U) to evaluate if either ulnt32Number

the previous 'if ' conditional operation found a
stack argument less than 0,5

8.7 8T 8T Operations to evaluate if stack argument was
greater than or equal to 0,5

8+8T...7 + 8T+8U 8U Operations to evaluate if either the previous 'if '

conditional operation found a stack argument
less than (\,'-\'

11.2.1.11 Selection operations

The selection operations allow the encoding and conditional evaluation of operation streams based upon
the rounded integer value of the topmost evaluation stack entry to select a single stream of associated
operations to be evaluated. The selection 'sel ' (73656c20h) operation shall be immediately followed by
one or more ‘case’ (63617365h) operations with associated ‘case’ streams of operations. Additionally, a
‘dflt’ (64666c74h) operation with its stream of associated operations can follow immediately after the
last ‘case’ operation which has an associated stream of operations.

At most only one associated stream of operations shall be evaluated depending upon the rounded
integer value of the topmost evaluation stack entry.
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The list of case following a 'sel ' operation can be considered as a zero-based array of case streams of

length N+1.

Evaluation of a 'sel ' operation shall be performed by removing the top value from the evaluation stack
and rounding to its nearest integer value (in identical manner as the ‘rond’ operation) to define the
selection index S.

Then, if S is in the range between and including zero and N then S shall be used to index the subsequent
zero-based array of ‘case’ operations to select which associated stream of operations to evaluate. If
S is less than zero or greater than or equal to N and a ‘dflt’ operation with its associated stream of
operations follows the list of case streams then the stream of operations associated with the ‘dflt’

operation s}
operation fd
operation tg

A 'sel ' opers:
A ‘case’ opel
A ‘dflt’ oper

The topmosg
‘dflt’ operat
on the stack

The number

11 L 1 raod Ol H £ C o] £ £ £l 14 AN |
dAll gt TvdiudliTu,. ULIITT VWISUT I1 U 15 1TSS UlIdll ZTT U Ul sl Cdalll uUlidadIil Ul Cblual LU IN dIlIU 11U
llows the last ‘case’ stream then no stream of operations shall be evaluated and,the
be evaluated shall be the operation immediately after last ‘case’ stream.

ition shall always be followed by one or more ‘case’ operations.
ation shall always be preceded by a 'sel ' or ‘case’ operation.
htion shall always be preceded by a ‘case’ operation.

t value shall be removed from the stack before evaluating either the associated ‘cag
on streams (if one of these streams is selected), and no further arguments shall be p
before evaluating the selected operation stream.

of associated operations for either a ‘case’ or ‘dflt’ opération stream shall be zero or nj

The encodin
Table 105
shown in T4

g of the 'sel ' conditional operation with ‘case’ perations and ‘dflt’ operation is shoy

le 106.

; tlte encoding of the 'sel ' conditional operation with ‘case operations and no ‘dflt’ operat

Table 105 — Selection 'sel | operation with ‘dflt’ encoding

‘dflt’
next

e’ or
aced

ore.

vn in
onis

Byte pgsition Field Content Encoded as..
length
(bytes)
0..3 4 'sel) (73656¢20h)
4.7 4 Reserved: shall be zero
8.11 4 ‘case’ (63617365h)
12..15 4 Number of operations (Ug) to evaluate if the ulnt32Number
rounded stack argument evaluated by the 'sel’
operation selected case 0 to be evaluated.
16..19 4 ‘case' (63617365h)
20...23 4 Number of operations (U1) to evaluate if the ulnt32Number
rounded stack argument evaluated by the 'sel’
onaration caloctod caco 1 taho aualiiatad
operationselectedcase Tto be evaluat
12+8N... 4 'case' (63617365h)
15+8N
16+8N... 4 Number of operations (Uy) to evaluate if the ulnt32Number
19+8N rounded stack argument evaluated by the 'sel '
operation selected case N to be evaluated.
20+8N.. 4 'dflt’ (64666c74h)
23+8N
24+8N... 4 Number of operations (T) to evaluate if the ulnt32Number
rounded stack argument is less than zero or
27+8N
greater than or equal to N.
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Table 105 (continued)
Byte position Field Content Encoded as...
length
(bytes)
28+8N... 8Up Operations to evaluate if the rounded stack
argument evaluated by a 'sel ' operation selected
27+8N +8Uo case 0 to be evaluated
28+8N+8Up... 8U1 Operations to evaluate if the rounded stack ar-
gument evaluated by the 'sel ' operation selected
27+8N+8Uo+8U1 case 1 to be evaluated
N 8Un Operations to evaluate if the rounded stack ar-
' gument evaluated by the 'sel ' operation selected
28+gN+ ZSU' case N to be evaluated
—
N
27+§N+ Y 8U;
i=0
N 8T Operations to evaluate if the rounded argument
32+6N+ ZSU ' is less than zero or greater than/N
i
i=0
N
31+gN+ Y 8U; +8T
i=0
Table 106 — Selection 'sel’ operation without ‘dfIt’ encoding
Byte position Field Content Encofled as...
length
(bytes)
0..3 4 'sel" (73656¢20h)
4.7 4 Reserved: shall be zero
8..1] 4 'case’ (63617365h)
12..15 4 Number of operations (Ugp) to evaluate if the ulnt32Number
rounded stack argument evaluated by the 'sel '
operation selected case 0 to be evaluated.
16..19 4 'case’ (63617365h)
20...23 4 Number of operations (Uq) to evaluate if the ulnt32Number
rounded stack argument evaluated by the 'sel’
operation selected case 1 to be evaluated.
12+8N- 7 case (63617365h)
15+8N
16+8N... 4 Number of operations (Uyn) to evaluate if the ulnt32Number
19+8N rounded stack argument evaluated by the 'sel '
operation selected case N to be evaluated.
16+8N... 8Up Operations to evaluate if the rounded stack
argument evaluated by a 'sel ' operation selected
19+8N +8Uo case 0 to be evaluated
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Table 106 (continued)
Byte position Field Content Encoded as...
length
(bytes)
16+8N+8Up... 8U1 Operations to evaluate if the rounded stack ar-
gument evaluated by the 'sel ' operation selected
19+8N+8Uo+8U1 case 1 to be evaluated
N 8Un Operations to evaluate if the rounded stack ar-
. gument evaluated by the 'sel ' operation selected
16+8N+ ZE L case N to be evaluated
i=0
N
19+8N+ Y 4U,
i=0

11.2.2 curyeSetElement

11.2.2.1 Géneral

The Curve Set element encodes multiple one-dimensional curves. The €nicoding is shown in Table 107.

Table 107 — curveSetElement encoding

Byte ppsition Field Content Encoded as...

length
(bytes)

0..3 4 ‘cvst’ (63767374h) type signature

4.7 4 Reserved, shall be 0

8..9 2 Number ofinput channels (P) ulnt16Number

10...11 2 Number ofoutput channels (Q) ulntl6Number

12..11+8P 8p Curve\positions (offset and size) positionNumber]...]

12+8P to end Data

Encoding vdlues for both inputrand output channels is for consistency with other processing elements.
Since each one-dimensional curve maps a single input to a single output, the number of outputs shall be
the same as|the number of inputs. Thus, the number of output channels (Q) shall be the same valpie as

the number |of input chandrels (P).

The output palue foran input shall be specified by the first segment in the segment list that confains
that input. Successive break-points shall not be decreasing.

Each chann the

containing curveSetElement. Thus the offset of first stored curve in the curve set shall be 12+8P.

The one-dimensional curves are stored sequentially. Each curve shall start on a 4-byte boundary. To
achieve this, each curve shall be followed by up to three 00h pad bytes as needed.

It is permitted to share data between one-dimensional curves. For example, the offsets for some one-
dimensional curves can be identical.

Each curve can be defined by a singleSampledCurve or a segmentedCurve.
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.2.2 singleSampledCurve

The singleSampledCurve curve type allows for efficiently defining a single sampled curve segment
with simple endpoint extension parameters. The encoding of an extended CLUT Element is defined in

Table 108.
Table 108 — singleSampledCurve segment encoding
Byte position Field Content Encoded as...
length
(bytes)
0..3 4 'sngf' (736e6766h) type signature
4.7 4 Reserved, shall be 0
8..11 4 Number of data entries(N) ulnt32Number
12..15 4 Input value of first entry(F) float32Number
16..19 4 Input value of last entry(L) float32Number
20..71 2 Lookup extension type(E) aIntl6Number
22..23 2 Data encoding type ulntl6Number as afvalueEn-
codingType
24...end Data Defined by data endoding type
The number of Data entries shall be greater than or equal te two. The first Data entry shallf correspond
to thle input value of the first entry. The last Data entry shall correspond to the input valye of the last
entry. The value stored for (F) shall be less than the value'stored for (L). If more than two Pata entries
exist] then each intermediate entry shall correspond*to equidistant sampling between (F) and (L).

Line:

The

(F) o greater than (L).

If the
first
grea

IF th
less 1
by tH
than
by th

NOTH

11.2

i interpolation shall be used to determine the-output value for intermediate input val

L.ookup extension type defines how to determine output values for input values that g

 lookup extension type (E) is zero~(0) then clipping shall be performed by using the
entry if the input value is less than (F) or using the value of the last entry if the in
er than (L).

e lookup extension typ€ (E) is one (1) then linear extrapolation shall be used. If the ij
han (F) then the output shall be determined by the corresponding output value of a
e first and second data entries (and their corresponding input values). If the input valj
(L) then the output value shall be determined by the corresponding output value of a
e last two data.entries (and their corresponding input values).

[SO15076-1 does not include a definition for the use of a singleSampledCurve.

2.3\ segmentedCurve

l1es.

re less than

value of the
put value is

iput value is
line defined
e is greater
line defined

A segmentedCurve 1s stored using one or more curve segments, with break-points specit

ed between

curve segments. The first curve segment always starts at —oo, and the last curve segment always ends
at +oo. The first and last curve segments shall be specified in terms of a formula, whereas the other
segments shall be specified either in terms of a formula, or by a sampled curve.

If a curve has a single curve segment, no break-points shall be specified, and the curve shall be specified
in terms of a formula.

If a curve has more than one curve segment, break-points shall be specified between curve segments.
If there are n segments, n-1 break-points are specified. The encoding for such a curve is shown in
Table 109.
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Table 109 — segmentedCurve encoding

Byte posi- Field length Content Encoded as...
tion (bytes)

0.3 4 ‘curf’ (63757266h) type signature
4.7 4 Reserved, shall be 0
8.9 2 Number of segment(s) (N) ulntl6Number
10..11 2 Reserved, shall be 0
12..4N+7 4 x (N-1) N-1 Break-Points float32Numberf...]
4N+8..end Segments 1to N

Break-pointk separate two curve segments. The first curve segment is defined between -oco and bfeak-
point 1 (included). The kth curve segment (k in the range 2 to N-1) is defined between thereak-point
k-1 (not included) and the break-point k (included). The Nth curve-segment is defined between break-
point N-1 (hot included) and +co. Curve segments that are specified in terms of afermula shgll be

encoded as $hown in Table 110.

Table 110 — Curve segments encoding

Byte posi- Field length Content Encoded as.|.
tion (bytes)

0.3 4 ‘parf’ (70617266h) type signature

4.7 4 Reserved, shall be 0

8.9 2 Encoded value of the function type ulntl6Number

10..11 2 Reserved, shall be 0

12..end See Table 111 Parameters (see Table 111) float32Number(}.]

The encoding for the function type field and the parameters is shown in Table 111.

Table 111 — Formulacurve segments function encoding

Field length Function'type Encoded value Parameters
(bytes)

16 Y=@*X+b)Y+c 0000h v,a,b,c

20 Y=a*log(b*XYxe)+d 0001h Yv,a,b,cd

20 Y = a * b(c*X+d)g 0002h a,b,cde

20 Y=a*(b¥X¥c)Y+d 0003h v,a,b,cd

NOTE ISP 15076-% does not include a definition for a curve segment function encoding of 0003h.

The functiopal ifiputs and outputs are defined over the values that can be represented as float32Nuinber.
The curve-segment shall be defined to result in float32Number values for the entire curve-segmert.

Curve segments that are specified as sampled curves shall be encoded as shown in Table 112.

Table 112 — Sampled curve segment encoding

Byte position | Field length Content Encoded as...
(bytes)

0.3 4 ‘samf’ (73616D66h) type signature

4.7 4 Reserved, shall be 0

8..11 4 Count (N) specifying the number of entries that follow |ulnt32Number

12..end 4 xN Curve entries float32Numberf...]

The count (N) shall be greater than or equal to 1.
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The curve samples shall be equally-spaced within the segment, and shall include one break-point,
as previously described. If the sampled curve represents the curve-segment between break-point
k (Bpk) and break-point k+1 (Bp, k+1), the jth sample (j € [1, N]) shall correspond to the input value
Bp, k +j (Bp, k+1 — Bp, k) / N. Thus Bp,  is excluded.

NOTE The first point used for interpolation of a sampled curve segment is not directly stored in a sampled
curve segment.

11.2.3 CLUTElement

The CLUT appears as an n-dimensional array, with each dimension having a number of entries
corr¢Sponding to the Number of grid points.

The CLUT values are arrays of float32Number.

The [CLUT is organized as a P-dimensional array with a variable number of grid points in each
dimgnsion, where p is the number of input channels in the transform. The dimension cofresponding
to the first channel varies least rapidly and the dimension corresponding)te the last input channel
varigs most rapidly. Each grid point value is a Q-float32Number array, whieye Q is the numRer of output
chanpels. The first sequential float32Number of the entry contains.the function value for the first
outppt function, the second sequential float32Number of the entry contains the function yalue for the
second output function and so on until all of the output functionshave been supplied. Formpla (9) gives
the computation for the byte size of the CLUT.

INGrid1 x NGrid2 x...x NGridP x number of output channels (Q) x 4 9

Wheh used, the byte assignment and encoding for the.CLUT shall be as given in Table 113.

Table 113 — CLUTElement encoding

Byt¢ posi- Field length Content Encdded as...
tion (bytes)
0.3 4 ‘clut’ (636C7574h) type signature
4.7 4 Reserved, shall be 0
8.9 2 Number of input channels (P) ulntl6Nymber
10..11 2 Number of output channels (Q) ulnt16Nymber
12..27 16 Number of grid points in each dimension. Only the first [ulnt8Nuber
P entries are used, where P is the number of input chan-
nels. Unused entries shall be 00h.
28..nd See Fermula (9) CLUT data points (arranged as described in the text) float32Number]...]

The |nput.range for the CLUT is 0,0 to 1,0. For any input value outside this range, the ngarest range
limit{value'shall be the input value. The range of the Output Channels is the range of valueg that can be
represented as float32ZNumber.

If the number of grid points in a particular dimension of the CLUT is two, the data for those points shall
be set so that the correctresults are obtained when linear interpolation is used to generate intermediate
values. CLUT elements require a minimum of two grid points for each dimension.

11.2.4 emissionCLUTElement

The emissionCLUTElement encodes spectral emission information as entries of a colour lookup table
(CLUT) that are first converted to colorimetric information before applying interpolation to perform
colour transformations.

The emissionCLUTElement allows for the encoding of a colour lookup table (CLUT) using flexible and
more efficient encoding of values. Values in the CLUT can be encoded using ulnt8Number, ulnt16Number,
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float16Number, and float32Number types. The encoding of an emission CLUT Element is defined in

Table 114.
Table 114 — emissionCLUTElement encoding
Byte position Field Content Encoded as...
length
(bytes)
0..3 4 'eclt’ (65636¢74h) type signature
4..7 4 Reserved, shall be 0
8...9 2 Nu111‘1161 Ufiuput Llldllllc}b (P) uIlltlUr‘{'ulllel
10...11 2 Number of output channels (Q) ulntl6Number
12..17 Spectral data wavelength range:
6 start (F), end(E), steps(S) spectralRange
18..19 2 CLUT Encoding type ulntl6Number as@ valueEncog-
ingType
20..35 16 Array containing number of grid ulnt8Number[16]
points for each input channel (G)
36...36+M-1 M Data for CLUT Defimed by CLUT Encoding tyge
36+M..36+Mp-S-1 S Spectral emission of White DPéfined by CLUT Encoding type

The number
The number

The CLUT
correspondj

The CLUT v
type in Forn

matrix g

The spectr3
wavelength
emission ve

The CLUT {
dimension, Y
the first cha
most rapidly
range. The

sequential ¢

of output channels (Q) shall be three.

hppears as a P-dimensional array, with each “dimension having a number of en
ng to the number of grid points.

hlues are arrays of numbers defining efnission vectors determined by the CLUT Encq

hula (10).

rray = [eq, €2, ..., €s]

il data wavelength range)field encoded as a spectralRange shall define the sta
(F), ending wavelength/(E), and number of steps (S) defined for the reference ¥
Ctor and spectral CLUT elements. The number of steps shall be two or greater.

s organized as.a’P-dimensional array with a variable number of grid points in
where P is thenumber of input channels in the transform. The dimension correspondi
nnel variesleast rapidly and the dimension corresponding to the last input channel v
. Each_grid point value is an S-number array, where S is the number of steps in the sped
irst sequential entry contains the function value for the first emission array, the se
ntry~contains the function value for the second emission array, and so on until all d

emission ar

of input channels (P) shall be greater than or equal to.ene and less than or equal to 1.

tries

ding

(10)

rting
vhite

each
ng to
aries
ctral
cond
f the

UT.

Fays have been anp]ipd Formula (11) givpc the {‘nmpnfnfinn for the hyfp size af the CI

G[O] X G[l] X X G[P—l] x number of spectral steps (S) x number of encoding type bytes

(11)

The reference white emission vector shall be organized as an array of s elements with the first element
corresponding to the start wavelength (F), and the last element corresponding to the ending wavelength
(E) with the intervening S-2 elements corresponding to evenly spaced wavelengths between the
starting and ending wavelengths. The array is organized as shown in Formula (12):

white array = [wq, wy, ...

, ws] (12)

The colorimetric conversion of the emissive CLUT shall be determined by applying white normalized
observer CMFs associated with the PCC to each CLUT value array, resulting in a CLUT containing value
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arrays of tristimulus values. This CLUT shall then be used for transforming input channels to output
channels with the output channels being defined by the converted colorimetric arrays in the CLUT, as
shown in Formulae (13) to (15).

0, “1
0, |=kc| 2|, (13)
05 :
€s
I_Cm Cx2 Cx ¢-|
G=cy1 Cyp = Cys | (14)
Cz1 Cz2 €z,
k ! (15)

=S
ch,iwi
i-1

If th¢ observer CMFs have a different sampling range they shall first be'¥ésampled to the spectral range
defined by the processing element. For CIE relative colorimetric processing, normalization shall be
perfgrmed by dividing by the scalar product of the reference white vector and the second GMF (c,).

11.2|5 emissionMatrixElement

The ¢missionMatrixElement encodes spectral emissiondhformation for chromatic primarig¢s and offset
that [shall be first converted to colorimetric information which forms a matrix that is uged for pixel
inforimation.

The ¢mission matrix element encoding is shown in Table 115.

Table 115 ~emissionMatrixElement encoding

Byte po- | Field length Content Encoded as}..
sition (bytes)

0.3 4 ‘emtx’ (656d7478h) type signature

4.7 4 Reserved, shall be 0

8.9 2 Number of input channels (P) ulntl6Number

10..11 2 Number of output channels (Q) ulntl6Number

12.17 6 ?g)e’cst;‘:rl)sdéga wavelength range: start (F), end spectralRange

1819 2 Absolute flag ulntl6Number

20..20+  |4xS Spectral emission of White float32Numberf...]

7 RO i |

20+4xS.. [4x(Q+1)xS Spectral Matrix Elements float32Numberf...]

end

The number of input channels (P) shall match the number of input channels to the processing element.
The number of output channels (Q) shall be three.

The spectral data wavelength range field encoded as a spectralRange shall define the starting
wavelength (F), ending wavelength (E), and number of steps (S) defined for the reference white
emission vector and spectral matrix elements. The number of steps shall be two or greater.

The reference white emission vector shall be organized as an array of S elements with the first element
corresponding to the start wavelength (F), and the last element corresponding to the ending wavelength
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(E) with the intervening S-2 elements corresponding to evenly spaced wavelengths between the
starting and ending wavelengths. The array is organized as shown in Formula (16):

white array = [w1, wp, ..., ws] (16)

The spectral matrix encoding shall be organized as an array of S x Q elements, and Q is the number
of output channels to the matrix. Wavelengths shall be assigned to the elements of each row with the
first element corresponding to the start wavelength (F), and the last element corresponding to the
ending wavelength (E) with the intervening S-2 elements corresponding to evenly spaced wavelengths

between the starting and ending wavelengths. Each matrix array element is a float32Number. The
matrix arrayis nrg;miwnd asshown in Formula (17):

matrix grray = [e11, €12, ..., €15, €21, €22, .., €25, €31, €32, ..., €3S, €1, €2, ..., €s] a7)

The elements of this array shall first be converted to colorimetric vectors that form a‘matrix (M) and
offset vector, and then the matrix M and offset vector shall be used to perform colourtransformagions
by the procgssing element as shown in Formula (18):

Yy X1 |04
Y3 X3] |03

The range of the input values X3, X», .., Xp and output values Y7, Y2, Yy is the range of values thaft can
be represented as float32Number.

The colorimetric matrix M and offset vector shall be determinied by applying white normalized obsg¢rver
CMFs assocjated the PCC. If the observer CMFs have a-different sampling range they shall firgt be
resampled tp the spectral range defined by the processing element as shown in Formulae (19) to (21).

€11 €21 " €p1
€12 €12 €p2
€1s €25 €ps
€1
04
€
0, |=Kc| ° |, (20)
03
es
Cx1 Cx2N " Cxgs
C=lc,1C6yn  Cys (21)
Cz1 Cz2 CZ,SJ

If the Absolute flag is zero (for CIE relative colorimetric processing) then normalization scalar k shall
be performed by dividing by the scalar product of the reference white vector and the second CMF (cy) as

shown in Formula (22):
1

-5
zcy,iwi
i=1

Otherwise, if the Absolute flag is set to 1 then the normalization scalar k shall be 1.

k (22)
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6 emissionObserverElement

The emissionObserverElement transforms input channel data into output channel data as colorimetric
representation of the incoming spectral emission.

The emission observer element encoding is shown in Table 116.

Table 116 — emissionObserverElement encoding

The 1
The 1

The
wave
emis|

The 1
COrry

(E)

start
AT
The

asso
to th

normalization shall'be performed by dividing by the scalar product of the reference whit

the s

Byte po- | Field length Content Encoded as...
sition (bytes)

0.3 7 €obs (656162730 Type signature
4.7 4 Reserved, shall be 0

8.9 2 Number of input channels (P) ulnt16Number
10..11 2 Number of output channels (Q) ulntl6Number
12.17 6 igeepcst(rg)l data wavelength range: start (F), end(E), SpbctralRange
18..19 2 Absolute flag ulnt16Number
20..20+|4x%S Spectral emission of white float32Numberf...]
4xS-1

wumber of input channels (P) shall match the number of input channels to the processi
number of output channels (Q) shall be three.

spectral data wavelength range field encoded.'as a spectralRange shall define 1
length (F), ending wavelength (E), and number of steps (S) defined for the refe
sion vector and spectral matrix elements. Thé number of steps shall be two or greater.

eference white emission vector shall betorganized as an array of S elements with the f
e sponding to the start wavelength (FJ;and the last element corresponding to the ending
vith the intervening S-2 elements' corresponding to evenly spaced wavelengths H
ing and ending wavelengths. Thearray is organized as shown in Formula (23):

Jhite array = [wq, w2, ..., W]

Colorimetric output-chiannels shall be determined by applying white normalized obj
riated the PCC. Ifthe observer CMFs have a different sampling range they shall first b
e spectral rafge defined by the processing element. For CIE relative colorimetric

econd CME (c)).

hg element.

he starting
rence white

irst element
wavelength
etween the

(23)

erver CMFs
e resampled
processing,
e vector and

ata shall be

The fonversion of input emission spectral channel data to colorimetric output channel d
calcylated as shown in Formulae (24) to (26):
Xq
Y
X3
Yz :kC . )y
Y
3 XS
Cx,l CX,Z CX,S
C: Cy,l Cy,z Cy,S ,
Cz,l CZ,Z CZ,S
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1

-5
zcy,iwi
i=1

11.2.7 extendedCLUTElement

k (26)

The extendedCLUTElement allows for the encoding of a colour lookup table (CLUT) using a flexible and
more efficient encoding of values. Values in the CLUT can be encoded using ulnt8Number, ulnt16Number,
float16Number, and float32Number types. The encoding of an extended CLUT Element is defined in
Table 117.

Table 117 — extendedCLUTElement encoding

Byte pgsition Field Content Encoded as...
length
(bytes)
0..3 4 'xclt' (78636¢74h) type signature
4..7 4 Reserved, shall be 0
8..9 2 Number of input channels (P) ulntl6Number
10...11 2 Number of output channels (Q) ulntI6Number
12..15 4 CLUT encoding type ulnt32Number as a valueEncofl-
ingType
16..31 16 Number of grid points for each iiput |ulnt8Number[16]
channel (G)
32...end Data for CLUT Defined by CLUT Encoding type

The number of input channels (P) shall be greater than or' equal to 1 and less than or equal to 16.

The CLUT
correspondi

hppears as an n-dimensional array, with each dimension having a number of entries

ng to the number of grid points.

The CLUT values are arrays of numbers determined by the CLUT encoding type.

The CLUT isjorganized as a P-dimensignal array with a variable number of grid points in each dimension,

where P is {
channel van
rapidly. Eacl
sequential ¢
contains the
have been st

NGrid1

x numHb

he number of input channels in the transform. The dimension corresponding to the
ies least rapidly and the dimension corresponding to the last input channel varies
h grid point valuedsZa Q-number array, where Q is the number of output channels. The
ntry contains the’function value for the first output function, the second sequential ¢

function vatuefor the second output function and so on until all of the output func
ipplied. Foimula (27) gives the computation for the byte size of the CLUT.

x NGrid2 ... x NGridP x number of output channels (Q)
et-ef'encoding type bytes

first
most
first
entry
tions

(27)

11.2.8 inverseEmissionMatrixElement

The inverseEmissionMatrixElement encodes spectral emission row vector information for three
trichromatic primaries and offset that shall be first converted to colorimetric column vector information
which forms a matrix that is inverted before applying pixel information.

The inverse

122

emission matrix element shall be encoded as shown in Table 118.
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Table 118 — inverseEmissionMatrixElement encoding

The 1
The 1

The
wave
emis

The 1
COrT¢

(E)) 9

start

<

The

outp
first
endil
betw
maty

=

The
offse

Byte posi- Field Content Encoded as...

tion length

(bytes)
0..3 4 ‘iemx’ (69656d78h) type signature
4.7 4 Reserved, shall be 0
8.9 2 Number of input channels (P) ulnt16Number
10..11 2 Number of output channels (Q) ulntl6Number
19 17 ‘ Spectral data wavelength range: start (F),end | . ..
(E), steps(d) B p

18..19 2 Reserved, shall be 0
20..20+ 4xS [4xS Spectral emission of white float32Numberf...]
-1
20+ 4xS.. |4x (Q+1) xS |Spectral matrix elements float32Numberf...]
end

number of input channels (P) shall be 3.
umber of output channels (Q) shall be 3.

spectral data wavelength range field encoded as a spectralRange shall define f{
length (F), ending wavelength (E), and number of steps (S), defined for the refe
sion vector and spectral matrix elements. The numberof steps shall be two or greater.

eference white emission vector shall be organizéd‘as an array of S elements, with the f
e sponding to the start wavelength (F), and thelast element corresponding to the ending
ind with the intervening S-2 elements corresponding to evenly spaced wavelengths |
ing and ending wavelengths. The array is organized as shown in Formula (28):

Uhite array = [wyq, wp, ..., ws]

bpectral matrix encoding shall be organized as an array of S x Q element, and Q is th
it channels to the matrix~Wavelengths shall be assigned to the elements of each r

ng wavelength (E) with the intervening S-2 elements corresponding to evenly spaced Y
een the starting dmd ending wavelengths. Each matrix array element is a float32N
ix array is orgagized as shown in Formula (29):

natrix array <[e11, €12, .., €15, €21, €22, ..., €25, €31, €32, ..., €3S, €1, €2, ..., €s]

blemeénts of this array shall first be converted to colorimetric vectors that form a ma
t wector, and then the inverse of the colorimetric matrix M-1 and offset vector shal

he starting
rence white

irst element
wavelength
between the

(28)

e number of
bw with the

element corresponding to the start wavelength (F), and the last element corresponding to the

vavelengths
umber. The

(29)

rix (M) and
be used to

perfid

rnrcolourtransformations hy the prnr‘nccing clement as shown in Formula (30):
oeha o oy

Y X1 |01
v, |=(M)7| | X2 || 0,

(30)

Y3 X3] |03

The range of the input values X1, X2, ..., Xp and output values Y3, Y7, .., Yg is the range of values that can
be represented as float32Number.

The colorimetric matrix M and offset vector shall be determined by applying white normalized
observer CMFs associated the PCC. If the observer CMFs have a different sampling range they shall first
be resampled to the spectral range defined by the processing element. For CIE relative colorimetric
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processing, normalization shall be performed by dividing by the scalar product of the reference white
vector and the second CMF (cy), as shown in Formulae (31) to (33).

€11 €21 €31
e e e
M=kc| F T F (31
€1s €25 €35
e
o] |
0, |=Kc| *|, (32)
03
€s
Cx1 Cx.2 Cx,s
C=lcy1 ¢yn Cys (33)
Cz,] CZ,Z CZ,S
If the Absolfite flag is zero (for CIE relative colorimetric processing) then normalization scalar k|shall
be calculated by dividing by the scalar product of the reference white vettor and the second CMF (¢,) as
shown in Formula (34):
1
k= (39
ZC y iWi
i=1
Otherwise, if the Absolute flag is set to 1 then the normalization scalar k shall be 1.
11.2.9 JabToXYZElement
The XYZToJabElement allows for the encoding of appearance parameters for the purpose of convefting

from colorir

The encodin

g of a JabToXYZElementisshown in Table 119.

Table 119 — JabToXYZElement encoding

hetry under the viewing conditions to CIECAMO2 Cartesian appearance correlates Jab

Byte|position Field Content Encoded as.{
length
(bytes)
D...3 4 ‘JtoX’ (4a746f58h) type signature
.7 4 Reserved, shall be 0
B9 2 Number of input channels (P) wint16Numbdr
10...11 2 Number of output channels (Q) ulntl6Number
12...23 12 White point XYZ floatXYZNumber
24..27 4 Luminance in cd/m?2 float32Number
28...31 4 Background luminant in cd/m?2 float32Number
32..35 4 Impact of surround (ranging from 0,0 to 1,0) float32Number
36..39 4 Chromatic induction factor float32Number
40..43 4 Adaptation factor float32Number

Both the number of input channels (P) and number of output channels (Q) shall be three.

The logic to convert XYZToJab is given in Appendix C.

124
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11.2.10matrixElement

The matrix is organized as an array of P x Q elements, where P is the number of input channels to the
matrix, and Q is the number of output channels. Each matrix elements is a float32Number. The array is

organized as shown in Formula (35):

array = [e11, €12, .., €1P, €21, €22, -., €2P, -, €Q1, €02, +-+» €QP, €1, €2, ..., €Q)] (35)

The matrix element encoding is shown in Table 120.

Table 120 — Matrix Element encoding

Byte¢ posi- | Field length Content Encdded as...
tion (bytes)

0..3 4 ‘matf’ (6D617466h) type signature

4.7 4 Reserved, shall be 0

8.9 2 Number of input channels (P) ulnt16Nymber

10..141 2 Number of output channels (Q) ulnt16Ngmber

12..¢nd 4x(P+1)xQ Matrix elements float32Numberf...]

The matrix is used to convert data to a different colour space, according to Formula (36):
Y, e;1 e - eipl|| Xy e,
Yz 621 622 ezp XZ ez

- : + (36)

YQ te €Q2 er XP €Q
The range of the input values X1, X3, .., Xp and output values Y3, Y, .., Yy is the range of values that can
be rgpresented as float32Number.

11.2{11sparseMatrixElement

The |sparseMatrixElement is (ovganized as a P-dimensional LUT with a variable number of grid
points in each dimension, whére P is the number of input channels in the transform. The dimension
corrgsponding to the first channel varies least rapidly and the dimension corresponding to the last
inpuf channel varies mest rapidly. Each grid point value is a sparse matrix of B bytes.

Wheh used, the byte assignment and encoding for the sparseMatrixElement shall be [as given in
Table 121.

Table 121 — sparseMatrixElement encoding

Bylte position Field Content Encoded ay...
length
(bytes)
0...3 4 'smet' (736d6574h) type signature
4.7 4 Reserved, shall be 0
8..9 2 Number of input channels (P) ulntl6Number
10...11 2 Number of equivalent output channels ulntl6Number
reserved for internal sparse matrix en-
coding (Q)
12..13 2 Sparse matrix LUT encoding type sparseMatrixEncodingType
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Table 121 (continued)

Byte position Field Content Encoded as...
length
(bytes)
14..15 2 Reserved, shall be 0
16..31 16 Number of grid points for each input ulnt8Number[16]
channel (G)
32...end LUT of sparse matrices sparseMatrixUInt8[] or
sparseMatrixUInt16[] or
sparseMatrixFloat16[] or
sparseMatrixFloat32[]

The equatio

Formula (37):

h for computing the number of sparse matrices in the LUT of sparse matrices’is as shoyn in

numMatrices = NGrid1 * NGrid2 *... * NGridP (37)

The sparse
Matrix Entr

All sparse mjatrices in the sparseMatrixElement shall have the same mumber of rows and columns.

11.2.12refl

matrices encoded in the LUT of sparse matrices shall use compact padding resulting ip the
y Data Values and end of each sparse matrix being aligned on.a 4-byte boundary.

pctanceCLUTElement

The reflectagnceCLUTElement encodes spectral reflectance information as entries of a colour lopkup
table (CLUT|) that are first converted to colorimetric@nformation before applying interpolati¢n to

perform col

The reflectd
and more 4

bur transformations.

nceCLUTElement allows for the enceding of a colour lookup table (CLUT) using flgxible
fficient encoding of values. Values in the CLUT can be encoded using ulnt8Nummber,

ulntl6Number, float16Number, and float32Number types. The encoding of a reflectanceCLUTElement

is defined in Table 122.
Table 122~ reflectanceCLUTElement encoding
Byte pogition Field Content Encoded as...
length
(bytes)
0..3 4 'rclt' (72636c74h) type signature
4..7 4 Reserved, shall be 0
8..9 2 Number of input channels (P) ulntl6Number
10...11 2 Number of output channels (Q) ulntl6Number
12..15 4 Flags ulnt16Number
16..21 6 ?l};))e’c(;crl;gl(d}za)fz;;/g;\sle(lse)ngth range: start spectralRange
22..23 2 CLUT Encoding type (T) ulnt16Number as a valueEncoding-
Type
24..39 16 Number of grid points for each input |[ulnt8Number[16]
channel (G)
40...40+M-1 M Data for CLUT Defined by CLUT Encoding type (T)
40+M..40+M+N-1 N Spectral reflectance of white Defined by CLUT Encoding type (T)

The number of input channels (P) shall be greater than or equal to one and less than or equal to 16.
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The number of output channels (Q) shall be 3.

The CLUT appears as an n-dimensional array, with each dimension having a number of entries
corresponding to the number of grid points.

The CLUT values are arrays of numbers defining reflectance vectors determined by the CLUT Encoding

type

matrix array = [ry, 2, ...

(T), as shown in Formula (38).

, 1s]

(38)

The spectral data wavelength range field encoded as a spectralRange shall define the starting

wave
vect

The
dimd
the f
most]
rang
sequ
refle

N

The

elem|
wave
betwf

<

The

obse
of tri
with
Fornm

Tength (FJ, ending wavelength (EJ, and number of steps (5] defined for the reference
r and spectral CLUT elements. The number of steps shall be two or greater.

CLUT is organized as a P-dimensional array with a variable number ofsgrid poi
nsion, where P is the number of input channels in the transform. The dimefision corre
rst channel varies least rapidly and the dimension corresponding to thelast input ch
rapidly. Each grid point value is an S-number array, where S is the number of steps in
e. The first sequential entry contains the function value for the first.reflectance array
ential entry contains the function value for the second reflectance-array and so on uf
ctance arrays have been supplied. Formula (39) gives the computation for the byte size

Grid1 x NGrid2 x... x NGridP x number of spectral steps (S) x number of encoding type

reference white reflectance vector shall be organized as an array of s elements w

length (E) with the intervening S-2 elements’ corresponding to evenly spaced
een the starting and ending wavelengths. The'array is organized as shown in Formula|

Uhite array = [wq, wa, ..., ws]

colorimetric conversion of thereflectance CLUT shall be determined by applying
Fver CMFs associated the PCC to each CLUT value array resulting in a CLUT containing

the output channels being defined by the converted colorimetric arrays in the CLUT,
ulae (41) and (42).

Wwhite media

nts in each
sponding to
hnnel varies
the spectral
" the second
til all of the
of the CLUT.

bytes (39)

ith the first

ent corresponding to the start wavelength (F), anid' the last element corresponding t¢ the ending

vavelengths

(40):
(40)

normalized
value arrays

stimulus values. This CLUT:shall then be used for transforming input channels to output channels

as shown in

(41)

Cx,sls]

Cy,SIS

J,and

¢, sls

where

Cx ¢y and ¢, are normalized observer colour matching functions with S entries.

(42)

The spectral reflectances and observer CMFs shall be resampled if they differ from the sampling range
of the illuminant.
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For relative colorimetric processing (when the Absolute flag is zero) the illuminant white point from
the PCC and media white point (calculated based on the white array, observer and illuminant from the
PCC used to determine the initial reflectance CLUT colorimetry) shall be used additionally to normalize
each of the entries in the CLUT, as shown in Formulae (43) to (46).

0;' 01
0" |=M| 0y |, (43)
03’ 03
w x - 0 0
w,X
IW
M= 0 2 - 0 , (44)
w,y
0 0 lw,z
. mW'Z_
S S S
Iw,x =§_,Cx,ili ’ Iw,y =Z,Cy,ili ’ IW,Z =E,C'Z,ili ,and (4‘5)
iq1 i=1 i=1
w1
w,X

w2

m, , |FkC| . (46)
mW,Z
Wg
where

I isthe spectral power distribution of the PCCjilluminant white point.

11.2.13reflectanceObserverElement

The reflecanceObserverElement transforms input channel data into output channel datp as
colorimetriq representation of the incoming spectral reflectance.

The emission observer element.endoding is shown in Table 123.

Table’123 — reflectanceObserverElement encoding

Bytg po- | Fielddength Content Encoded as...
sition (bytes)

0.3 4 ‘robs’ (726f6273h) type signature

4.7 4 Reserved, shall be 0

8.9 2 Number of input channels (P) ulntl6Number

10..11 2 Number of output channels (Q) ulntl6Number

12.17 6 gggfgfls?:;zl(\év)avelength range: start (F), spectralRange

18..19 2 Absolute flag ulnt16Number

20..20+ |4xS Spectral reflectance of white float32Number]...]

4xS-1

The number of input channels (P) shall match the number of input channels to the processing element.

The number of output channels (Q) shall be three.
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The spectral data wavelength range field encoded as a spectralRange shall define the starting
wavelength (F), ending wavelength (E), and number of steps (S) defined for the reference white
emission vector and spectral matrix elements. The number of steps shall be two or greater.

The reference white reflectance vector shall be organized as an array of S elements with the first
element corresponding to the start wavelength (F), and the last element corresponding to the ending
wavelength (E) with the intervening S-2 elements corresponding to evenly spaced wavelengths
between the starting and ending wavelengths. The array is organized as shown in Formula (47):

white array = [w1, wp, ..., ws] (47)

Thenlcolorimetric conversion of incoming reflectance vectors shall be determinedy by applying
normalized observer CMFs associated the PCC to each CLUT value array resulting in a-CLUT containing
valug¢ arrays of tristimulus values. This CLUT shall then be used for transforming)input|channels to

outppt channels with the output channels being defined by the converted colorimetric arrays in the
CLUT, as shown in Formulae (48) to (50).
r
0, !
2
0, |=kC| |, (48)
03
I's
Cxalt Cxpla Cxsls
¢= Cy,lll Cy‘zlz Cy,SIS ,and (49)
czali €002 Czsls
1
k= R (50)
Zc y,iWi
i=1
The gpectral reflectances and observer CMFs shall be resampled if they differ from the sampling range

of th

For 1

b il[luminant.

elative colorimetric prgcessing (when the Absolute flag is zero) the illuminant whitg

e point from

the HCC and media whitepueint (calculated based on the white array, observer and illuminant from the
PCC psed to determine the initial reflectance colorimetry) shall be used to additionally ngrmalize the
outplit colorimetry, as'shown in Formulae (51) to (54).
0;' 04
02' =M 02 ) (51)
(0% 053
F, 7
wW,X O 0
mW,X
IW
M= 0 Y 0 , (52)
my,
0 0 IW%
|- mW'Z -
S S S
Iw,x =2,(")(111 ’ Iw,y =X,Cy,ili ’ IW,Z =z,cz,ili ,and [53)
i=1 i=1 i=1
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w1
mw,x w
2
m, , |= kC : (54)
mW,Z
Wg

11.2.14tintArrayElement

The tint tintArrayElement allows for the encoding of a one-dimensional input to n-dimensional output
colour lookup transform using flexible encoding of values.

NOTE This processing element differs from the segmentedCurve, which defines independent 1-dimepsion
transformatipns for n-dimensional input, thus resulting in an N-dimension to N-dimension transform.

Values in the tint array can be encoded using ulnt8Number, ulntl6Number, float16Number| and
float32Numfer types. The range of ulnt8Number and ulntl6Number values shall correspond to olitput
channel valjies ranging from 0,0 to 1,0. The encoding of a tintArrayElement is defined\in Table 124

Table 124 — tintArrayElement encoding

Byte position Field Content Encoded as...

length
(bytes)

0..3 4 'tint' (74696e74h) type signature

4..7 4 Reserved, shall be 0

8..9 2 Number of input channels (P) ulntl6Number

10...11 2 Number of output channels (Q) ulnt16Number

12..15 4 Tint encoding type ulnt32Number as a valueEncoding-

Type
16..19 4 Reserved, shall be 0
20...end Tint array Defined by Tint Encoding type

The number of input channels (P) shall be.one.

The numbet of entries in the tint agray’shall be evenly divisible by the number of Output Channels (Q)
and there sHall be at least 2Q entriesin the TintArray.

The first Q alues in the tint array shall define the output channel values for an input tint of 0,0. The last
Q values in he tint array<&hall define the output channel values for an input tint of 1,0. Intermegiate
entries in the tint array shall define output values for a uniform sampling of the input tint value.

Output valups for intermediate tint values shall be defined using linear interpolation of corresponding
channel entfies,

If an input tintds less than 0.0 then the output shall be for an input tint of 0,0. If an input tint is greater
than 1,0 then the output shall be for an input tint of 1,0.

11.2.15XYZToJabElement

The XYZToJabElement allows for the encoding of appearance parameters for the purpose of converting
from colorimetry under the viewing conditions to CIECAMO02 Cartesian appearance correlates Jab.

The encoding of an XYZToJabElement is shown in Table 125.
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Byte position Field Content Encoded as...
length
(bytes)
0..3 4 ‘Xto]’ (5874 6f4ah) type signature
4.7 4 Reserved, shall be 0
8..9 2 Number of input channels (P) ulnt16Number
10...11 2 Number of output channels (Q) ulntl6Number
12..23 12 White Point XYZ floatXYZNumber
24..27 4 Luminance in cd/m?2 float32Nl|1mber
28...B1 4 Background luminance in cd/m? float32N1|1mber
32..B5 4 Impact of surround float32Ngmber
(ranging from 0,0 to 1,0)
36..39 4 Chromatic induction factor float32Nymber
40...43 4 Adaptation factor float32Nymber

Both|the number of input channels (P) and number of output channels.(Q) shall be three.

The logic to convert XYZToJab is given in Annex C.

11.2{16“Future” expansion elements

The bACS’ and ‘eACS’ element types were provided in(version 4.3 as placeholders for futur
The [intent of these elements has been superseded’ by the full specification of a spec
PCS |n this document. If used, these elements-shall be considered as pass through elemgnts with no
modification of channel data. Their encoding shall be as shown in Table 126 and Table 127.

Table 126 — bACS element encoding

P expansion.
trally-based

Byte position Field Content Encoded as...
length
(bytes)
0..3 4 ‘DACS’ (62414353h) type signature
4.7 4 Reserved, shall be 0
8..9 2 Number of input channels (P) ulnt16Number
10...11 2 Number of output channels (Q) ulnt16Number
12..15 4 Signature
Table 127 — eACS element encoding
Byteposition Field €ontent Emncoded as...
length
(bytes)
0..3 4 ‘eACS’ (65414353h) type signature
4.7 4 Reserved, shall be 0
8..9 2 Number of input channels (P) ulntl6Number
10...11 2 Number of output channels (Q) ulntl6Number
12..15 4 Signature

For both the ‘bACS’ and ‘eACS’ element types the number of input channels (P) shall be the same as the

number of output channels (Q).
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12 Struct tag type definitions

12.1 General

The tagStructType tag type provides the means of associating multiple tag elements into a single data
structure with each contained sub-tag element having a unique signature. Each tagStructType has a
Structure Type Identifier that shall be used to identify the possible sub-tag element s and the purposes
for each sub-tag element in the structure.

The public tagStructType tag structure types defined by the ICC are listed in 12.2 in alphabetical order.

12.2 Struct tag type listing
12.2.1 brdfTransformStructure

12.2.1.1 General
Structure Type Identifier: 'brdf' (62726466h).

The brdfTransformStructure defines information used to transform devicevalues to BRDF parampters
that can bg used to simulate colour appearance under various vieWwing/illumination geomefries.
Table 128 shows publically defined element sub-tag members of a brdfStructure. Descriptions for|each
sub-tag member can be found in 12.2.1.2.

Table 128 — brdfTransformStructure€lement sub-tags

Id Signature Description Sub-tag type Usel
brdfTypeMbjr "type’ Type of BRDEcolour |signature Requiredl
(74797065h) - ‘mono’, ary’colr’ (see
12.2.1.2.1)
brdfFunctiopMbr 'func'’ BRDF-function signa- |signature Requiredl
(66756e63h) ture (see 12.2.1.2.2)
brdfParamslPerChannelMbr | nump' Number of BRDF ulnt16Number Requiredl

(6e756d70h) parameters stored
per output channel in
xform (see 12.2.1.2.3)

brdfTransformMbr 'xfrme The transform (see multiProcessElement Require
(7866726dh) 12.2.1.2.4)

==}

12.2.1.2 brdfTransfermStructure sub-tag member elements

12.2.1.2.1 brdfTypeMbr
Tag elementsigmaturetype (74797065

Permitted tag element types: signature.

Element usage: required.
The brdfTransformStructure brdfTypeMbr element defines the type of BRDF transform.

If the brdfTypeMbr sub-tag contains the signature ‘mono’ (6d6f6e6fh) then the brdfTransform sub-
tag shall be assumed to define output BRDF parameters using only a single channel of data. The total
number of parameters shall be defined by the value stored in the paramsPerChannel sub-tag element.

If the brdfTypeMbr sub-tag contains the signature ‘colr’ (636f6¢c72h) then the brdfTransform sub-tag
shall be assumed to define output BRDF parameters for each channel defined by the associated PCS
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elements in the header. The total number of parameters for each output entry shall be defined as the
number of PCS channels multiplied by the value stored in the paramsPerChannel sub-tag element.

12.2.1.2.2 brdfFunctionMbr
Tag element signature: 'func' (66756e63h).
Permitted tag element types: signature.

Element usage: required.

The brdfTransformStructure hrrlfpunrﬁnn Mbr element shall contain a cignafnrn rnprncnnfi g the BRDF
function to be used. Table 129 shows the signatures and function types that are defined. Additional
BRDF function signatures may be registered at the ICC signature registry at http://www.cplor.org (see
Clause 5).

Table 129 — brdfTransformStructure brdfTypeMbr signatures

Signature Description Implied number of
parameters

‘BPhp* (42506830h) Blinn-Phong with monochrome parameters

‘BPh|l’ (42506831h) Blinn-Phong with full colour parameters

‘CT1p’ (43543130h) Cook-Torrance with 1 lobe and monochrome parameters
‘CT2p’ (43543230h) Cook-Torrance with 2 lobes and monochrome parameters
‘CT3p’ (43543330h) Cook-Torrance with 3 lobes and maenochrome parameters 11

O || W |

‘CT1{l’ (43543131h) Cook-Torrance with 1 lobe and full colour parameters 5

‘CT2|l’ (43543231h) Cook-Torrance with 2 lobes and full colour parameters 8

‘CT3|l" (43543331h) Cook-Torrance with 3 lobés and full colour parameters 10

‘War0’ (57617230h) Ward with monochronie parameters 5

‘Wanl’ (57617231h) Ward with full celour parameters

‘Lal0’ (4c613130h) Lafortune with*t'lobe and monochrome parameters? 9

‘La2{’ (4c613230h) Lafortunewwith 2 lobes and monochrome parameters? 16

‘La3p’ (4c613330h) Lafortune with 3 lobes and monochrome parameters? 23

‘Lal}’ (4c613131h) Lafoytune with 1 lobe and chromatic parameters? 5

‘La2l’ (4c613231h) Lafortune with 2 lobes and chromatic parameters?

‘La3]’ (4c613331h) Lafortune with 3 lobes and chromatic parameters? 13

The lighting equation used by the Blinn-Phong reflectance model is as shown in Formula (55):
1p =, (kd (Lyy N)ipy g +kg(N-Hp,)" im,s) (55)

melights
where

im,d 1s the intensity of the diffuse component of light in normalised digital counts;
imys s the intensity of the specular component of light in normalised digital counts;

L, is the direction vector from the light to the location on the surface;
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N is the normal for the location on the surface;
H,, is the direction vector midway between L and the viewpoint vector V;
Ip  isthe total light reflected from the surface of the object towards the viewer in normalised

digital counts.

The following are the Blinn-Phong parameters that specify the material:

kq is the diffuse reflection constant for the material;
ks is tIe specular reflection constant for the material;
n isthe shininess constant for the material.
For the full|colour Blinn-Phong function the three parameters shall be kg, ks, and n. The'order gf the
parameters|in the transform shall be:
kd! kS; n.
The monochrome function combines the output of the absolute transformswith three parameters to
compute the¢ Blinn-Phong parameters kg and kg, as shown in Formulae (56) and (57).
kq=1I4B (56)
ks=1sB 4 Igs (57)
where
B is the output of the absolute transform;
lg isthe diffuse scaling factor;
I isthe specular scaling factor;
lgs is afglobal specular component.
The order of the four parametets;in the transform shall be g, Is, Igs, n.
The documeéntation for the Blinn-Phong reflectance model can be found in James F. Blinn, ‘Mod¢ls of
light reflectjon for computer synthesized pictures’. Proc. 4th annual conference on computer graphics
and interactive techniqueés, 1977, pp. 192-198.
The lighting|equation used by the Cook-Torrance reflectance model is as shown in Formulae (58) to|(60):
IP = ) im \kd(,m'N)_l_k_lea,m/ (58)
melights
F D G
where p, =t ——mm__
" (VL (N V)
and:
2(N-H, )(N-V) 2(N-Hm)(N-L
Gm:min{l, V-, ), ( JN-Ly) (59)
(V Hy, ) (V Hp, )
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2
1 _(tanocmj
D,=———¢e " " (60)

where

im  is the average incident light intensity, in normalised digital counts;
Ly, isthe direction vector from the light to the location on the surface;

F, isthe Fresnel term for the material:

N is the normal for the location on the surface;

Ny is the direction vector midway between L and the viewpoint vector V;
|4 is the viewpoint vector;

&  isthe angle between N and H.

F, describes how light is reflected from each smooth microfacet, and\can be obtained fronf the Fresnel
equaftions. The parameters to the Fresnel Equations are index af refraction (n), extinction coefficient
(k), and angle of illumination.

The parameters for the Cook-Torrance model are summarized thus:

kq is the diffuse reflection constant for the material;

ks  isthe specular reflection constant for-the material;

m  isthe rms slope;

1 is the index of refraction;

k  isthe extinction coefficient (or attenuation coefficient) in m-1.
The ¢rder of the parametersnthe transform for the full colour function shall be kg, ks, m, 1, k.

The monochrome function/combines the output of the absolute transform with three parameters to
compute the Cook-Toprance parameters kg and kg, as shown in Formulae (61) and (62):

Kq = 14B (61)

=

s = [sB+dys (62)

The arder of the parameters for the monochrome cinglp lohe Cook-Tarrance function shall be Iy, I, Igs:
m, n, k.

For multi-lobe versions of the function D is defined according to Formula (63):
D=3 w;D(m;) (63)
J
where

m; is the rms slope for the jth lobe;

w;j is the weighting for the lobe.
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The parameters for the full colour two lobed Cook-Torrance function shall be present in the following
Order: kd! ks, mll Wl; mZ; WZ; n, k

The parameters for the monochrome two lobed Cook-Torrance function shall be present in the following
order: lg, I, lgs, m1, w1, m2, wz, n, k.

The parameters for the full colour three lobed Cook-Torrance function shall be present in the following
order: kg, ks, mz, w1, mz, wz, m3z, wz, n, k.

The parameters for the monochrome three lobed Cook-Torrance function shall be present in the
following order: lg, I, Igs, m1, w1, mz, wz, m3, ws, n, k.

Documentation for the Cook-Torrance model can be found in R. Cook and K. Torrance, ‘A reflectance
model for |computer graphics’ http://inst.eecs.berkeley.edu/~cs283/sp13/lectures/cookpaper.pdf.
Computer Graphics (SIGGRAPH '81 Proceedings), Vol. 15, No. 3, July 1981, pp. 301-316.

The lighting equation used by the isotropic Ward reflectance model is as shown in Formulae (64):

Ip= }_, im(kd(Lm'N)+ksps,m) (64)
meljghts
where
- , )7
H, X N H,Y

p. = 1 N-L exp| -2 Oy Oy .
s.m ,/(N-Lm)(N-Rm)4nO‘x0‘y 1+(Hp N '
Rm is the vector of light reflection for lightm;

Xand Y| are orthogonal vectors in the normal plane which specify anisotropic directions.

The paramgters ayx and ay control the shininess in two dimensions. When these parameters arg not
equal the Ward model is anisotropic andiwhen they are equal the model is isotropic.

The paramefters for the full colourWard function shall be present in the following order: kg, ks, ay, .

The monochrome function combines the output of the absolute transform with three parameters to
compute thg Ward parameters kg and ks as shown in Formulae (65) and (66):

kg =14B (65)

ks =I5B 4 lys (66)

The order of the parameters for the monochrome Ward function shall be: Ig, I, Igs, m, n, k.

Documentation for the Ward model can be found in G. Ward, ‘Measuring and Modeling Anisotropic
Reflection.” Computer Graphics, Vol. 26, No. 2, July 1992, pp. 265-272.

The lighting equation used by the Lafortune BRDF model is as shown in Formula (67):

L= im(kd(Lm-N)+pS’m) (67)

melights
where
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nj
Psm= Z I:Cx,i»ux,mvx+Cy,i:uy,mvy+cz,i:uz,mvz:| ;

ielobes

L= [.Ux,m; Hy,m, .Uz,m];

Vx, Vy and vz are the components of the viewing vector Vin the x, y and z dimensions, respectively.

The monochrome function combines the output of the absolute transform with three parameters to
compute the Lafortune parameters kg and Cy,Cy, and Cz, as shown in Formulae (68) to (71):

>~

The |
Kg, C

The |
Kg, I4

The |
Kg, C|

The |
Kd ;Ia

The j
K4, C

The |
Kd: IG
lgs,y,3
Docy

E. Tg
97 C

The
para

=tab

=1 B+1

x,i S,X,i gs,x,i

=1

yi S‘y,,-B+I

gs,yi

B+1

9s,z,i

parameters for the full colour single lobe Lafortune functionshall be present in the follg
) Cy! CZ! n.

parameters for the full colour single lobe Lafortune fungtion shall be present in the follg
IS,XI IS,yI IS,ZI IgS,XI IgS,yl IgS,Z' n.

parameters for the full colour two lobe Lafortune function shall be present in the follg
1, Cy,1, Cz,1, N1, Cx, 2, Cy,2, Cz,2,n 2.

parameters for the full colour two lobeLafortune function shall be present in the follg
) Is,x,l; Is,y,l; Is,z,l; Igs,x,l; Igs,y,l; Igs,z,l: ng IS,X,Z: Is,y,Z: IS,Z,Z: Igs,x,Z: Igs,y,Z; Igs,z,Z: np.

parameters for the full colour threé lobe Lafortune function shall be present in the follg
,1: C_y,ll CZ,]J n,li CX,Z; Cy,ZJ CZ,Z) n,Z; CX,3' Cy,3: CZ,3I n,3'

parameters for the full colour three lobe Lafortune function shall be present in the follg
) Is,x,l: Is,y,l, Is,z,l: Igs,x,]: Igs,y,]: Igs,z,]; ng, IS,X,Z; Is,y,Z; IS,Z,Z; Igs,x,Z; Igs,y,Z' Igs,z,Z' nz, Is,x,3; [s,y,Z
lgs 7 3, N3.

) 19S,Z,5)

mentation forcthe’Lafortune model can be found in Eric P. F. Lafortune, Sing-Choong K
rrance and Donald P. Greenberg, ‘Non-linear approximation of reflectance functions
pnference-Proceedings, Annual Conference Series, pp. 117-126.

valueyin the brdfParamsPerChannel sub-tag shall be greater than or equal to thg
meters needed by the BRDF.

12.2.1.2.3 brdfParamsPerChannelMbr

Tag element signature: 'nprm' (6e70726dh).

Permitted tag element types: ulnt16Number.

Element usage: required.

(68)
(69)
(70)
(71
wing order:
wing order:
wing order:
wing order:

wing order:

wing order:
15,2,3; Igs,x,S’:

00, Kenneth
" SIGGRAPH

number of

The brdfTransformStructure brdfParamsPerChannelMbr element shall contain an integer specifying the
number of parameters that are stored for each output channel. This integer shall match the implied
number of parameters indicated in Table 129.
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Tag element signature: 'xfrm' (7866726dh).

Permitted tag element type: multiProcessElementType.

Element usage: required.

The brdfTransformStructure brdfTransformMbr element shall contain a multiProcessElementType
subtag that provides a transform from device values to BRDF parameters for each output channel. If
the brdfTransformStructure brdfTypeMbr element contains the ‘mono’ signature then the transform
element shall provide only a single set of BRDF parameters representing the reflectance properties of

the materia
in the assoc

12.2.2 cold

12.2.2.1 G
Structure Ty

A colorInfo

. Otherwise the transform element shall provide a set of BRDF parameters for each chgnnel
ated PCS with the brdfTransformStructure tag.

rantinfoStructure

tneral

'pe signature identifier: ‘cinf’ (63696e66h).

btructure is used by the colorantTableTag and colorantOutTableTag to define relg¢vant

information|about the colorants used by the profile. Publically definedélements for sub-tag membégrs of
a colorantInffoStructure are shown in Table 130. Descriptions for each sub-tag member can be foupd in
12.2.2.2.
Table 130 — colorantInfoStructure.element sub-tags
Member Signature Description Sub-tag type Use
cinfNameMUQr 'name’ Name of named-col- |utf8Type Shall be present
(6e616d65h)  |our (see 12.2.2:2.1)
cinfLocalizef- 'lenm’ Localized-hames of |multiLocalizedUnicode- |May be present
NamesMbr (6c636e6dh) |Named.colour (see |Type
12.2.2.22)
cinfPcsDataMbr 'pcs’ PCSvalues associat- |ulnt8Number May be present
(70637320h) ("|ed with colour (see

12.2.2.2.3) ulntl6Number
float16Number
float32Number

cinfSpectralpataMbr |'spee’ Spectral values as- |ulnt8Number May be present when
(73706563h) |[sociated with colour Int16Number non-zero spec-

(see 12.2.2.2.4) u u tralPCS defined jn
float16Number profile header
float32Number
sparseMatrixArrayType

12.2.2.2 colorantInfoStructure sub-tag member elements

12.2.2.2.1 cinfNameMbr

Tag element signature: 'name' (6e616d65h).

Permitted tag element types: utf8Type.

Element usage: required.

The colorantInfoStructure cinfNameMbr element contains the unique name of the colour to associate
with the structure data.

138
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.2.2.2 cinfLocalizedNameMbr

Tag element signature: 'lcnm' (6¢c636e6dh).

Permitted tag element types: multiLocalizedUnicodeType.

Element usage: optional.

The colorantInfoStructure cinfLocalizedNameMbr element contains the localized versions of the name of
the colour to associate with the structure data that can be used to display the name for various locales.

12.2

Tag dlement signature: 'pcs ' (70637320h).

2.2.3 cinfPcsDataMbr

Pernjitted tag element types: ulnt8Number, ulnt16Number, float16Number, or flgat3ZNumber.

Elem

The
asso
pcsD
entry
the 1
stan

12.2
Tag ¢

Pern
spar

Elem

The
to a
spar

the number of entries in thejcinfSpectralDataMbr element tag shall be the same as the numb

impl
12.2

12.2

Stru

ent usage: required if PCS values defined in profile header.

colorantInfoStructure cinfPcsDataMbr element shall contain a set ©f) colorimetric P
riate with the colorantInfoStructure. The number of entries and~éncoding of the v
ata element tag shall agree with the number of entries and enceding implied by the pd
F in the profile header. If either the pcsColorSpace is zero or the profile is a DeviceLink
umber of entries shall be three and the encoding shall-be’assumed to be PCSLAB f{
lard observer under D50 illumination.

2.2.4 cinfSpectralDataMbr
lement signature: 'spec' (73706563h).

itted tag element types: ulnt8Number; ulntl6Number, floatl6Number, float32
beMatrixArrayType.

ent usage: required if spectralPGS\walue is defined in profile header.

colorantInfoStructure cinfSpectralDataMbr element shall contain a set of spec
bsociate with the coloramtinfoStructure. If the spectralPCS entry in the profile
teMatrixReflectanceData colour space then the element type shall be a sparseMatrix

ed by the spectralPCS entry in the profile header.
3 colorEncodingParamsStructure

3.1 General

US values to
alues in the
sColorSpace
profile then
or the 1931

Number or

tral values
header is a
Otherwise,
er of entries

ture Type signature identifier: ‘cept’ (63657074h).

A colorEncodingParametersStructure is used by the colorEncodingParametersTag to define encoding
parameters for the three component colour space. Publically defined element sub-tag members of a
colorEncodingParametersStructure are shown in Table 131. Descriptions for each sub-tag member can

be fo
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Table 131 — colorEncodingParamsStructure element sub-tags

Id Signature Description Sub-tag type
ceptBluePrimaryXYZMbr 'bXYZ' nCIEXYZ values of blue colour |float32Number
(6258595ah) |space encoding primary array
ceptGreenPrimaryXYZMbr 'gXYZ' nCIEXYZ values of green colour |float32Number
(6758595ah) |space encoding primary array
ceptRedPrimaryXYZMbr 'TXYZ' nCIEXYZ values of red colour float32Number
(7258595ah) |space encoding primary array
ceptTransferFunctionMbr ‘func’ colour component transfer segmentedCurve-
(667560630 function Tuna
[ oo 7 halahdihde ~JP
ceptLumaCh|romaMatriber 'Imat’ matrix that converts RGB values |float32Nuntbdr
(6c6d6174h)  |to luma-chroma values array
ceptWhitePqintLuminanceMbr 'wlum' colour space white point lumi- |floatB2Numbdr
(776c756dh) |nance in cd/m?2
ceptWhitePqintChromaticityMbr 'WXYZ' colour space white point chro- loat32Numbdr
(7758595ah) |maticity array
ceptEncodingRangeMbr 'eRng' Describes the range of thé-en- |float32Numbdr
(65526e67h) |coding data array
ceptBitDepthMbr 'bits' bit depths for encoding ulnt8Number
(62697473h) array
ceptlmageStpteMbr 'imst’ image state associated with the |signature
(696d7374h) |encoding
ceptlmageBgckgroundMbr 'ibkg' reference’viewing environment |float32Numbdr
(69626b67h) |imagé&background (proximal
field) in cd/m?2
ceptViewingSurroundMbr 'srnd’ reference viewing environment |float32Numbdgr
(73726e64h) |viewing surround in cd/m?2
ceptAmbientllluminanceMbr ‘ailm’ reference viewing environment |float32Numbdr
(61696¢6dh) |ambient illuminance in lux
ceptAmbien{WhitePointLuminanceMbr |'awlnr' reference viewing environment |float32Numbdr
(61776c6dh) |adapted white point luminance
in cd/m?2
ceptAmbientfWhitePointChromaticityMbr | 'awpc' reference medium white point |float32Numbdr
(61777063h) |chromaticity array
ceptViewingFlareMbr ‘flar’ Viewing Flare as percent of float32Numbdr
(666c6172h) |white point luminance (exclud-
ing viewing flare and veiling
flare
ceptValidRelfativeLuntifanceRangeMbr  |‘Irng’ Describes the valid relative float32Numbdr
(6c726e67h) |luminance range array
ceptMedium|WhitePointLuminanceMbr ‘mwpl' reference medium white point |float32Numbdr
(6d77706ch) [fuminance in cd/m2
ceptMediumWhitePointChromaticityMbr | ' mwpc' reference medium adapted float32Number
(6d777063h) |white point chromaticity array
ceptMediumBlackPointLuminanceMbr 'mbpl' reference medium black point |float32Number
(6d62706ch)  |luminance in cd/m?2
ceptMediumBlackPointChromaticityMbr |'mbpc’ reference medium black point |float32Number
(6d627063h) |chromaticity array

12.2.3.2 colorEncodingParamsStructure sub-tag member elements

12.2.3.2.1 ceptBluePrimaryXYZMbr

Tag Element Signature: 'bXYZ' (6258595ah).
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Permitted tag type: float32Number array.
Element usage: optional.

The colorEncodingParamsStructure ceptBluePrimaryXYZMbr element represents the nCIEXYZ values of
blue colour space encoding primary encoded using either 2 or 3 numbers. The first value represents the
x chromaticity. The second value represents the y chromaticity. The third value (if present) represents
the z chromaticity. If only two numbers are present the z chromaticity is assumed to be the value of one
minus the sum of the two numbers. If three values are present the sum of the three values shall be 1,0.

12.2.3.2.2 ceptGreenPrimaryXYZMbr

Tag Element Signature: 'gXYZ' (6758595ah)
Pernjitted tag type: float32Number array

The ¢olorEncodingParamsStructure ceptGreenPrimaryXYZMbr element represénts the nCIEXYZ values
of grieen colour space encoding primary encoded using either two or three‘numbers. The first value
repr¢sents the x chromaticity. The second value represents the y chromaticity. The third value (if
pres¢nt) represents the z chromaticity. If only two numbers are presentthe z chromaticity is assumed
to bg the value of one minus the sum of the two numbers. If three ¥alues are present th¢ sum of the
thre¢ values shall be 1,0.

12.2}3.2.3 ceptRedPrimaryXYZMbr
Tag Element Signature: 'rXYZ' (7258595ah).
Pernjitted tag types: float32Number array.

The folorEncodingParamsStructure ceptRedPriniaryXYZMbr element represents the nCIEXYZ values
of blpe colour space encoding primary encoded using either two or three numbers. The first value
represents the x chromaticity. The second value represents the y chromaticity. The third value (if
pres¢nt) represents the z chromaticitywIf’only two numbers are present the z chromaticity is assumed
to bg the value of one minus the sum_obf the two numbers. If three values are present th¢ sum of the
thre¢ values shall be 1,0.

12.2{3.2.4 ceptTransferFunctionMbr
Tag Element Signature: “func’ (66756e63h).
Pernjitted tag typetsegmentedCurveType.

The ¢olorEncedingParamsStructure ceptTransferFunctionMbr element describes the colout component
transfer function.

12.2|3:2.5 ceptLumaChromaMatrixMbr

Tag Element Signature: 'Imat' (6c6d6174h).
Permitted tag type: float32Number array.

The colorEncodingParamsStructure ceptLumaChromaMatrixMbr element contains nine float32Number
values that define a matrix that converts RGB values to lumina-chroma values.

12.2.3.2.6 ceptWhitePointLuminanceMbr
Tag Element Signature: 'wlum' (776c756dh).

Permitted tag type: float32Number.
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The colorEncodingParamsStructure ceptWhitePointLuminanceMbr element describes the white point
luminance in cd/m?2.

12.2.3.2.7 ceptWhitePointChromaticityMbr

Tag Element Signature: 'wXYZ' (7758595ah).

Permitted tag type: float32Number array.

The colorEncodingParamsStructure ceptWhitePointChromaticityMbr element value describes the
white point chromaticity encoded using either two or three numbers. The first value represents the x
chromaticity: fct i i

the z chrom
minus the s

12.2.3.2.8
Tag Element
Permitted t§

The colorE
numbers de
value and tH

12.2.3.2.9
Tag Element
Permitted t

The colorEx
encoding. A

12.2.3.2.10
Tag Element
Permitted t§

The colorEn
with the e
colorimetriq

ticity. If only two numbers are present the z chromaticity is assumed to be the value
m of the two numbers. If three values are present the sum of the three values shall be

reptEncodingRangeMbr
Signature: 'eRng' (65526e67h).
g types: float32Number array.

hcodingParamsStructure ceptEncodingRangeMbr element /contains two floating
scribing the range of the encoding data where the first number defines the minimum
e second number defines the maximum range value.

ceptBitDepthMbr
Signature: 'bits' (62697473h).
g types: ulnt8Number array.

jcodingParamsStructure ceptBitDepthMbr element contains one or more bit depth
value of zero indicates floating point’support.

ceptimageStateMbr
Signature: 'imst' (696d7374h).
g types: signatureType.

codingParamsStructure ceptimageStateMbr element describes the image state assoc
hcoding. Thesignature values shall be any of the valid signatures defined foj
IntentlmageStateTag defined in 9.2.54 with the addition of signatures defined in Table

Table 132 — imageStateData element signatures

boint
ange

s for

jated
the
132.

Inragestate Sigmature Hexidecinmatencoding

Display output referred colorimetry

‘dorc’ 646f7263h

12.2.3.2.11

ceptimageBackgroundMbr

Tag Element Signature: 'ibkg' (69626b67h).

Permitted tag types: float32Number.

The colorEncodingParamsStructure ceptimageBackgroundMbr element describes the image background

(proximal fi

142

eld) in cd/m?2 of the reference viewing environment.
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12.2.3.2.12  ceptViewingSurroundMbr
Tag Element Signature: 'srnd' (73726e64h).
Permitted tag types: float32Number.

The colorEncodingParamsStructure ceptViewingSurroundMbr element describes the viewing surround
in cd/m?2 of the reference viewing environment.

12.2.3.2.13 ceptAmbientllluminanceMbr

Tag ElementSignature'ailm' {61696c6dh)-

Pernjitted tag types: float32Number.

The | colorEncodingParamsStructure ceptAmbientllluminanceMbr element describes the ambient
illuninance in lux of the reference viewing environment.

12.2({3.2.14 ceptAmbientWhitePointLuminanceMbr
Tag Element Signature: 'awlm' (61776c6dh).
Pernjitted tag types: float32Number.

The | colorEncodingParamsStructure ceptAmbientWhitePointLuminanceMbr element defcribes the
adapfted white point luminance in cd/m? of the referencewiewing environment.

12.2{3.2.15 ceptAmbientWhitePointChromaticityMbr
Tag Element Signature: 'awpc' (61777063h).
Pernjitted tag types: float32Number array.

The |colorEncodingParamsStructure~ceptAmbientWhitePointChromaticityMbr element dgscribes the
whitge point chromaticity of the referénce medium, encoded using either two or three nimbers. The
first|value represents the x chromaticity. The second value represents the y chromaticitly. The third
valug (if present) represents the z chromaticity. If only two numbers are present the z chijomaticity is
assumed to be the value of oné minus the sum of the two numbers. If three values are pregent the sum
of the three values shall.be 1,0.

12.2(3.2.16 ceptMediumWhitePointLuminanceMbr
Tag Element Signature: 'mwpl' (6d77706ch).

Pernjitted:tag types: float32Number.

The ¢olorEncodingParamsStructure ceptMediumWhitePointLuminanceMbr element describgs the white
point luminance in cd/m? of the reference medium.

12.2.3.2.17 ceptMediumWhitePointChromaticityMbr
Tag Element Signature: 'mwpc' (6d777063h).
Permitted tag types: float32Number array.

The colorEncodingParamsStructure ceptMediumWhitePointChromaticityMbr element describes the
adapted white point chromaticity of the reference medium, encoded using either two or three numbers.
The first value represents the x chromaticity. The second value represents the y chromaticity. The third
value (if present) represents the z chromaticity. If only two numbers are present the z chromaticity is
assumed to be the value of one minus the sum of the two numbers. If three values are present the sum
of the three values shall be 1,0.

© IS0 2019 - All rights reserved 143


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

ISO 20677

12.2.3.2.18

:2019(E)

ceptMediumBlackPointLuminanceMbr

Tag Element Signature: 'mbpl' (6d62706ch).

Permitted tag types: float32Number.

The colorEncodingParamsStructure ceptMediumBlackPointLuminanceMbr element describes the
reference medium'’s black point luminance in cd/m2.

12.2.3.2.19 ceptMediumBlackPointChromaticityMbr
Tag Element-Signature—mbpe{6d627063h)-
Permitted tag types: float32Number array.
The colorEncodingParamsStructure ceptMediumBlackPointChromaticityMbr element ,describey the
black point ¢hromaticity of the reference medium, encoded using either two or three numbers. The first
value repregents the x chromaticity. The second value represents the y chromaticity The third valpe (if
present) regresents the z chromaticity. If only two numbers are present the z chromaticity is assyumed
to be the value of one minus the sum of the two numbers. If three values arepresent the sum df the
three valueg shall be 1,0.
12.2.4 megsurementinfoStructure
12.2.4.1 Ge¢neral
Structure Type Identifier: 'meas' (6d656173h).
The measyrementinfoStructure is used by the . measurementinfoTag (see 9.2.86) and| the
measurementinputinfoTag (see 9.2.87) which definelaspects of the measurement data in the PCS
and input gide of abstract profiles, respectivelyxRublically defined element sub-tag members| of a
measuremehtInfoStructure are shown in Table I33. Descriptions for each sub-tag member can be fpund
in12.2.4.2.
Table 133 — measurementInfoStructure element tags
Id Signature Description Sub-tag type Use
measBackingMbr ‘mbak® Measurement backing (see |ulnt32Number May be pres-
(6d62616bh)  |12.2.4.2.1) ent
measFlareMpr ‘mflr’ Measurement flare (see float32Number May be pres-
(6d666¢72h)  [12.2.4.2.2) ent
measGeomefryMbr ‘mgeo’ Measurement geometry  |ulnt32Number May be pres-
(6d67656fh) | (ee12.24.2.3) ent
measllluminantMbr ‘mill’ Measurement illuminant |array of float16Num- |May be pres-
(6AdaQaciob) n ol s ovazas Aol o nt
LU\AUJU\-U\,IA} QIIJ\'\’LL ar PUVV\,I UlotlTou LA ¥ CIIT
tion (SPD) (see 12.2.4.2.4) array of float32Num-
ber
measllluminantRangeMbr |‘miwr’ Spectral range of measure- |spectralRange May be pres-
(6d697772h) |ment illuminant spectral ent
power distribution (SPD)
functionally based spec-
tral BRDF (see 12.2.4.2.5)
measModeMbr ‘mmod’ Measurement mode (see |ulnt32Number May be pres-
(6d6de6fe4h)  [12.2.4.2.6) ent
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12.2.4.2 measurementinfoStructure sub-tag member elements

12.2.4.2.1 measBackingMbr

Tags

ignature: ‘mbak’ (6d62616bh).

Permitted tag types: ulnt32Number.

The measurementInfoStructure measBackingMbr element defines the backing used for reflectance-
based measurements. If the element is not present the backing shall be assumed to be white. The
encoding for the measurement backing is shown in Table 134.

12.2
Tag g
Pern

The
meas
the ny

12.2
Tag 3
Pern

The
meag

for the measurement geometry is shown in Table 135.

Table 134 — measBackingMbr encoding

Geometry Hexidecimal encoding
Undefined 00000000h
White backing 00000001h
Black backing 00000002h
Media (self) backing 00000003h

4.2.2 measFlareMbr
ignature: ‘mflr’ (6d666c72h).
itted tag types: float32Number.

measurementInfoStructure measFlareMbr element defines the level of flare involve
urement. If the element is not present, the fldre shall be assumed to be zero. The encoq
neasureFlare member variable shall rangefrom 0,0 to 1,0.

4.2.3 measGeometryMbr
ignature: ‘mgeo’ (6d67656fh).
itted tag types: ulnt32Number.

measurementInfoStrugture measGeometryMbr element defines the geometry used
urement. If the element is not present the geometry shall be assumed to be 0°:45°. T|

Table 135 — measGeometryMbr encoding

1 to make a
ed value for

to make a
he encoding

Geometry Hexidecimal encoding
Unknown 00000000h
0°5°0r 4570 00000001h
0°:d or d:0° 00000002h

12.2.4.2.4 measllluminantMbr

Tag signature: ‘mill’ (6d696c6ch).

Permitted tag types: ulnt32Number.

The measurementInfoStructure measllluminantMbr element defines the actual spectral power
distribution (SPD) of the illuminant used to make measurements. It contains an array of values that
defines the spectral output for each of the wavelengths defined by the measurellluminantRange sub-
tag. The measurellluminant element shall contain the same number of elements as are defined by the
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steps value of the measurellluminantRange sub-tag. If the element is not present the exact SPD of the
measurementilluminant shall be assumed to be unknown.

12.2.4.2.5 measllluminantRangeMbr

Tag signature: ‘miwr’ (6d697772h).

Permitted tag types: spectralRange.

The measurementinfoStructure measllluminantRangeMbr element defines the starting wavelength,

ending wav
illuminant
measurelllu
of waveleng
measurelll

12.2.4.2.6
Tag signatul
Permitted t

The measur
a measuren]

shall be assyimed to be M1. The encoding for the measurement geometry is shown in Table 136.

12.2.5 namedColorStructure

12.2.5.1 G
Structure Ty

The named(
(see 13.2.1)

elen

inantRange tag shall be present when a measurellluminant sub-tag is present. The)
h steps in the measurellluminantRange shall be the same as the number of elements i
inant sub-tag.

measModeMbr
fe: ‘mmod’ (6d6d6f64h).
hg types: ulnt32Number.

ementInfoStructure measModeMbr element defines the measurement mode used to
ent (as defined by ISO 13655-2009). If the element is not present the measurement

Table 136 — measModeMbr.Encoding

Measurement Mode Hexidecimal encoding
Undefined 00000000h
MO - Default (tungsten) 00000001h
M1 - D50 00000002h
M2 - UV-Cut 00000003h
M3 - Polarizing filter 00000004h

tneral
rpe Identifier: 'nmcl' (6e6d636ch).

olorStructure is used by the namedColorTag (see 9.2.99), which contains a namedColor4
défined as a tagArrayType with a single tintZeroStructure followed by addit

gth and number of steps for the actual spectral power distribution (SPD) of

h

the
The
ralue
n the

ake
ode

\rray
ional

namedColor

Structure elements. Publically defined element sub-tag members of a namedColorStru

rture

are shown in Table 137. Descriptions for each sub-tag member can be found in 12.2.5.2.
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Table 137 — namedColorStructure element sub-tags

sparseMatrixArrayType

Id Signature Description Sub-tag type Use
nmclBrdfColorimet- ‘beol’ Functionally based |multiProcessElementType |May be present
ricMbr (62636f6ch) colorimetric BRDF

(see 12.2.5.2.1)
nmclBrdfColorimet- ‘bepr’ Colorimetric tagStructType of type brdf- |May be present
ricParamsMbr (62637072h) |parametric BRDF TransformStructure
specification (see
12.2.5.2.2)
nmclBrdfSpectralMbr |‘bspc’ Functionally based [multiProcessElementType |[May be present
(62737063h)  |spectral BRDF (see
12.2.5.2.3)
nmclBrdfSpectralPar- |‘bspr’ Spectral parametric |tagStructType of type brdf-| ;{May| be present
amsMbr (62737072h)  |BRDF specification |TransformStructure
(see 12.2.5.2.4)
nmclDeviceDataMbr 'dev’ Device values used to |ulnt8Number May| be present
(64657620h)  |reproduce colour (see
12.2.5.2.7) ulntl6Number
float16Number
float32Number
nmclLocalized- 'lenm’ Localized names of |multiLocalizedUnicodeType |May|be present
NamesMbr (6c636e6dh) |named colour (see
12.2.5.2.6)
nmc]NameMbr 'name’ Name of named coly |utf8Type May| be present
(6e616d65h)  |our (see 12.2.5%45)
nmclNormalMapMbr  |‘nmap’ Surface norinal map |embeddedNormallmageType |May| be present
(6€6d6170h)  |(see 12.2.5:2.8)
nmc]PcsDataMbr 'pes’ PCS valdes associat- |[ulnt8Number Shall be present
(70637320h) |ed‘with colour (see if P(S field is
ulnt16Number .
12:2.5.2.9) nontzero in pro-
float16Number file header
float32Number
nmclSpectralDataMbr |'spec; Spectral values as- ulnt8Number Shall be present
(73706563h) |sociated with colour ulnt16Number if sgectralPCS
(see 12.2.5.2.10) field is non-zero
float16Number in profile header
float32Number
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Table 137 (continued)

Id Signature Description Sub-tag type Use
nmclSpectralOver- 'spcb’ Spectral values ulnt8Number May be present
BlackDataMbr (73706362h) |associated with - if present

: ulnt16Number
colour overprinted spectralPCS
on black medium (see |float16Number field shall be
12.2.5.2.11) float32Number 2?:;;2&? pro-
sparseMatrixArrayType
nmclSpectral- 'spcg’ Spectral values ulnt8Number May be present
OverGrayDagaibr 72700656711 aSSUCTatet witiT uIntl6Number =11 pTESEIt
colour overprinted spectralPCH
on gray medium (see |float16Number field shall bg
12.2.5.2.12) float32Number Ei)enilzezré)elrn pro-
sparseMatrixArrayType
nmclTintValpesMbr "tint' Tint values of ulnt8Number May be predent
(74696€74h)  |named colour (see
12.2.5.2.13) ulnt16Number
float32Number
12.2.5.2 ngmedColorStructure sub-tag member elements
12.2.5.2.1 pmclBrdfColorimetricMbr
Tag signatuye: ‘bcol’ (62636f6¢ch).
Permitted tfg types: multiProcessElementType.
The named(olorStructure nmclBrdfColorimetricMbi:element defines a transform in relation to viewing
and lighting angles. Specifically, it describes thetcolour transform from viewing angle, lighting angle
and tint to the colorimetric-based PCS specified by the PCS field in the profile header.
The number of input channels to the multiProcessElementsType-based tag shall be five. The order and
encoding off the BRDF and device channels provided to the multiProcessElementType are shown in
Table 138.
Table 138 — BRDF device channel encoding
Inppt channel . o . .
. Channel identification Encoding type
index
0 Viewing azimuth angle ®r azimuthNumber
1 Viewing zenith angle Or zenithNumber
2 Lighting azimuth angle @i azimuthNumber
3 Lighting zenith angle 6i zenithNumber
4 Tint

The domain of Tint values input to this multiProcessElementType based tag shall include the tint value
of zero. There shall therefore be no reference or use of a tnt0OBrdfColorimetricMbr subtag [i.e a sub-tag
with a tag signature of ‘bcol’ (62636f6ch)] in the tintZeroStructure.

The output channels are defined by the encoding implied by the PCS field in the profile header.

12.2.5.2.2 nmclColorimetricParametersMbr

Tag signature: ‘bepr’ (62637072h).

Permitted tag types: tagStructType of type brdfTransformStructure.

148

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

IS0 20677:2019(E)

The namedColorStructure nmclColorimetricParametersMbr element defines colorimetric BRDF
parameters. Specifically, it specifies a transform from tint to colorimetric BRDF parameters. See 12.2.1
for a description of the brdfTransformStructure. A monochrome brdfTransformStructure shall use the
nmclPcsDataMbr sub-tag as the source of PCS colour. A monochrome brdfTransformStructure shall not
be encoded in the profile if the nmclPcsDataMbr sub-tag is not present.

12.2.

5.2.3 nmclBrdfSpectralMbr

Tag signature: ‘bspc’ (62737063h).

Permitted tag types: multiProcessElementType.

The 1
light
tint {

The §
enco
Tabld

The
of ze
a tag

The

12.2
Tag g

Pern

The namedColorStructure nmclBrdfSpectralMbr element defines spectral BRDF parameters.

it sp
brdf]
nmcl
not b

12.2
Tag
Pernf

Elem

namedColorStructure nmclBrdfSpectralMbr element defines a transform in relation to
ng angles. Specifically, it describes the colour transform from viewing angle, lightin
o the spectrally-based PCS specified by the spectralPCS field in the profile header.

humber of input channels to the multiProcessElementsType-based tag shalbbe five. T}
ding of the BRDF and device channels provided to the multiProcessElementType a
138.

lomain of Tint values input to this multiProcessElementType bdsed tag shall include t
Fo. There shall therefore be no reference or use of a tnt0OBrdfSpeetralMbr sub-tag (i.e a {
signature of ‘bcpr’ (62637072h)) in the tintZeroStructure

putput channels are defined by the encoding implied bythe spectralPCS field in the prq

5.2.4 nmclBrdfSpectralParamsMbr
ignature: ‘bspr’ (62737072h).

itted tag types: tagStructType of type brdfTransformStructure.

pcifies a transform from tint t¢ spectral BRDF parameters. See 12.2.1 for a descri
[ransformStructure. A monochrome brdfTransformStructure shall use the namedCo
SpectralDataMbr sub-tag asithe source of PCS colour. A monochrome brdfTransformSty
e encoded in the profile-ifithe namedColorStructure nmclSpectralDataMbr sub-tag is n

5.2.5 nmclNameMbr
lement signattire: 'name' (6e616d65h).
litted tagrelement types: utf8Type.

ent usage: required.

The

viewing and
o angle, and

1e order and
re shown in

he tint value
ub-tag with

file header.

Specifically,
ption of the
orStructure
ucture shall
pt present.

hamedColorStructure nmclNameMbr element contains the unigue name of the colour

to associate

with

12.2.

the structure data.

5.2.6 nmclLocalizedNameMbr

Tag element signature: 'lcnm’' (6¢636e6dh).

Permitted tag element types: multiLocalizedUnicodeType.

Element usage: optional.

The namedColorStructure nmclLocalizedNameMbr element contains the localized versions of the name
of the colour to associate with the structure data that can be used to display the name for various
locales.
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12.2.5.2.7 nmclDeviceDataMbr

Tag element signature: 'dev ' (64657620h).

Permitted tag element types: ulnt8Number or ulnt16Number, float16Numbmer, or float32Number.
Element usage: optional.

The namedColorStructure nmclDeviceDataMbr element shall contain a tint array of device values for
each non-zero tint used to produce the named colour. The number of entries in the deviceData element
tag shall agree with the number of entries implied by the dataColorSpace entry in the profile header

multiplied b
member is
each nmclDé
Intermediat
deviceData

the number of tints being defined. If no namedColorStructure nmclTintValuesMbr element

e device tint values can be determined using linear interpolation. The value fo
vero tint is defined in the associated tintZeroStructure of first element ofithe’ conta

tagArrayType. Linear interpolation is assumed between the zero tint (defined in the tintZeroStru

tntODeviceD)
nmclrDevicq

12.2.5.2.8
Tag element]

Permitted t

ataMbr sub-tag in 12.2.7.2.1) and the first tint vector in the namedColorStru
DataMbr sub-tag.

hmclNormalMapMbr
signature: 'nmap ' (6e6d6170h).

g element type: embeddedNormallmageType.

Element usgge: optional.

The named
associated

12.2.5.2.9
Tag element]

Permitted t

ColorStructure nmcINormalMapMbr element. provides a normal map image that cg
yith the named colour.

hmclPcsDataMbr
signature: 'pcs ' (70637320h).

g element types: ulnt8Number, ulnt16Number, float16Number, or float32Number.

Element us

ge: required if PCS values'defined in profile header.

present then tints are assumed to be equally spaced. Otherwise, tint spacing valugs for

ik e S

viceDataMbr vector are provided in the namedColorStructure nmclTintValuesMbr el€ément.

" the
ning
‘ture
rture

n be

The named(olorStructure nmelPcsDataMbr element shall contain a tint array of pcsData valugs for
each non-zefo tint used to produce the named colour. The number of entries in the pcsData element tag
shall agree fvith the number of entries implied by the PCS entry in the profile header multiplied bfy the
number of tints being defined. If no namedColorStructure nmclrTintValuesMbr element is present|then
tints are asqumed te'be equally spaced. Otherwise, tint spacing values for each nmclPcsDataMbr vector
are providefl in the.namedColorStructure nmclrTintValuesMbr (See 12.2.5.2.13) element. Intermefdiate
pcsData ting vdlues can be determined using linear interpolation. The value for the pcsData zer¢ tint
is defined in the associated tintZeroStructure of the containing tagArrayType. Linear interpolation is
assumed between the zero tint (defined in the tintZeroStructure tntOPcsDataMbr sub-tag in 12.2.7.2.2)
and the first tint vector in the namedColorStructure nmclPcsDataMbr sub-tag.

12.2.5.2.10 nmclSpectralDataMbr
Tag element signature: 'spec’ (73706563h).

Permitted tag element types: ulnt8Number, ulntl6Number, floatl6Number, float32Number, or
sparseMatrixArrayType.

Element usage: required if spectralPCS value is non-zero in profile header.

The namedColorStructure nmclSpectralDataMbr element shall contain a tint array of spectralData values
for each non-zero tint used to produce the named colour. If the spectralPCS entry in the profile header
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is a sparseMatrixReflectanceData colour space then the element type shall be sparseMatrixArrayType
array. Otherwise, the number of entries in the spectralData element tag shall be the same as the number
of entries implied by the spectralPCS entry in the profile header multiplied by the number of tints being
defined. If no namedColorStructure nmclTintValuesMbr element member is present then tints shall be
assumed to be equally spaced. Otherwise, tint spacing values for each nmclSpectralDataMbr vector shall
be provided in the namedColorStructure nmclTintValuesMbr (See 12.2.5.2.13) element. Intermediate
spectralData tint values can be determined using linear interpolation. The value for the spectralData zero
tint is defined in the associated tintZeroStructure of the containing tagArrayType. Linear interpolation
is assumed between the zero tint (defined in the tintZeroStructure tntOSpectralDataMbr sub-tag in
12.2.7.2.3) and the first tint vector in the namedColorStructure nmclSpectralDataMbr sub-tag.

12.2}5.2.11 nmclSpectralOverBlackDataMbr
Tag dlement signature: 'spcb’ (73706362h).

Pernjitted tag element types: ulnt8Number, ulntl6Number, floatl6Number, float32Number, or
sparseMatrixArrayType.

Element usage: option - when used, spectralPCS value shall be non-zero-in_profile header.

The [namedColorStructure nmclSpectralOverBlackDataMbr element. shall contain a tipt array of
spectralOverBlackData values for each non-zero tint used to produce the named colour pver a black
medjum. If the spectralPCS entry in the profile header is a sparseMatrixReflectanceData ¢olour space
then|the element type shall be sparseMatrixArrayType array. Otherwise, the number ¢f entries in
the pmclSpectralOverBlackDataMbr element tag shall be.the same as the number of entfies implied
by the spectralPCS entry in the profile header multiplied by the number of tints being defined. If no
nam¢dColorStructure nmclTintValuesMbr element mieémber is present, then tints are asgumed to be
equallly spaced. Otherwise, tint spacing values for each nmciSpectralOverBlackDataMbr vector are
provided in the namedColorStructure nmclrTintValusMbr (see 12.2.5.2.13) element. Ihtermediate
spectralOverBlackData tint values can be determined using linear interpolation. The vplue for the
spectralOverBlackData zero tint is defined’in the associated tintZeroStructure of thg containing
tagAfrrayType. Linear interpolation is assumed between the zero tint (defined in the tintZdroStructure
tnt0$pectralOverBlackDataMbr sub-tagin 12.2.7.2.4) and the first tint vector in the namedColorStructure
nmclSpectralOverBlackDataMbr Sub-tag.

12.2}5.2.12 nmclSpectralOverGrayDataMbr
Tag dlement signature: ispeg' (73706367h).

Pernjitted tag element types: ulnt8Number, ulntl6Number, floatl6Number, float32Number, or
sparseMatrixArrayType.

Element usage:/option - when used, spectralPCS value shall be non-zero in profile header.

The |namedColorStructure nmclSpectralOverGrayDataMbr element shall contain a tint array of
spectralOverGrayData values for each non-zero tint used to produce the named colour |over a gray
medium. If the spectralPCS entry in the profile header is a sparseMatrixReflectanceData colour space
then the element type shall be sparseMatrixArrayType array. Otherwise, the number of entries in
the nmclSpectralOverGrayDataMbr element tag shall be the same as the number of entries implied
by the spectralPCS entry in the profile header multiplied by the number of tints being defined. If no
namedColorStructure nmclTintValuesMbr element is present, then tints are assumed to be equally
spaced. Otherwise, tint spacing values for each spectralOverBlackData vector are provided in the
namedColorStructure nmclTintValuesMbr (see 12.2.5.2.13) element. Intermediate spectralOverGrayData
tint values can be determined using linear interpolation. The value for the spectralOverGrayData zero
tint is defined in the associated tintZeroStructure of the containing tagArrayType. Linear interpolation
is assumed between the zero tint (defined in the tintZeroStructure tnt0SpectralOverGrayDataMbr sub-
tag in 12.2.7.2.5) and the first tint vector in the namedColorStructure nmciSpectralOverGrayDataMbr
sub-tag.
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12.2,5.2.13

Tag element

nmclTintValuesMbr

signature: 'tint' (74696e74h).

Permitted tag element types: ulnt8Number or ulnt16Number or float32Number.

Element usa

ge: optional.

The namedColorStructure nmclTintValuesMbr element can contain an array of tint values for each tint
defined for a named colour. Each element in the array defines the associated tint value for each position
in the vector arrays of sub-tag elements in a namedColorStructure.

The numbe
nmclDevicell
nmclSpectra
tags (if they
colour then|
nmclSpectra

The nmclTin
the first no

r of values this array shall correspond to the number of vector entries An

the

ataMbr (12.2.5.2.7), nmclPcsDataMbr (12.2.5.2.9), nmclSpectralDataMbr (12.2.5.2.10)

[OverBlackDataMbr (12.2.5.2.11), or nmclSpectralOverGrayDataMbr (12.2.5212)

sub-

exist). If the namedColorStructure nmclTintValuesMbr element is not present for a ngmed
equal spacing of tint values is assumed for the nmclDeviceDataMbr, mmclPcsDatqMbr,

[DataMbr, nmclSpectralOverBlackDataMbr, and nmclSpectralOverGrayDataMbr sub-tagg.

tValuesMbr array shall be a monotonically increasing array that represents tint valugs

for

h-zero tint through a maximum amount of the named colour. The“named colour tinf can

ranging fro

than 0,0 to 1,0 for floatl6Number and float32Number encoding. The zefg tint value shall be defin|
the associated tintZeroStructure of the containing tagArrayType.

12.2.6 profileInfoStructure

12.2.6.1 Ge¢neral
Structure Type Identifier: 'pinf' (70696e66h).

1 to 255 for ulnt8Number encoding, 1 to 65 535 for ulntl6Number encoding or greater

ked in

The profile[nfoStructure is used by the profileSequencelnfoTag (see 9.2.102) which contains a

tagArrayTy
array conta
of the profi
element is o
defined eler
each sub-tag

e of profilelnfoStructure elements-as a profilelnfoArray (see 13.2.2). Each entry ip
e sequence from source to destination, typically used with the DeviceLink profile.

hent sub-tag members ©f)a profileInfoStructure are shown in Table 139. Descriptions
y member can be fourdyin 12.2.6.2.

Table/139 — profileInfoStructure element sub-tags

the

ns information about a profile used in a sequence of profiles. This provides a description
Each
ptional and each has an assumed value defined for each sub-tag if not present. Publi¢ally-

for

Id Signature Description Sub-tag type Use
pinfAttributpsMbr 'attr' Device attributes |[ulnt64Number May be
(61747472h) (see 12.2.6.2.1) present
pinfProfileDescMbr 'pdsc’ Profile de- multiLocalizedUnicodeType May be
f7nﬁ4_7'2£'~2h\ crrihtinn (cop present
L J I 34 S 1 34
12.2.6.2.2)
pinfProfileIDMbr 'pid’ Profile ID (see ulnt8Number array May be
(70696420h) 12.2.6.2.3) present
pinfManufacturerDescMbr |'dmnd’ Device manufac- |multiLocalizedUnicodeType May be
(646d6e64h) turer description present
(see 12.2.6.2.4)
pinfManufacturerSigMbr 'dmns ' Device manufac- |signatureType May be
(646d6e73h) turer signature present
(see12.2.6.2.5)
pinfModelDescMbr '‘dmdd ' Device model multiLocalizedUnicodeType May be
(646d6464h) description (see present
12.2.6.2.6)
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Id Signature Description Sub-tag type Use
pinfModelSigMbr 'mod ' Device model signatureType May be
(6d6f6420h) signature (see present

12.2.6.2.7)
pinfRenderTransformMbr  |‘rtrn’ Rendering intent |ulnt32Number May be
(7274726¢€h) transform ID (see present

12.2.6.2.8)
pinfTechnologyMbr 'tech’ Device technology |signatureType May be
(74656368h) (see 12.2.6.2.9) present

12.2

12.2
Tag ¢

Pern

Elemjent usage: optional.

The profileInfoStructure pinfAttributesMbr element containg)information from the devig

from|

12.2
Tag ¢
Pernf

Elem

The profileInfoStructure pinfProfileDescMbr element contains the contents of the profileDe

from|

12.2

Tag

Pernjitted tag element types: ulnt8Number array of 16 bytes.

Elem

The profiléInfoStructure pinfProfileIDMbr element contains the Profile ID from the he
corrgsporiding profile. If the corresponding profile contains a Profile ID in the Profile Head

6.2 profileInfoStructure sub-tag member elements

6.2.1 pinfAttributesMbr
lement signature: 'attr' (6174747 2h).

itted tag element types: ulnt64Number.

the header of the corresponding profile. Assumed to be zero if element is not present.

6.2.2 pinfProfileDescMbr
lement signature: 'pdsc' (70647363h).
itted tag element types: multiLocalizedUnicodeType.

ent usage: optional.

the corresponding profile. Iflelement not present then an empty description is assumg

6.2.3 pinfProfileIDMbr
lement signature~pid' (70696420h).

ent usage:optional.

e attributes

scriptionTag
d.

ader of the
br, it shall be

used

imthe Profite Tdentifierstructure. if the profite does ot contaima Profite tDimthe Pr

file Header,

then either this element can be excluded, or an all-zero Profile ID or a computed Profile ID shall be used.
The ProfilelD is assumed to be zero filled if the element is not present.

12.2.6.2.4 pinfManufacturerDescMbr

Tag element signature: 'dmnd' (646d6e64h).

Permitted tag element types: multiLocalizedUnicodeType.

Elem

ent usage: optional.

The profileInfoStructure pinfManufacturerDescMbr element contains contents of the deviceMfgDescTag
from the corresponding profile. If the element not present then an empty description is assumed.
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12.2.6.2.5 pinfManufacturerSigMbr

Tag element

signature: 'dmns' (646d6e73h).

Permitted tag element types: signatureType.

Element usage: optional.

The profilelnfoStructure pinfManufacturerSigMbr element contains information from the device model
from the header of the corresponding profile. Assumed to be zero if the element is not present.

12.2.6.2.6 |
Tag element]

Permitted t{

pinfModelDescMbr

signature: 'dmdd' (646d6464h).

g element types: multiLocalizedUnicodeType.

Element usdge: optional.

The profilel
from the co

12.2.6.2.7
Tag element]

Permitted t{

hfoStructure pinfoModelDescMbr element contains the contents of the deviceModelDej
responding profile. If the element not present then an empty description shall be assu

pinfModelSigMbr
signature: 'mod' (6d6f6420h).

g element types: signatureType.

Element us

I
The profile]

the header d

12.2.6.2.8
Tag element]

Permitted t{

e: optional.

foStructure pinfModelSigMbr element contains information from the device model
f the corresponding profile. Assumed tabe zero if the element is not present.

pinfRenderingTransformMbr
signature: ‘rtrn’ (72747 26eh).

g element types: ulnt32Number.

Element us

I
The profile]

from the co
ulnt32Numl

e: optional.

foStructure pinfRenderingTransformMbr element defines the rendering intent trans
Fresponding profile that was used to establish the combined transform. The value g
per shall be\one of the values in Table 20.

If this sub-]

intent field 1|n

ag istpot present then the rendering intent transform shall be defined by the rend
the profile header (see 7.2.17).

cTag
med.

from

form
f the

Pring

12.2.6.2.9 pinfTechnologyMbr

Tag element

signature: 'tech’' (74656368h).

Permitted tag element types: signatureType.

Element usage: optional.

The profilelnfoStructure pinfTechnologyMbr element contains contents of the technologyTag from the
corresponding profile. If not present, then a zero technology signature shall be assumed.
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12.2.7 tintZeroStructure

12.2.7.1 General
Structure Type Identifier: 'tnt0' (746e7430h).

The tintZeroStructure is used by the namedColorTag (see 9.2.57), which contains a namedColorArray
(see 13.2.1) defined as a tagArrayType with a single tintZeroStucture followed by additional
namedColorStructure elements. Publically defined element sub-tag members of a tintZeroStructure are
shown in Table 140. Descriptions for each sub-tag member can be found in 12.2.7.2.

Table 140 — tintZeroStructure element sub-tags
Id Signature Description Sub-tag type Use
tntOPeviceDataMbr 'dev'’ Device values used |ulnt8Number May be present
(64657620h) |to reproduce zero
tint (see 12.2.7.2.1) [Int16Number
float16Number
float32Number
tntOPcsDataMbr 'pcs’ PCS values associ- |ulnt8Number Shall be[present if
(70637320h) |ated with zero tint Int16N6mb PCS field is non-zero
(see 12.2.7.2.2) win unber in profile header
floatl6Number
float32Number
tntOppectralDataMbr |'spec’ Spectral values.as<’|ulnt8Number Shall be(present if
(73706563h) |sociated with zero Int16Number spectrallPCS field is
tint (see 12.2.7.2.3) u u non-zer in profile
floatl6Number header
float32Number
sparseMatrixArrayType
tntOPpectralOver- 'spch’ Spectral values ulnt8Number May be present - if
BlackDataMbr (73706362h) - |associated with present|spectralPCS
: ulnt16Number .
colour overprinted field shdll be non-ze-
on black medium |floatl6Number ro in prg¢file header
(see12.2.7.2.4) float32Number
sparseMatrixArrayType
tntOPpectralOverGrays |'spcg' Spectral values ulnt8Number May be present - if
DataMbr (73706367h) |associated with present/|spectralPCS
: ulnt16Number .
colour overprinted field shdll be non-ze-
on gray medium float16Number ro in pr¢file header
(see12.2.7.2.5) float32Number
sparseMatrixArrayType

12.2.7.2 tintZeroStructure sub-tag member elements

12.2.7.2.1 tntODeviceDataMbr

Tag element signature: 'dev' (64657620h).

Permitted tag element types: ulnt8Number or ulnt16Number, float16Number or float32Number.

Element usage: optional.

The tintZeroStructure tntODeviceDataMbr element shall contain an array of deviceData sample
values used to define the zero tint used to estimate named colour tints. The number of entries in the
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tntODeviceDataMbr element tag shall agree with the number of entries implied by the dataColorSpace
entryin the profile header. Near zero tint deviceData values are determined using the tnt0DeviceDataMbr
sub-tag element in the tintZeroStructure in combination with the nmclDeviceDataMbr sub-tag element

in namedColorStructure (see 12.2.5.2.7).

12.2.7.2.2 tntOPcsDataMbr

Tag element

signature: 'pcs ' (70637320h).

Permitted tag element types: ulnt8Number or ulnt16Number, float16Number, or float32Number.

Element us

The tintZerIStructure tntOPcsDataMbr element shall contain an array of pcsData sample values'us

define the z
element tag
Near zero {
tintZeroStri
(See 12.2.5.

12.2.7.2.3
Tag element]

Permitted t
sparseMatri

bro tint used to estimate named colour tints. The number of entries in the tnt0ResDat

shall agree with the number of entries implied by the PCS entry in the/profile he
int pcsData values are determined using the tntOPcsDataMbr sub-tagCelement i
icture in combination with the nmclPcsDataMbr sub-tag element in a nainedColorStru
p.9).

Int0SpectralDataMbr
signature: 'spec' (73706563h).

hg element types: ulnt8Number or ulntl6Number or float16number or float32Numb
xArrayType.

Element usdge: required if spectralPCS value is non-zero in profile header.

The tintZer
values used
the profile
sparseMatri
shall be the
Near zero t
in the tint
namedColor

12.2.7.2.4
Tag element]

Permitted t
sparseMatri

Element us{

ed to
nMbr
ader.
| the
rture

er or

pStructure tntOSpectralDataMbr element shall contain the array of spectralData s

ple

to define the zero tint used to estimate named colour tints. If the spectralPCS entry in
header is a sparseMatrixReflectanceData colour space then the element type shdll be

xArrayType. Otherwise, the number of entries in the tntOSpectralDataMbr eleme
same as the number of entries_implied by the spectralPCS entry in the profile he
int spectralData values aretdetermined using the tntOSpectralDataMbr sub-tag ele
ZeroStructure in combinmation with the nmclSpectralDataMbr sub-tag element
Structure (see 12.2.5.240):

Int0SpectralOverBlackDataMbr
signature: 'spcb’ (73706362h).

hg element types: ulnt8Number or ulntl6Number or floatl6number or float32Numb
xArraylype.

tag
ader.
ment
in a

er or

bhther

g€, Optional - required when nmclSpectralOverBlackDataMbr sub-tags are used in

namedColor

The

tintZeroStructure

raim . - 4=l AVal 1 A
oLIutturcs I UIC IdINICTULUIOTATTdY.

tntOSpectralOverBlackDataMbr element shall contain the

array of

spectralOverBlackData sample values used to define the zero tint used to estimate named colour
tints over a black medium. When this tag is used the spectralPCS value shall be defined in the profile
header. If the spectralPCS entry in the profile header is a sparseMatrixReflectanceData colour space
then the element type shall be sparseMatrixArrayType. Otherwise, the number of entries in the
tntOSpectralOverBlackDataMbr element tag shall agree with the number of entries implied by the
spectralPCS entry in the profile header. Near zero tint spectralOverBlackData values are determined
using the tnt0SpectralOverBlackDataMbr sub-tag element in the tintZeroStructure in combination with
the nmclSpectralOverBlackDataMbr sub-tag element in a namedColorStructure (See 12.2.5.2.11).
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12.2.7.2.5 tnt0OSpectralOverGrayDataMbr

Tag element signature: 'spcg' (73706367h).

Permitted tag element types: ulnt8Number or ulntl6Number or floatl6number or float32Number or

sparseMatrixArrayType.

Element usage: Optional - required when nmSpectralOverGrayDataMbr sub-tags are used in other

namedColorStructures in the namedColorArray.

The tintZeroStructure tntOSpectralOverGrayDataMbr element shall contain the
spectralOverGrayData sample values used to define the zero tint used to estimate named colo
medium. When this tag is used the spectralPCS value shall be defined in the profile)}
spectralPCS entry in the profile header is a sparseMatrixReflectanceData colour space-then|
type|shall be sparseMatrix array. Otherwise, the number of entries in the tntOSpectralOverG
element tag shall agree with the number of entries implied by the spectralPCS entx¥'in the pr
Near| zero tint spectralOverGrayData values are determined using the tnt0SpectralOverG
sub-tfag element in the tintZeroStructure in combination with the nmclSpectralOverGrayD
tag element in a namedColorStructure (see 12.2.5.2.12).

13 Tag Array Type definitions

13.1 General

The tagArrayType provides the means of encoding multiple tag elements into a single in
of contained sub-tag elements. Each tagArrayType has-an Array Type Identifier that sha
identify the possible sub-tag elements and the purposes for each sub-tag element in the arr

The public tagArrayType array identifier types-defined by the ICC are listed in 12.2 in alphab

13.2 Tag array indentifier type listing

13.2{1 namedColorArray

Arraly Type Identifier: 'ncol' (6e636f6ch).

A na
Infor
nam

medColorArray shall contain an array of tintZeroStructure and namedColorStructu
mation related to'a mamed colour can include PCS and as optional device representatio
ed colours. TheAfirst element in the array shall be a tintZeroStructure which correspor
valug¢s when a zefo-tint of any named colour is used. See 12.2.7 for a complete description
and yisage of a-tintZeroStructure. Succeeding elements shall be defined as a namedColorSt
12.215 for a complete description of contents and usage of a namedColorStructure. The name
is utilized'by the namedColorTag (see 9.2.99).

array of
ur tints over
eader. If the
the element
rayDataMbr
ofile header.
rayDataMbr
ntaMbr sub-

exed array
be used to

ay.

etical order.

re elements.
n for a list of
ds to colour
of contents
ructure. See
dColorArray

13.2.2—profiteinfoArray

Array Type Identifier: 'pinf' (70696e66h).

A profileInfoArray shall contain an array of profileInfoStructure structures that each contain
information about a single profile. The successive elements of the array provide a description of the
successive profiles in a sequence from source to destination. A profileInfoArray is utilized by the
profileSequencelnformationTag (see 9.2.102) which is is typically used with the DeviceLink profile. See
12.2.6 for a complete description of contents and usage of a profilelnfoStructure.
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Annex A
(informative)

Elemental calculations and inter-PCS operations

A.1 Elemental calculations

A.1.1 General overview

The inter-P(S operations are described in A.2. These operations use the elemental calculations de

in A.1 to copvert between the various supported PCS encodings. Nearly all of the operations cg

represented as a linear matrix operation resulting in the ability to concatenate thealculations us|
performing inter-PCS operations.

The procesq of converting spectral reflectance/transmission to tristimulus (colorimetric) value

be subdivi

sensor capt
data to mat
constructin

A.1.2 Spe

AspectralR
Spectral ref
using a sped
well as a spé¢

Spectral op
operated onj
is performe
wavelength
the wavelen|

d into transform steps from incident light to reflected/transmitted light to obse

ire of reflected/transmitted light. This subdivision allows-far both resampling of sp¢
Ch illuminant and observer spectralRange requirements-and providing building blocK
b conversions between the various types of spectral PCS data.

ctral resampling

inge defines the start wavelength, end wavelength, and total number of equally-spaced §
ectance, transmission, emission, radiance,as'well as illuminant, and observer are speq
tral Range. The spectral Range for a fluorescent PCS defines both a spectrallnputRan

ctralOutputRange.

erations on spectral vector data require that the spectralRanges of the data be
are the same. When they are not the same, resampling is performed. Spectral resam:Eyling
d using linear interpolatiofi-of input wavelengths for each resulting wavelength. W

is extended on either end‘ef'the range, the value for the extension is defined by the valu
igth closest to the extended wavelength.

fined
n be
ed in

b can
rver/
ctral
s for

teps.
ified
e as

ing

en a
e for

tion.

0 nm

This approafh of spectral resampling results allows resampling to be performed as a matrix operd
The exampl¢ in FormulafA:Y) (greatly reduced for example purposes only) shows resampling of 40
to 700 nm with 4 intervals to 350 nm to 750 nm with 9 intervals:
[Raco [[[ 130 0 0]
R400 1 0 0 0
Ryso 0,5 0,5 0 0
R400
Rs00 0 1 0 0
Rs00
R550 = 0 0,5 0,5 O
Re00
Reo00 0 0 1 0
R700
Reso 0 0 05 0,5
R700 0 0 0 1
| R750 | 0 0 0 1

where Ry is t

158

he spectral value (re_flectance) at wavelength A.

(A1)
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This method of spectral resampling can be applied to reflectance, transmission, emission, radiance, or
irradiance vectors.

A.1.3 Reflectance/transmission to radiance/emission

The conversion of reflectance/transmission to radiance/emission represents incident light from an
illuminant being reflected or transmitted by the object represented by the reflectance/transmission
data. The conversion of a reflectance/transmission vector to a radiance/emission vector can be
represented as the scalar product of a reflectance/transmission vector and a vector for the illuminant.

This requires that the vectors for the illuminant and reflectance/transmission share the same

scalg
This
)i

whet

o

Alter

¢

whel

4

1

A.14

The

refle
Fluol
a ved

The 1

E
¢

Ry isreflectance/transmission at wavelength A.

TRamnge:
conversion is represented in Formula (A.2):

2 =52k,

2 isradiance/emission at wavelength A;

2 is illuminant emission at wavelength A;

natively, this can be represented with the matrix/vector Formula (A.3):
=Sr

is the resulting radiance/emission vector;
is a diagonal matrix containing illuminant emissions;

is the starting reflectance/transmission vector.

I Fluorescence to radiance/emission

cted (or tramsmitted) with fluorescence by the object represented by the fluoreg
rescencedata are represented by a Donaldson matrix, and the application of a Donalds
tor representing the illuminant emission results in a vector of light radiated from the

wumber of columns corresponds to the spectralRange of the source illuminant, and th

(A.2)

(A.3)

ronversion of flugrescence to emitted radiance represents incident light from an illumpinant being

cence data.
bn matrix to
bbject.

e number of

rows

carracnandctntho cnactralRanaga nftho raculting radiqnf‘a [lamiccian
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sented by the matrix Formula (A.4):

Eq S1
E, Dy Dim) S>
Dn,l Dn,m
El’l Sm
where
Sj is the starting illuminant emission value for the jth wavelength;

Djj is the i,jth element of the Donaldson matrix with dimension n x m;

Ej
A.1.5 Rad

The convery
incident ligh
emission ve
reflectance
for each wa
this require
zero then Ré

This requir

scalarRangg.

The converg

X

where

S

Ry isrq

Sy isil

E) ise

is the resulting radiance/emission vector for the ith wavelength.

]._] £,
h

iance/emission to reflection/transmission

ion of radiance/emission to reflectance/transmission represents the factoring out g
t from the light being reflected or transmitted by the object. The conversion of a radiz
ctor to a reflectance/transmission vector can be“represented as scalar product
transmission vector and a vector containing regiprocals of the illuminant emission v
elength. Because a reciprocal of the source illuminant values for each wavelength is
5 that the source illuminant values are non<Zero. If any of the source illuminant value|
flectance/Transmission cannot be determined.

es that the vectors for the illumitant and reflectance/transmission share the

ion is represented in Formula (A.5):

bflectance (Ortransmittance) at wavelength 2;

Juminant power at wavelength 2;

(A4)

f the
nce/
of a
hlues
used
S are

pame

(A.5)

mitted radiance at wavelength A.

Alternatively this can be represented with Formula (A.6):

r=S"le
where
e is the emitted radiance vector;
S-1 is adiagonal matrix containing reciprocals of illuminant power;
r is the starting reflectance (or transmittance) vector.
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The conversion of radiance/emission intensities to XYZ colorimetry represents the application of CMFs
to the radiance/emission data. This can be represented by applying a matrix containing the CMF to
a vector containing the radiance/emission data. The resulting tristimulus values are expressed as

absolute intensities since no relative white point is taken into consideration.

This requires that the spectralRange of the radiance/emission data matches the spectral range of the CMF.

This conversion is represented by Formula (A.7):

£y

X X1 Xy x, || E2

Y |=683| y; Vn

Z zZy Zy z,
En

where
EI. }71. EI. are the CMF values for wavelength i;
ki is the radiance at wavelength i, in cd/m2.

A.1.7 Relative radiance/emission to XYZ colorimetry

(A7)

The gonversion of radiance/emission to XYZ colorimetry relative to a given illuminant represents the
application of an observer’s CMFs to the radiance/emission data and factoring this by the Y tristimulus
valug¢ of the illuminant. This can be represented by applying a normalization factor to the application of a
matrjix containing the CMF to a vector containing the radiance/emission data. The resulting tristimulus

valugs are expressed as absolute intensitiés since no relative white point is taken into cons

This|requires that the spectralRange_of both the radiance/emission data and the relativi

matdh the spectral range of the CMF.

This|conversion is represented-by Formula (A.8):

deration.

b illuminant

Eq
X X]  Xp Xp || E2
=k| y1.92 Yn (A.8)
Z 2y 7, z,
En
with
E; is the emission spectrum at wavelength i;
X;, y;, z; are the CMF values for wavelength i;
XYZ are the resulting tristimulus values;
k is a normalizing constant for the relative illuminant (with values ; for each
wavelength i) and CMF, where k= n;
Z)_’ il
i=1
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A.1.8 Absolute/relative intent adjustments

ICC colour management supports two modes of operation defined by rendering intents. With the
absolute intent PCS values directly correspond to measurement data. With the relative intent PCS
values correspond to measurement values that have been adjusted relative to the media white point.
ICC profiles can have tags that provide transforms for either relative or absolute or both.

Relative to absolute adjustment is performed by applying a diagonal matrix containing relative white
divided by absolute white values. Absolute to relative adjustment is performed by applying a diagonal
matrix containing absolute white divided by relative white values.

For a colorpmetrieRCS—therelativewhite—values—are—definedasthe CIEXYZ valuesfound—in the
mediaWhitgPoint tag, and the absolute white values are defined by the CIEXYZ values for the illum]nant
relative to the observer used for the colorimetric PCS. The illuminant and observer are_defingd by
the PCC that describe the PCS if a custom colorimetric PCS is used. If a standard PCS,is used,|then

the absolutg white point is the colorimetry of the D50 illuminant for the CIE 1931 Standard 2-d¢gree
observer.

For a spectral PCS, the relative white values are defined as vector of PCS encodeéd values found in the
contents of the spectralWhitePoint tag. Absolute white values for a spectral PES are dependent op the
PCS type:

— For either a reflective or transmissive PCS are defined as vectors~Containing 100 % reflectgnce/
transmission for all wavelengths.

— Absolute white values are defined by the PCC illuminant in thie'case of emissive PCS.

— Absolute white values are not defined for spectrofluoréscent based PCS. (Thus relative/absplute
conversjions are not possible in the case of a spectroflaorescent PCS.)

Conversiond between absolute and relative data are performed using Formula (A.9):

W,
Rel%/ 0 0
R1 Abs,1 A1
Rz 0 WRel%/ . 0 A2
‘= Abs)2 _ (A.9)
Ry Ay
0 0 WRGW/
WAbs,N
where
Aj is the/Mentry of an absolute PCS coordinate vector (CIEX, CIEY, or CIEZ for colorimetfic

PCS;. or value for the ith wavelength for a spectrally-based PCS);

WRel,i 1s the ith entry of the relative white vector (CIEX, CIEY, or CIEZ for colorimetric PCS; or
value for the ith wavelength for a spectrally-based PCS);

Waps,i is the ith entry of the absolute white vector (CIEX, CIEY, or CIEZ for colorimetric PCS; or
value for the ith wavelength for a spectrally-based PCS);

R; is the ith entry of a relative PCS coordinate vector (CIEX, CIEY, or CIEZ for colorimetric PCS;
or value for the ith wavelength for a spectrally-based PCS).
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Conversion between relative and absolute date is performed using Formula (A.10):

w
Abs%/ 0 0
A1 Rel, 1 Rl
4, 0 WAbS%/ 0 R,
e Rel,2 . (A.10)
Ay Ry
0 0 WAbS,N
WRP] N
wherre
Ri is the ith entry of a relative PCS coordinate vector (CIEX, CIEY, or CIEZfor.colorjimetric PCS;
or value for the ith wavelength for a spectrally-based PCS);
Wabs,i is the ith entry of the absolute white vector (CIEX, CIEY, or CIEZfor'colorimetri¢ PCS; or
value for the ith wavelength for a spectrally-based PCS);
WRel,i is the ith entry of the relative white vector (CIEX, CIEY, of«CIEZ for colorimetric|PCS; or
value for the ith wavelength for a spectrally-based PGS);
A is the ith entry of an absolute PCS coordinate vectar(CIEX, CIEY, or CIEZ for colprimetric
PCS; or value for the ith wavelength for a spectrally-based PCS).
Absdlute/Relative PCS conversions are not possible for-$pectrally-based PCS operations when the either

the absolute or relative white vector contains values'of zero (which can happen in the case
emisgion based PCS). In this case it would be expected that a failure would occur when the
trangform operations are initialized.

A.1.9 Black point compensation

Blacl

A.1.10 Luminance Matching

The
enco
to a
perfd
the d
whit

[SO 15076-1 standardycolorimetric PCS, as well colorimetric PCS values in this do
ded in terms of normalized tristimulus values. This means that tristimulus values ar¢
reference whitefwhich is assumed to be the adapted white point. For a surface col
ct white diffuser viewed under a D50 illuminant, for a display it is the assumed white
isplay white point), and in both cases the values are scaled so that the tristimulus Y of t
b is 1,0.(These are relative tristimulus values, as described in CIE.15.) One conseqy
halizatien is that differences in luminance between source and destination are not aq

 of using an
adjustment

L point compensation is defined as’a colorimetric PCS operation. It is defined in ISO 18419.

cument, are
normalized
bur this is a
point (often
he reference
ence of this
counted for

ay be desirabte for oloUT TManage ooal 1o 12 actual tuminances of
source and destination into account, and this can be accomplished by using luminance information
from the profiles to provide a scaling of tristimulus values during PCS processing by the CMM. The
absolute photometric luminance in cd/m2 can be provided in the CIE Y value of the illuminant field
of the spectralViewingConditions tag (of a profile based on this document) or the CIE Y value of the
luminanceTag (of a profile based on ISO 15076-1). When such tags are not available then the default
luminance of 160 cd/m?2 (associated with the perceptual PCS defined by ISO 15076-1, or the standard
viewing condition P2 specified for graphic arts and photography in ISO 3664) can be used. Additionally,
an override of a profile’s luminance can be provided by the CIE Y value of the illuminant field of the

spectralViewingConditions defined by alternate PCC when they are provided to the CMM for a profile.

When luminance matching is desired, the instructed CMM performs a Colorimetric PCS operation that
scales the tristimulus values by the ratio of the luminance associated with the source profile divided by
the luminance associated with the destination profile.
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An important caution related to the use of luminance matching is that clipping may occur when
tristimulus values are scaled outside the range that the destination profile is capable of adequately
handling.

A.2 Various PCS operations

Figure A.1 provides a high-level overview of various PCS operations and conversions. When two profiles
are connected only one ICC in and one ICC out connection point is used for the profiles. The location of
these connection points are determined by the type of PCS that is used for each profile. The closest
connection distance is used, and profiles that have equivalent PCC will connect to the same PCS.

Spectral Spectral Spectral

PCS 1 e PCS 2

Custom Apply PCC's Stendard Apply PCC's
custom to . . standard to
colorimetric standard PCS 3 colorimetric > custom PCS colorimetric

(Convert to

colorimetry
PCS 1 (c2sp) tag PCS (s2cp) tag PCS 2

Figure A&—’Spectral and colorimetric PCS operations
N\

9
QO
A.3 Pseuldo-cod% Qg;cription of PCS to PCS transformations

A.3.1 Overviivﬁ

The various lﬁB mapping possibilities are outlined in Table A.1.
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Table A.1 — Various PCS mapping possibilities

From Reflec- From Transmit- From From Fluores-
From Lab | From XYZ tance/ Transmis-| Radiant/
tance . . cence
sive Emission
To Lab Yes Yes Using PCC Using PCC Using PCC Using PCC
oLa
(A.3.2) (A.3.4) (A.3.6) (A.3.11) (A.3.16) (A.3.21)
To XYZ Yes Yes Using PCC Using PCC Using PCC Using PCC
o
(A.3.3) (A.3.5) (A.3.7) (A.3.12) (A.3.17) (A.3.22)
for oo~ [Apply then
To Rl N N Yes Yes ﬁfli;r?ibrltarn‘gh extiract PCC
o Reflectance 0 0 i i
(A.3.8) (A.3.13) (A3.18) iltyminant
T (A.B.23)
Apply then
To Tfansmittance/ Yes Yes .Use P.CC extract PCC
— No No iliminant Tumi
Tranfsmissive (A.3.9) (A.3.14) tlluminant
(A.3.19) (A..24)
) Apply PCC Apply PCC illami- Apply PCC
To Rpdiant / No No lluminant  |nant Yes illyminant
Emigsion (A.3.20)
(A.3.10) (A.3.15) B (A.B.25)
Exgct match
To Fluorescence |No No No No No required
(A.B.26)

PCS |

connections outlined in Table A.1. Each profilethas PCC that are made up of colorimetric :

PCS
(see
stan
in th

PCS

relat
obse
sub-{
step
PCS i
both

For €

stepg:

pote

brocessing uses PCC to determine the transfofims that are needed to convert between

information from the profile header (see 7.2), information from spectralViewingCq

9.2.105), and transformations. ifi the customToStandardPCCTag (see 9
lardToCustomPCCTag (see 9.2.107)+PCC information is obtained either from the profij
b connection or from outside sourdes provided to the CMM.

connection transforms inyolving a colorimetric PCS (either Lab or XYZ) are generally
jve to the ISO 15076-1/standard colorimetric PCS, which uses the CIE 1931 Stand
Fver with a D50 illuminant. The conversion is done in two general steps, which are eac
teps. The first general step converts to XYZ values for the standard colorimetric PCS
converts from XY.Z-values for the standard colorimetric PCS. However, the standard

sides of the connection. In this case only the custom colorimetric PCS is used.

ach of these general steps the sub-steps used to define them will involve zero or more of
conversion to/from XYZ, potential application of absolute/relative white point

the various
ind spectral
nditionsTag
12.56) and
les involved

y performed
d 2-degree
made up of
The second

colorimetric

s not needed ot iiSed when identical colorimetric PCS usage is indicated by the PCC infgrmation for

he following
adjustment,

htial application of black point adjustment, conversion using the PCC customToStandar

foindo AT - PRCCTo o

dPCCTag, or

conv

& sacin o bl ot
CT STOITT USTITg CIIC— S tannta T T TO CUSTOTIT GG Tags

PCS connection transforms involving spectrally-based PCS can involve resampling with expansion or
compression of spectral information by wavelength to match observer, illuminant definitions defined by
the relevant PCC or connection spectral sampling requirements between the two profiles. Additionally,
illuminant information is applied or factored out.

When connecting a spectrally-based PCS to a colorimetric PCS a conversion to colorimetry is needed.
First the conversion to colorimetry is performed by applying the source PCC observer and illuminant.
Then colorimetric PCS connection is performed (as if the source PCS was colorimetric).

Fluorescent PCS connection is different from other spectral PCS connection in that spectralRange
conversion is performed on the illuminant (if it doesn’t match the input spectral input range of the
Fluorescent PCS). This is due to the difficulty of resampling Donaldson matrices that correspond to the
spectral PCS. Linear resampling of the illuminant is performed. However, this is generally not advisable
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so it is recommended that workflows be set up to use an illuminant that matches the spectral input
range of the fluorescent PCS.

NOTE Most of the PCS operations described in this annex can be implemented as matrix operations that can
be concatenated for performance purposes.

A.3.2 From Lab to Lab
The following pseudo-code describes this PCS conversion:

XYZ = Convert_from_PCSLAB();

If sojurce relative/absolute intent and/or black point compensation adjustment is needed
XYZ = Scale_and_shift(XYZ, ...);
End{f
If soircePCS != destinationPCS
If sourcePCS != standardPCS

XYZ = Apply_Tag(XYZ, source_PCC_customToStandardPCSTag);
Endif
If destinationPCS != standardPCS

XYZ = Apply_Tag(XYZ, destination_PCC-standardToCustomPCSTag);
Endif
Endif
If luminance matching is needed
XYZ = Scale(XYZ, source_luminance / destination_luminance)
End{f
If defstination relative/absolute intent and/or black point compensation adjustment is needed
XYZ = Scale_and_shift(XYZ, ...);
Endif
Convert_to_RESLAB(XYZ);

A.3.3 From-lLab to XYZ

The following pseudo-code describes this PCS conversion:
XYZ = Convert_from_PCSLAB();
If source relative/absolute intent and/or black point compensation adjustment is needed
XYZ = Scale_and_shift(XYZ, ...);
Endif
If sourcePCS != destinationPCS
If sourcePCS != standardPCS
XYZ = Apply_Tag(XYZ, source_PCC_customToStandardPCSTag);
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Endif
If destinationPCS != standardPCS
XYZ = Apply_Tag(XYZ, destination_PCC_standardToCustomPCSTag);
Endif
Endif

If luminance matching is needed

AVA V4

A.3.
The {

3

ollowing pseudo-code describes this PCS conversion;

XY Z="Scate(X¥Z;sourcetumimarce A destimationtumimance)
Endif
If destination relative/absolute intent and/or black point compensation adjustmentlis needed
XYZ = Scale_and_shift(XYZ, ...);
Endif
Convert_to_PCSXYZ(XYZ);

From XYZ to Lab

XYZ = Convert_from_PCSXYZ();
If source relative/absolute intent and/or black point compensation adjustment is ndeded
XYZ = Scale_and_shift(XYZ,..d;
Endif
If sourcePCS != destinationRCS
If sourcePCS !=standardPCS
XYZ=Apply_Tag(XYZ, source_PCC_customToStandardPCSTag);
Endif
[fddestinationPCS != standardPCS
XYZ = Apply_Tag(XYZ, destination_PCC_standardToCustomPCSTag)
Endif

Endit

If luminance matching is needed
XYZ = Scale(XYZ, source_luminance / destination_luminance)

Endif

If destination relative/absolute intent and/or black point compensation adjustment is needed
XYZ = Scale_and_shift(XYZ, ...);

Endif

Convert_to_PCSLAB(XYZ);

© IS0 2019 - All rights reserved 167


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

IS0 20677:2019(E)

A.3.5 From XYZ to XYZ
The following pseudo-code describes this PCS conversion:
XYZ = Convert_from_PCSXYZ();
If source relative/absolute intent and/or black point compensation adjustment is needed
XYZ = Scale_and_shift(XYZ, ...);
Endif

If soprcePCS=destinationPCts
If sourcePCS != standardPCS

XYZ = Apply_Tag(XYZ, source_PCC_customToStandardPCSTag);
Endif
If destinationPCS != standardPCS

XYZ = Apply_Tag(XYZ, destination_PCC_standardTo€EustomPCSTag);
Endif
Endif
If lupinance matching is needed
XYZ = Scale(XYZ, source_luminance / destination_luminance)
Endif
If destination relative/absolute intent and/or black point compensation adjustment is needed
XYZ = Scale_and_shift(XYZ, )
Endif
Conyert_to_PCSXYZ(XYZ);

A.3.6 From Reflectanceto Lab
The following pseudo-code-describes this PCS conversion:

reflgctance =Gonvert_from_PCS_Reflectance();

If soprcerelative/absolute adjustment is needed

reflectance = Scale(reflectance, ...);
Endif
If spectralRange(reflectance) != spectralRange(source_PCC_illuminant)
reflectance = Adjust_range(reflectance, spectralRange(source_PCC_illuminant));
Endif
radiance = Apply_illuminant(reflectance, source_PCC_illuminant);
If spectralRange(radiance) != spectralRange(source_PCC_observer)

radiance = Adjust_range(radiance, spectralRange(source_PCC_observer));
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Endif
XYZ = Apply_relative_observer(radiance, source_PCC_Observer, src_PCC_illuminant);
If black point compensation adjustment is needed
XYZ=Scale_and_shift(XYZ, ...);
Endif
If sourcePCC_PCS != destinationPCS

HsourcePEStH=—standardP€S
XYZ = Apply_Tag(XYZ, source_PCC_customToStandardPCSTag);
Endif
If destinationPCS != standardPCS
XYZ = Apply_Tag(XYZ, destination_PCC_standardToCustomPCSTag)
Endif
Endif
If luminance matching is needed
XYZ = Scale(XYZ, source_luminance / déstination_luminance)
If destination relative/absolute intent and/or black point compensation adjustmentlis needed
XYZ = Scale_and_shift(XYZ, ...);
Endif
Convert_to_PCSLAB(XYZ);

A.3.7 From Reflectance toXYZ

The following pseudo-codedescribes this PCS conversion:
reflectance =c€onvert_from_PCS_Reflectance();

If source felative/absolute adjustment is needed

reflectance = Scale(reflectance, ...);

Endif

If spectralRange(reflectance) = spectralRange(source_PCC_illuminant)
reflectance = Adjust_range(reflectance, spectralRange(source_PCC_illuminant));
Endif
radiance = Apply_illuminant(reflectance, source_PCC_illuminant);
If spectralRange(radiance) != spectralRange(source_PCC_observer)
radiance = Adjust_range(radiance, spectralRange(source_PCC_observer));
Endif

XYZ = Apply_relative_observer(radiance, source_PCC_Observer, src_PCC_illuminant);

© IS0 2019 - All rights reserved 169


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

IS0 20677:2019(E)

If black point compensation adjustment is needed
XYZ=Scale_and_shift(XYZ,..);
Endif
If sourcePCC_PCS != destinationPCS
If sourcePCS != standardPCS
XYZ = Apply_Tag(XYZ, source_PCC_customToStandardPCSTag);

Errdif
If destinationPCS != standardPCS

XYZ = Apply_Tag(XYZ, destination_PCC_standardToCustomPCSTag);
Endif
End{f
If luminance matching is needed
XYZ = Scale(XYZ, source_luminance / destination_luminance)
If destination relative/absolute intent and/or black point compensation adjustment is needed
XYZ = Scale_and_shift(XYZ, ...);
End{f
Conyert_to_PCSXYZ(XYZ);

A.3.8 From Reflectance to Reflectance
The following pseudo-code describes this PCS’conversion:
reflgctance = Convert_from_PCS Reflectance();
If source relative/absoluteradjustment is needed
reflectance = Scale(reflectance, ...);
Endif
If spectralRange(reflectance) != spectralRange(destination_PCS)

reflectance = Adjust_range(reflectance, spectralRange(destination_PCS));

Endif

If destination relative/absolute adjustment is needed
reflectance = Scale(reflectance, ...);

Endif

Convert_to_PCS_Reflectance(reflectance);

A.3.9 From Reflectance to Transmittance
The following pseudo-code describes this PCS conversion:

reflectance = Convert_from_PCS_Reflectance();
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If source relative/absolute adjustment is needed
reflectance = Scale(reflectance, ...);
Endif
If spectralRange(reflectance) != spectralRange(destination_PCS)
reflectance = Adjust_range(reflectance, spectralRange(destination_PCS));

Endif

16 .l - dnn ) Ll h N 1. b - | |
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reflectance = Scale(reflectance, ...);

Endif

Convert_to_PCS_Transmittance(reflectance);

A.3.10 From Reflectance to Radiance
The following pseudo-code describes this PCS conversion:
reflectance = Convert_from_PCS_Reflectance();
If source relative/absolute adjustment is needed
reflectance = Scale(reflectance, ...);
Endif
If spectralRange(reflectance) != spectyalRange(source_PCC_illuminant)
reflectance = Adjust_range(reflectance, spectralRange(source_PCC_illuminant));
Endif
radiance = Applyllluminant(reflectance, source_PCC_illuminant);
If spectralRange(radiance) != spectralRange(destination_PCS)
radiapce = Adjust_range(radiance, spectralRange(destination_PCS));
Endif
If destination relative/absolute adjustment is needed

radiance = Scale(radiance, ...);

Endil

Convert_to_PCS_Radiance(radiance);

A.3.11 From Transmittance to Lab
The following pseudo-code describes this PCS conversion:
transmittance = Convert_from_PCS_Transmittance();
If source relative/absolute adjustment is needed
transmittance = Scale(transmittance, ...);

Endif
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If spectralRange(transmittance) != spectralRange(source_PCC_illuminant)
transmittance = Adjust_range(transmittance, spectralRange(source_PCC_illuminant));
Endif
radiance = Apply_illuminant(transmittance, source_PCC_illuminant);
If spectralRange(radiance) != spectralRange(source_PCC_observer)

radiance = Adjust_range(radiance, spectralRange(source_PCC_observer));

Endif
XYZ|= Apply_relative_observer(radiance, source_PCC_Observer, src_PCC_illuminant);
If luminance matching is needed
XYZ = Scale(XYZ, source_luminance / destination_luminance)
End{f
If black point compensation adjustment is needed
XYZ=Scale_and_shift(XYZ,..);
Endif
If soprcePCC_PCS != destinationPCS
If sourcePCS != standardPCS

XYZ = Apply_Tag(XYZ, source_P€C_customToStandardPCSTag);
Endif
If destinationPCS != standardPCS

XYZ = Apply_Tag{XYZ, destination_PCC_standardToCustomPCSTag);
Endif
End{f
If destination relative/absolute intent and/or black point compensation adjustment is needed
XYZ. £ Scale_and_shift(XYZ, ...);
Endif

Convertto PCSLab{XV¥7)}.

A.3.12 From Transmittance to XYZ
The following pseudo-code describes this PCS conversion:
transmittance = Convert_from_PCS_Transmittance();
If source relative/absolute adjustment is needed
transmittance = Scale(transmittance, ...);
Endif

If spectralRange(transmittance) != spectralRange(source_PCC_illuminant)

172 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=0a63b2cbdb152bd11fea05a009222e34

A3.

IS0 20677:2019(E)

transmittance = Adjust_range(transmittance, spectralRange(source_PCC_illuminant));
Endif
radiance = Apply_illuminant(transmittance, source_PCC_illuminant);
If spectralRange(radiance) != spectralRange(source_PCC_observer)

radiance = Adjust_range(radiance, spectralRange(source_PCC_observer));

Endif
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If black point compensation adjustment is needed
XYZ=Scale_and_shift(XYZ, ...);
Endif
If sourcePCC_PCS != destinationPCS
If sourcePCS != standardPCS
XYZ = Apply_Tag(XYZ, source_PCC_customToStandardPCSTag);
Endif
If destinationPCS != standardPCS
XYZ = Apply_Tag(XYZ, destination_PCC_standardToCustomPCSTag)
Endif
Endif
If luminance matching is needed
XYZ = Scale(XYZ,source_luminance / destination_luminance)
Endif
If destination relative/absolute intent and/or black point compensation adjustmentlis needed
X¥Z='Scale_and_shift(XYZ, ...);
Endif:
Gouvert_to_PCSLab(XYZ);

b3 ¥ T - to-Reftect

The following pseudo-code describes this PCS conversion:

transmittance = Convert_from_PCS_Transmittance();
If source relative/absolute adjustment is needed
transmittance = Scale(transmittance, ...);
Endif
If spectralRange(transmittance) != spectralRange(destination_PCS)

transmittance = Adjust_range(transmittance, spectralRange(destination_PCS));
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Endif

If destination relative/absolute adjustment is needed
transmittance = Scale(transmittance, ...);

Endif

Convert_to_PCS_Reflectance(transmittance);

A.3.14 From Transmittance to Transmittance

The following pseudo-code describes this PCS conversion:
transmittance = Convert_from_PCS_Transmittance();
If source relative/absolute adjustment is needed
transmittance = Scale(transmittance, ...);
Endif
If spectralRange(transmittance) != spectralRange(destination_PCS]
transmittance = Adjust_range(transmittance, spectralRange(destination_PCS));
Endif
If destination relative/absolute adjustment is needed
transmittance = Scale(transmittance, ...);
Endif

Conyert_to_PCS_Transmittance(transmittance);

A.3.15 From Transmittance to Radiance

The following pseudo-code describes‘this PCS conversion:
transmittance = Convert{ftom_PCS_Reflectance();
If sojurce relative/absolute adjustment is needed

transmittance = Scale(transmittance, ...);

Endif

If speetralRange(transmittance) != spectralRange(source_PCC_illuminant)

transmittance = Adjust_range(transmittance, spectralRange(source_PCC_illuminant));
Endif
radiance = Applyllluminant(transmittance, source_PCC_illuminant);
If spectralRange(radiance) != spectralRange(destination_PCS)
radiance = Adjust_range(radiance, spectralRange(destination_PCS));
Endif
If destination relative/absolute adjustment is needed

radiance = Scale(radiance, ...);
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Endif

Convert_to_PCS_Radiance(radiance);

A.3.16 From Radiance to Lab
The following pseudo-code describes this PCS conversion:
radiance = Convert_from_PCS_Radiance();

If source relative/absolute adjustment is needed

radiance = Scale(radiance, ...);
Endif
If spectralRange(radiance) != spectralRange(source_PCC_observer)
radiance = Adjust_range(radiance, spectralRange(source_PCG_ebserver));
Endif
XYZ = Apply_intensity_observer(radiance, source_PCC_Obsetver);
If black point compensation adjustment is needed
XYZ=Scale_and_shift(XYZ, ...);
Endif
If sourcePCC_PCS != destinationPCS
If sourcePCS != standardPCS
XYZ = Apply_Tag(XYZ, source_PCC_customToStandardPCSTag);
Endif
If destinationPCSt= standardPCS
XYZ=Apply_Tag(XYZ, destination_PCC_standardToCustomPCSTag)
Endif
Endif
If luminance matching is needed

XYZ = Scale(XYZ, source_luminance / destination_luminance)

Endit

If destination relative/absolute intent and/or black point compensation adjustment is needed
XYZ = Scale_and_shift(XYZ, ...);

Endif

Convert_to_PCSLAB(XYZ);

A.3.17 From Radiance to XYZ
The following pseudo-code describes this PCS conversion:

radiance = Convert_from_PCS_Radiance();
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