International Color
Consortium

Profile Format

version 3.0 June 10, 1994

International Color Consortium
Adobe Systems Inc.
Agfa-Gevaert N.V.

Apple Computer, Inc.

Eastman Kodak Company
FOGRA (Honorary)

Microsoft Corporation

Silicon Graphics, Inc.

Sun Microsystems, Inc.

Taligent, Inc.



International Color Profile Format Specification Version 3.0 June 10, 1994

Copyright Notice

© 1994 Apple Computer, Inc. Permission to copy without fee all or part of this material
is granted provided that the copies are not made for direct commercial advantage or
distributed to another company and the Apple copyright notice appears. If the majority
of the document is copied or redistributed (within a single company), it must be
distributed verbatim, without repagination or reformatting. To copy otherwise requires
specific permission from Apple Computer, Inc.

Licenses and Trademarks

Apple is a registered trademark of Apple Computer, Inc.

Rather than put a trademark symbol in every occurrence of other trademarked names,
we state that we are using the names only in an editorial fashion, and to the benefit of
the trademark owner, with no intention of infringement of the trademark.



International Color Profile Format Specification Version 3.0 June 10, 1994

Contents
COPYIIGNT INOTICE. ... e bbb 2
Licenses and TrademMarksS. ..o 2
(O70] o1 (=] 01 XS F TP UPR TP 3
IR 1 01 0T [ [ 1 T o SRS 6
2 SUIMIMIAIY .ttt e bt e e ettt e e e bbb e e e e ab e e e e sbe e e e anbb e e e anbbeeeanbbeaeannbeeeaa 6
2.1 Intended AUIENCE ......cc.oiiiiiiieeeee e 6
2.2 Organizational Description of This Specification .............cccocevienene 6
2.3 International Color CONSOITIUM ........ccevviiieiiiiiiesc e 7
2.4 DeVICE ProfileS.......cociiiieiie e 7
2.5 COlOI SPACES ....eeiiiiiiiieeiete e 8
2.6 Profile CONNECLioON SPACES ......cccccvveiiieiier e 9
2.7 Profile EIemMeNnt StrUCTUIE........ccoiiiieieieecee e 11
2.8 Embedded Profiles........ccco i 12
2.9  Profile ClassifiCatioNs .........ccccoiiiieiiiieiee e 12
2.10 POSESCrIPL LEVEI 2 TAQS .ooveeveeiieeiiie ittt sttt 12
2.11 Redundant Data Arbitration ..........ccccceevviiieie e 13
2.13 Fixed PoOINt Math........cccccoiiiiiiic e 14
2.14 Big-ENndian NOTAtION........ccoiiiiiiiiieiieee e 14
2.15 Rendering INTENT ........ccoiiiiiiie s 14
3 Device Profile DeSCIIPLIONS ........ccoviiiiiicie et 15
31 INPUEPIOTHE. ..o 16
3.1.1 Monochrome INput Profiles ... 16
3.1.2 RGB INPUL Profiles........ceoiiiiiececcc st 16
3.1.3 CMYK INPUL ProfileS......ccoviiiiiiieiee e 17
3.2 Display Profile........cccoiiiiiiieiieee e 18
3.2.1 Monochrome Display Profiles .........ccccooviiiiii i 18
3.2.2 RGB Display Profiles.........cccoiiiiiiiiiieie e 18
3.3 OULPUL Profile......ceoiice e 20
3.3.1 Monochrome Output Profiles ..........ccccovviiiiii i 20
3.3.2 RGB and CMYK Output Profiles..........ccccceiiiiiiniiiiiniie e 20
4 Additional Profile FOrmats.........ccccooiiiiiiiiie e 22
4.1  DeVICELINK ProOfile ....ccovoiiiiiiei e 22
4.2  ColorSpaceConversion Profile..........ccccooiiiiiiiiiieee e, 23
4.3 ADSIraCt Profile.......cccooiiiiiiiece e 24
5 Tag DESCIIPLIONS ....ccuviiiieiiiicie ettt sttt et ae e e e sreenre e 25
5.1 ATOBOTAG -..eeeiieieiiieiii et 26
5.2 ATOBLTAG «ioveeiieiieiieieeit ettt 26
ST B N o= A I o [ R PRTRUPTPURPRRTTPN 26
5.4  DIUECOIOrANTTAG ..oveeveeiieiiieiie e 26
55  DIUETRCTAG. ... iiiiiiiiieiiieie e 27
5.6 BTOADTAQG .eoovieiieiiiiieieie sttt ettt st sbenne s 27
5.7 BTOALTAQ «veivieieiieitieiese sttt sttt ene et ane e nnenreas 27
5.8 BTOAZTAG - oveeiieiieitieite ettt bbbt 27
5.9 calibrationDateTimeTag .....ccccooveiieiieiie e 27
5.10 ChArTargetTag. . ..ceieeieeiieiieie ettt snee s 28



International Color Profile Format Specification Version 3.0 June 10, 1994

oI N R o010 )Y/ £ o] | i 1= o [P SRS 28
5.12 deVICEMIGDESCTAG ... .eoviiiieiiiiieie ettt 28
5.13 deVvIiCeEMOEIDESCTAG ......coveeeiiriieiesiieie et 28
ST o T-1 0 0 1 L 1= T PSP POUPR PSR 28
5.15 GraYTROCTAG . icieieieieiiieiiie ettt 29
5.16 greenColorantTag ......ccooovrieiiiieie e 29
ST Ao | (=<7 I o O =T TSP PRUPRPR 29
5.18 TUMINANCETAY .eeivveiieiitieiie ittt ettt snee s 29
5.19 MEASUIrEMENTTAG. ... cccveieiiieiie et 30
5.20 mediaBIackPOINtTag........cccccviiieiiieiieceese e 30
5.21 mediaWhitePOINTTAg........ccoiiiiiiiieiie e 30
522 NAMEACOIOITAG ..ooveviiiiiieie e 30
5.23 PreVIEWOTAQG ..ouvecveeiecie ettt ettt ste e sbaente e aeeaeeneanee s 30
5.24  PrEVIEWLTAQG .ooviiiiiieiie et see sttt sttt sttt et snee s 30
5.25 PreVIEWZ2TAQ . ooveeeiiiiiiiieiie ettt 31
5.26 profileDesCriptioNTag ......cccovveiieiieiieiie e 31
5.27 profileSequeNCEDESCTAG. ... .cccueieerirrieiiie et see e nree s 31
5.28 PS2CRDOTAYG. .. i iuveetieieeriiesire sttt 31
5.29 PS2CRDITAG.....cutiieieiiieiiiieniesieesie st esiesiee e sbe et st aeste et besneesbeenee e 31
5.30 PSZ2CRD2TAG. . eeeeueieiiiieaiie et ettt e re e sb et ane e sne e aneeas 32
5.31 PS2CRD3BTAG. . i cueeieieitieriieiie ettt 32
5.32 PS2CSATAYG. ... eeie ittt ettt 32
5.33 ps2RenderingINteNTTAQ .....cccveieeiiriieiie e 32
5.34  redColorantTag .....ccooeiieiiiiiieie e 33
I LT =T [ I 2 (O I Vo SRR RSPSSRN 33
5.36  SCre€NINGDESCTAG ...eciveevieiieieeiieie ettt snee s 33
5.37  SCrEENINGTAG .. iveevertieieitieiie ettt nbe e ne e 33
5.38 teChNOIOgYTag .....ooiieiiiecie e 34
5.39  UCIDOTAG oo 34
540 VIEWINGCONADESCTAG. ... ..ceruirieiiiiiiiiieie ettt 35
5.41 viewingCoNditiONSTaAG........cuciiieiiieiieiie e ese e 35
6 Tag TYPe DefiNITIONS.....c.cooiiiiiiieie et 36
6.1 CUNVETYPE oottt 36
I o b 17 U Y o 1= T USSR 37
6.3 dAtETIMETYPC. . snee s 37
6.4 TUELOTYPE ettt 38
B.5  TULBTYPE e 40
6.6  MEASUrEMENTTYPE ...ooiiiiiiiieie ettt 42
6.7  NAMEACOIOITYPE ..ot 44
6.8  profileSequUENCEDESCTYPE. .....ciiiiiiciiecie e 44
6.9  teXIDESCHIPLIONTYPE .ooiieiiiiieeiee ettt snee s 45
6.10 SISFIXEALBAITAYTYPE ..oviiiiiieieiiieie sttt 46
TN B T 1T o T [ o Y o 1= S USTSRRN 46
6.12  SIgNATUIETYPE. .. i iiieiie ettt ettt ettt nree s 47
B.13  TOXET Y P ittt 47
6.14 ULBFIXEALOAITAY TYPE. . ciiiiiieiiecieeie et e e ste e steesta e e st sra e e e snee s 47
6.15 UCTDGTYPE o 48
6.16  UINTIBATITAYTYPE .ooiiiieiieiieieeie et 48



International Color Profile Format Specification Version 3.0 June 10, 1994

6.17 UINT32ATTAY TYPE woeiiiiiiie ittt st 48
6.18 UINTBAATITAYTYPE ittt ettt ettt eeas 49
6.19 UINBAITAYTYPE ..ottt 49
6.20 VviewingConditioNSTYPE ...ccoviiiiiie e 49
B.21 XY ZTYPE wooiiitieie ettt sttt sttt sttt be et nbe et ebenre s 50
7 BaSIC NUMEIIC TYPES. ...ttt ittt bbbt sb e nee s 51
7.1 dateTIMENUMDET......cci i 51
7.2 SISFIXEdLONUMDET......cciiiiiie e 51
7.3 ULGFIXEALONUIMDEL .....cviiiiciece e 51
T4 UINTLONUMDET ...t e 51
7.5 UINE32ZNUMDET ... 52
7.6 UINTEANUMDET ...t 52
7.7 UINTBNUMDET ... 52
7.8 XYZINUMDET ..ottt 52
8 Tag Sequencing REQUITEMENTS. .......cooiiiiiiieiirieie e 53
8.1 Header DesCriPLiON.......ccccoiiiiiie e 55
9 Embedding Device Profiles within DOCUMENTS ..........cccocviiiiiinieiie e 58
TR A = [ SRRSO 58
0.2 EPS et 58
0.3 IR ot 58
Appendix A : C Header File EXample........coooooiiiiiiiiiiee s 60
APPENAIX B 1 7 BIt ASClI...oiiiieeee ettt 71
Appendix C : POSESCriPt LEVEl 2 TagS ....ccooveiiiiiieie e 72
Appendix D : Profile Connection Space EXplanation ............ccccooevinieneiinnennenn. 73
APPENIX E I REFEIENCES ..ot 82



International Color Profile Format Specification Version 3.0 June 10, 1994

1 Introduction

This specification describes the International Color Profile Format. The intent of this
format is to provide a cross-platform device profile format. Such device profiles can be
used to translate color data created on one device into another device’s native color
space. The acceptance of this format by operating system vendors allows end users to
transparently move profiles and images with embedded profiles between different
operating systems. For example, this allows a printer manufacturer to create a single
profile for multiple operating systems.

A large number of companies and individuals from a variety of industries
participated in very extensive discussions on these issues. Many of these discussions
occurred under the auspices of FOGRA, a German graphic arts research institute during
1993. The present specification evolved from these discussions and the ColorSync™ 1.0
profile format.

This is a very complex set of issues and the organization of this document strives
to provide a clear, clean, and unambiguous explanation of the entire format. To
accomplish this, the overall presentation is from a top-down perspective, beginning
with a summary overview and continuing down into more detailed specifications to a
byte stream description of format.

2 Summary

2.1 Intended Audience

This specification is designed to provide developers and other interested parties a clear
description of the profile format. A nominal understanding of color science is assumed,
such as familiarity with the CIELAB color space, general knowledge of device
characterizations and familiarity of at least one operating system level color
management system.

2.2 Organizational Description of This Specification

This specification is organized into a number of major sections and appendices. Each
section and subsection are numbered for easy reference. A brief introduction is
followed by a detailed summary of the issues involved in this document including, but
not limited to; International Color Consortium, device profiles, the profile connection
space (PCS), tagged element structure, embedded profiles, profile classifications, color
transformations, and color model arbitration. The third section on device profile
descriptions provides a top level view of what tags are required for each type of profile
classification and a brief description of the algorithmic models associated with these
classes. The fourth section describes four additional color transformation formats;
device link, color space conversion, abstract transformations, and named color
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transforms. The fifth section is a detailed algorithmic and intent description of all of the
tagged elements described in the previous sections. The sixth section provides a byte
stream definition of the structures that make up the tags in section five. The seventh
section describes a collection of building block numeric types. The eighth section
provides a detailed description of the actual profile format and tag sequence along with
a description of the profile header. The ninth section describes the necessary details to
embed profiles into PICT, TIFF, and EPS files. Appendix A provides cross-platform
ANSI-C compatible header file example for each of the device profile and color
transform formats. Appendix B specifies the 7-bit ASCII definition used in this
specification. Appendix C provides a general description of the ScriptCode definition.
Appendix D is a paper describing details of the profile connection space. Finally,
appendix E provides a set of references for this document.

2.3 International Color Consortium

Considering the potential impact of this standard on various industries, a consortium is
being formed that will administer this specification and the registration of tag
signatures and descriptions. The founding members of this consortium include; Adobe
Systems Inc., Agfa-Gevaert N.V., Apple Computer, Inc., Eastman Kodak Company,
FOGRA (Honorary), Microsoft Corporation, Silicon Graphics, Inc., Sun Microsystems,
Inc., and Taligent, Inc.. These companies have committed to fully support this
specification in their operating systems, platforms and applications. In addition to these
founding members, other companies that commit to support this specification will also
be invited to join as soon as the Consortium charter is finalized.

2.4 Device Profiles

Device profiles provide color management systems with the information necessary to
convert color data between native device color spaces and device independent color
spaces. This specification divides color devices into three broad classifications: input
devices, display devices and output devices. For each device class, a series of base
algorithmic models are described which performs the transformation between color
spaces. These models provide a range of color quality and performance results. Each of
the base models provides different trade-offs in memory footprint, performance and
image quality. The necessary parameter data to implement these models described in
the required portions on the appropriate device profile descriptions. This required data
provides the information for the color management framework default color
management module (CMM) to transform color information between native device
color spaces. A representative architecture using these components is illustrated in the
diagram below.
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2.5 Color Spaces

The International Color Profile Format supports a variety of both device-dependent and
device-independent color spaces divided into three basic families: 1) CIEXYZ based, 2)
RGB based, and 3) CMY based. The CIE color spaces are defined in CIE publication 14.2
on Colorimetry. A subset of the CIEXYZ based spaces are also defined as exchange
spaces. The device dependent spaces below are only representative and other device
dependent color spaces may be used without needing to update the profile format
specification or the software that uses it.

CIEXYZ
CIELAB

GRAY

RGB
HLS
HSV

CMYK
CMY

base CIE device-independent color space

monochrome device-dependent color space

base additive device-dependent color space

base subtractive device-dependent color space
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2.6  Profile Connection Spaces

A key component of these profiles is a well-defined profile connection space. This space
is the interface which provides an unambiguous connection between the input and
output profiles as illustrated in the diagram below. The profile connection space is
based on the CIE 1931 standard observer. This experimentally derived standard
observer provides a very good representation of the human visual system color
matching capabilities. Unlike device dependent color spaces, if two colors have the
same CIE colorimetry they will match if viewed under the same conditions. Because the
imagery is typically produced for a wide variety of viewing environments, it is
necessary to go beyond simple application of the CIE system.

Monitor
Based
RGB
Image

Printer
Based
CMYK
Image

Profile
Connection
Space

The profile connection space is defined as the CIE colorimetry which will
produce the desired color appearance if rendered on a reference imaging media and
viewed in a reference viewing environment. This reference corresponds to an ideal
reflection print viewed in an ANSI standard viewing booth. Profile builders should
read the Appendix "Connection Color Space for the Standard Profile Format" for further
details.

The default measurement parameters for the profile connection space and all
other color spaces defined in this specification are based on the ANSI CGATS.5-1993
standard, “Graphic technology - Spectral measurement and colorimetric computation
for graphic arts images.” Essentially this defines a standard illuminant of D50, the 1931
CIE standard observer, and 0/45 or 45/0 reflectance measurement geometry. The
reference viewing condition is ANSI PH2.30-1989, which is a D50 graphic arts viewing
environment.

One of the first steps in profile building involves measuring the colorimetry of a
set of colors from some imaging media or display. If the imaging media or viewing
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environment differ from the reference, it will be necessary to adapt the measured
colorimetry to that appropriate for the profile connection space. These adaptations
account for such differences as white point chromaticity and luminance relative to an
ideal reflector, maximum density, viewing surround, viewing illuminant, and flare.
Currently, it is the responsibility of the profile builder to do this adaptation.

However, the possibility of allowing a variable illuminant in the PCS is under
active consideration by the International Color Consortium. For this reason, a PCS
illuminant field is in the profile header, but must be set to the CIE IHluminant D50
[X=0.9642, Y=1.0000, Z=0.8249].

The PCS is based on relative colorimetry. This is in comparison to absolute
colorimetry. In absolute colorimetry colors are represented with respect to the
illuminant, for example D50. In relative colorimetry, colors are represented with respect
a combination of the illuminant and the media’s white, e.g. unprinted paper. The
translation from relative colorimetry XYZ data, XYZy to absolute colorimetric data,
XYZa, is given by

>
ks

0
R

o
DO
X

. <
Il
A
N
[ -IO=

N

I
DO
N
Q o

where XYZmwy represents the media’s white and XYZj represents the illuminant white.

The actual media and actual viewing conditions will typically differ from the
reference conditions. The profile specification defines tags which provide information
about the actual white point and black point of a given media or display. These tags
may be used by a CMM to provide functionality beyond that of the default. For
example, an advanced CMM could use the tags to adjust colorimetry based on the Dmin
of a specific media. A tag is also provided to describe the viewing environment. This
information is useful in choosing a profile appropriate for the intended viewing
method.

There are many ways of encoding CIE colorimetry. This specification provides
three methods in order to satisfy conflicting requirements for accuracy and storage
space. These encodings, an 8 bit/component CIELAB encoding, a 16 bit/component
CIELAB encoding, and a 16 bit/component CIEXYZ encoding are described in the table
below. The CIEXYZ space represents a linear transformation of the derived matching
responses and the CIELAB space represents a transformation of the CIEXYZ space into
one that is nearly perceptually uniform. This uniformness allows color errors to be
equally weighted throughout its domain. While supporting multiple CIE encodings
increases the complexity of color management, it provides immense flexibility in
addressing different user requirements such as color accuracy and memory footprint.

10
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Interchange Space | Component | Actual Range Encoded Range
CIE XYZ X 0 ->1.99997 0x0000 -> Oxffff
CIE XYZ Y 0 ->1.99997 0x0000 -> Oxffff
CIE XYZ V4 0 ->1.99997 0x0000 -> Oxffff
CIELAB (16 bit) L* 0->100.0 0x0000 -> Oxffff
CIELAB (16 bit) a* -128.0 -> + 127.996 | 0x0000 -> Oxffff
CIELAB (16 bit) b* -128.0 -> + 127.996 | 0x0000 -> Oxffff
CIELAB (8 bit) L* 0->100.0 0x00 -> Oxff

CIELAB (8 bit) a* -128.0-> +127.0 | 0x00 -> Oxff

CIELAB (8 bit) b* -128.0 -> +127.0 | Ox00 -> Oxff

An important point to be made is that the PCS is not necessarily intended for the
storage of images. A separate series of “interchange color spaces” may be defined in a
future version of this specification for this purpose. The design choices made for these
spaces (colorimetric encoding, reference media, viewing conditions, etc.) might be
different than that of the PCS.

2.7 Profile Element Structure

The profile structure is defined as a header followed by a tag table followed by a series
of tagged elements that can be accessed randomly and individually. This collection of
tagged elements provides three levels of information for developers: required data,
optional data and private data. An element tag table provides a table of contents for the
tagging information in each individual profile. This header includes a tag signature and
the beginning address offset and size of the data for each individual tagged element.
Signatures in this specification are defined as a four byte hexadecimal number. This
tagging scheme allows developers to read in the element tag table and then randomly
access and load into memory only the information necessary to their particular software
application. Since some instances of profiles can be quite large, this provides significant
savings in performance and memory. The detailed descriptions of the tags, along with
their intent are included later in this specification.

The required tags provide the complete set of information necessary for the
default CMM to translate color information between the profile connection space and
the native device space. Each profile class determines which combination of tags is
required. For example, a three dimensional lookup table is required for output devices,
but not for display devices.

In addition to the required tags for each device profile, a number of optional tags
are defined that can be used for enhanced color transformations. Examples of these tags
include PostScript Level 2 support, calibration support, and others. In the case of
required and optional tags, all of the signatures, an algorithmic description and intent
are registered with the International Color Consortium.

Private data tags allow CMM developers to add proprietary value to their
profiles. By registering just the tag signature and tag type signature, developers are

11
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assured of maintaining their proprietary advantages while maintaining compatibility
with the industry standard. However, the overall philosophy of this format is to
maintain an open, cross-platform standard, therefore the use of private tags should be
kept to an absolute minimum.

2.8 Embedded Profiles

In addition to providing a cross-platform standard for the actual disk-based profile
format, this specification also describes the convention for embedding these profiles
within graphics documents and images. Embedded profiles allow users to transparently
move color data between different computers, networks and even operating systems
without having to worry if the necessary profiles are present on the destination systems.
The intention of embedded profiles is to allow the interpretation of the associated color
data. Embedding specifications are described in section 10 of this document.

2.9 Profile Classifications

As stated previously, there are three basic classifications of device profiles: input,
display and output profiles. Within each of these classes there can be a variety of
subclasses, such as RGB scanners, CMYK scanners and many others. These basic classes
have the following signatures :

‘scnr’ input devices such as scanners and digital cameras,
‘mntr’ display devices such as CRTs and LCDs,
‘prtr’ output devices such as printers.

In addition to the three basic device profile classes, three additional color
processing profiles are defined. These profiles provide a standard implementation for
use by the CMM in general color processing or for the convenience of CMMs which
may use these types to store calculated transforms. These three profile classes are:
device link, color space conversion, and abstract profiles. Device link profiles provide a
mechanism in which to save and store a series of device profiles and non-device profiles
in a concatenated format as long as the series begins and ends with a device profile.
This is extremely useful for workflow issues where a combination of device profiles and
non-device profiles are used repeatedly. Color space conversion profiles are used as a
convenient method for CMMs to convert between different non-device color spaces.
Finally, the abstract color profiles provide a generic method for users to make subjective
color changes to images or graphic objects by transforming the color data within the
PCS. These profiles have the following signatures :

‘link’ device link profiles,
‘spac’ color space conversion profiles,
‘abst’ abstract profiles.

2.10 PostScript Level 2 Tags

The PostScript Level 2 tags are provided in order to control exactly the PostScript Level
2 operations that should occur for a given profile. These tags are only valid for
PostScript Level 2 (and conceivably future versions of PostScript) devices, and are not

12
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generally supported in PostScript Level 1 devices. In addition, some of the tags may
correspond to PostScript operations that are not supported in all PostScript Level 2
devices. Using such tags requires first checking for the available operators. All
operators described in the PostScript Language Reference Manual, second edition, are
available on all PostScript Level 2 devices. Documentation for extensions to PostScript
Level 2 are available through Adobe's Developer Support Organization. In addition,
guidelines for PostScript compatibility with this profile format are available. For details
of such operator support, compatibility guidelines, the PostScript Level 2 device
independent color model, or other PostScript related issues contact Adobe's Developer
Support Organization.

In general, there is a straightforward relationship between the profile's header
fields and tags, and these PostScript tags. It is anticipated that the various CMSs that
support this profile format will also provide support for these optional PostScript tags.
To verify such support contact the CMS vendors directly. In cases where such support
is provided, and the desired model of operations is the same for PostScript processing
as it is for CMS processing, these tags can be omitted, since all necessary information is
in the profile itself. In the case where such CMS support is in question or processing
different than that provided by an arbitrary CMS is desired, these tags can be populated
to provide exact control over the PostScript processing. For example, if private tags are
used in the profile to achieve a non-public type of processing on certain CMSs, such
processing can be achieved on a PostScript device by populating the appropriate
PostScript tags.

Some of the PostScript tags have a tag type of dataType. This is to match the
properties of the communications channel to the data in these tags. Encoding binary
data in dataType is recommended to save memory and/or reduce transmission times.
Applications and drivers may convert it to ASCII Coded PostScript, Binary Coded
PostScript, or Token Binary Coded PostScript or leave it in binary format to match the
requirements of the communications channel. Applications and drivers are responsible
for this potential conversion from binary data to channel compatible data. The data
should be encoded as ASCII in dataType in those cases where the amount of data is
relatively small or where the conversion from binary to channel compatible data is not
available.

The PostScript contained in these tags is not self evaluating - it simply provides
operands. These operands must be followed by operators like setcolorspace,
setcolorrendering, and findcolorrendering.

2.11 Redundant Data Arbitration

There are several methods of color rendering described in the following structures that
can function within a single CMM. If data for more than one method are included in
the same profile, the following selection algorithm should be used by the software
implementation: if an 8 bit or 16 bit lookup table is present, it should be used; if a
lookup table is not present (and not required), the appropriate default modeling
parameters are used. These default parameters are described later in this document.

13
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2.13 Fixed Point Math

Many of the tag types contain fixed point numbers. Several references can be found
(Knuth’s MetaFonts, etc.) illustrating the preferability of fixed point math to pure
floating point math in very structured circumstances.

2.14 Big-Endian Notation

All profile data must be encoded with the most significant byte first within the 16 and
32 bit quantities defined in the specification. This is commonly referred to as big-
endian.

2.15 Rendering Intent

Rendering intent specifies the style of reproduction to be used during the evaluation of
this profile in a sequence of profiles. It applies specifically to that profile in the
sequence and not to the entire sequence. Typically, the user or application will set the
rendering intent dynamically at runtime or embedding time.

14
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3  Device Profile Descriptions

This section provides a top level view of what tags are required for each type of profile
classification and a brief description of the algorithmic models associated with these
classes. This begins with a subsection describing common tags required of all three
device profiles, followed by a general description of each profile class and its required
tags. A general description for each tag is included in this section.

Note that these descriptions assume two things; every profile contains a header,
and may include additional tags beyond those listed as required in this section. The
explicitly listed tags are those which are required in order to comprise a legal profile of
each type.

In general, multi-dimensional tables refer to lookup tables with more than one
input component.

The intent of requiring tags with profiles is to provide a common base level of
functionality. If a custom CMM is not present, then the default CMM will have enough
information to perform the requested color transformations. The particular models
implied by the required data are also described below. While this data might not
provide the highest level of quality obtainable with optional data and private data, the
data provided is adequate for sophisticated device modeling.

Profile Tag Name Interpretation

Input Profile AToB0Tag none

Display Profile AToB0Tag none

Output Profile AToB0Tag perceptual rendering
Output Profile AToBl1Tag colorimetric rendering
Output Profile AToB2Tag saturation rendering
Input Profile grayTRCTag depends on intent
Display Profile grayTRCTag additive

Output Profile grayTRCTag subtractive
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3.1 Input Profile

This profile represents input devices such as scanners and digital cameras.

3.1.1 Monochrome Input Profiles

Tag Name General Description

profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display

grayTRCTag Gray tone reproduction curve (TRC)

mediaWhitePointTag Media XYZ white point

copyrightTag 7 bit ASCII profile copyright information

The mathematical model implied by this data is connection = grayTR( device].
This represents a simple tone reproduction curve adequate for most monochrome input
devices. The connection values in this equation should represent the achromatic
channel of the profile connection space. If the inverse of this is desired, then the

following equation is used, device = grayTRC *[connection].

Multidimensional tables are not allowed to be included in monochrome profiles.

3.1.2 RGB Input Profiles

Tag Name | General Description

profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display

redColorantTag Red colorant XYZ relative tristimulus values

greenColorantTag Green colorant XYZ relative tristimulus values

blueColorantTag Blue colorant XYZ relative tristimulus values

redTRCTag Red channel tone reproduction curve

greenTRCTag Green channel tone reproduction curve

blueTRCTag Blue channel tone reproduction curve

mediaWhitePointTag Media XYZ white point

copyrightTag 7 bit ASCII profile copyright information

The forward mathematical model implied by this data is :

linear, =redTRC[device, ]

linear ; = greenTRC[device ]

linear ; = blueTRC[ device, ]

connection,| |redColorant, greenColorant, blueColorant /|[linear |

connection, | =[redColorant, greenColorant, blueColorant,||linear
connection,| [redColorant, greenColorant, blueColorant,linearg
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This represents a simple linearization followed by a linear mixing model. The
three tone reproduction curves linearize the raw values with respect to the luminance
(Y) dimension of the CIEXYZ encoding of the profile connection space. The 3x3 matrix
converts these linearized values into XYZ values for the CIEXYZ encoding of the profile
connection space. The inverse model is given by the following equation,

. -1 .
linear,| [redColorant, greenColorant, blueColorant,| “|connection,
linear;| =|redColorant, greenColorant, blueColorant,| |connection,
linear;| |redColorant, greenColorant, blueColorant,| |connection,

device, =redTRC *[linear ]
device, = greenTRC "[linear ]

device,, = blueTRC *[linear ]

Only the CIEXYZ encoding of the profile connection space can be used with
matrix/ TRC models. A multidimensional table tag must be included if the CIELAB
encoding of the profile connection space is to be used.

3.1.3 CMYK Input Profiles

Tag Name General Description

profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display

AToB0Tag Device to PCS : 8 or 16 bit data

mediaWhitePointTag Media XYZ white point

copyrightTag 7 bit ASCII profile copyright information

The AToB0Tag represents a device model described by the Lut8Type or
Lutl6Types. This tag provides the parameter data for an algorithm that includes a set
of non-interdependent per-channel tone reproduction curves, a three dimensional
lookup table and a set of non-interdependent per-channel linearization curves. The
mathematical model implied by this data is described in detail in sections 6.4 and 6.5
that specify the general lookup table tag element structures.

This profile type can be used with a printer for space optimized embedding.
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3.2 Display Profile

This profile represents display devices such as monitors.

3.2.1 Monochrome Display Profiles

Tag Name General Description

profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display

grayTRCTag Gray tone reproduction curve

mediaWhitePointTag Media XYZ white point

copyrightTag 7 bit ASCII profile copyright information

The mathematical model implied by this data is connection = grayTR( device].
This represents a simple tone reproduction curve adequate for most monochrome input
devices. The connection values in this equation should represent the achromatic
channel of the profile connection space. If the inverse of this is desired, then the

following equation is used, device = grayTRC *[connection].

Multidimensional tables are not allowed to be included in monochrome profiles.

3.2.2 RGB Display Profiles

Tag Name | General Description
profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display
redColorantTag Relative XYZ values of red phosphor
greenColorantTag Relative XYZ values of green phosphor
blueColorantTag Relative XYZ values of blue phosphor
redTRCTag Red channel tone reproduction curve
greenTRCTag Green channel tone reproduction curve
blueTRCTag Blue channel tone reproduction curve
mediaWhitePointTag Media XYZ white point
copyrightTag 7 bit ASCII profile copyright information

This model is based on a three non-interdependent per-channel tone
reproduction curves to convert between linear and non-linear rgb values and a 3x3
matrix to convert between linear rgb values and relative XYZ values. The mathematical
model implied by this data is :
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linear, =redTRCI[in,]
linear ; = greenTRC[in,]
linear, = blueTRCin,]
redColorant, greenColorant, blueColorant, |linear |

Y|=|redColorant, greenColorant, blueColorant, |linear
Z| |redColorant, greenColorant, blueColorant, |linear,

This represents a simple linearization followed by a linear mixing model. The
three tone reproduction curves linearize the raw values with respect to the luminance
(Y) dimension of the CIEXYZ encoding of the profile connection space. The 3x3 matrix
converts these linearized values into XYZ values for the CIEXYZ encoding of the profile
connection space. The inverse model is given by the following equation,

. -1 .
linearg| |redColorant, greenColorant, blueColorant,| “|connection,
linear;| =|redColorant, greenColorant, blueColorant,| |connection,
lineary| |redColorant, greenColorant, blueColorant,| |connection,

device, =redTRC *[linear ]
device , = greenTRC "[linear 4]
device,, = blueTRC *[linear]
Only the CIEXYZ encoding of the profile connection space can be used with

matrix/ TRC models. A multidimensional table tag must be included if the CIELAB
encoding of the profile connection space is to be used.
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3.3  Output Profile

This profile represents output devices such as printers and film recorders. The LUT
tags that are required by the printer profiles contain either the 8 bit or the 16 bit LUTs
exclusively as described in the LUT tags. The bit precision supported must be
consistent for all of the LUT tags. The LUT algorithm for profile connection space to
device space transformations process data sequentially through a matrix, input tables, a
color LUT, and output tables.

3.3.1 Monochrome Output Profiles

Tag Name | General Description

profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display

grayTRCTag Gray tone reproduction curve

mediaWhitePointTag Media XYZ white point

copyrightTag 7 bit ASCII profile copyright information

The tone reproduction curve provides the necessary information to convert between a
single device channel and the CIEXYZ encoding of the profile connection space.

The mathematical model implied by this data is connection = grayTR( device].
This represents a simple tone reproduction curve adequate for most monochrome input
devices. The connection values in this equation should represent the achromatic
channel of the profile connection space. If the inverse of this is desired, then the

following equation is used, device = grayTRC *[connection].

Multidimensional tables are not allowed to be included in monochrome profiles.

3.3.2 RGB and CMYK Output Profiles

Tag Name General Description

profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display

AToB0Tag Device to PCS : 8 or 16 bit data: intent of 0

BToAOTag PCS to Device space : 8 or 16 bit data: intent of 0

gamutTag Out of Gamut: 8 or 16 bit data

AToBl1Tag Device to PCS : 8 or 16 bit data: intent of 1

BToAlTag PCS to Device space : 8 or 16 bit data: intent of 1

AToB2Tag Device to PCS : 8 or 16 bit data: intent of 2

BToA2Tag PCS to Device space : 8 or 16 bit data: intent of 2

mediaWhitePointTag Media XYZ white point

copyrightTag 7 bit ASCII profile copyright information
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These tags represent a device model described by the Lut8Type or Lutl6Types.
The intent values described in these tags directly correlate to the value of the rendering
intent header flag of the source profile in the color modeling session.

Rendering Intent Value
perceptual 0
relative colorimetric 1
saturation 2
absolute colorimetric 3

Each of the first three intents are associated with a specific tag. The fourth intent,
absolute colorimetry, is obtained by modifying the relative colorimetric intent tag based
on the values which are in the mediaWhitePointTag. It is permissible to reference the
same tag for all of these intents and to use the relative colorimetric intent tag when
absolute colorimetry is specified. This decision is left to the profile builder.

In essence, each of these tags provides the parameter data for an algorithm that
includes a 3x3 matrix, a set of non-interdependent per-channel tone reproduction
curves, a three dimensional lookup table and a set of non-interdependent per-channel
linearization curves. The algorithmic details of this model and the intent of each tag is
given later in sections 6.4 and 6.5 that specify the general lookup table tag element
structures.
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4  Additional Profile Formats
4.1 DeviceLink Profile

This profile represents a one-way link or connection between devices. It does not
represent any device model nor can it be embedded into images.

Tag Name General Description

profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display

AToB0Tag Actual transformation parameter structure (this is an

exclusive or) 8 or 16 bit data

profileSequenceDescTag | An array of descriptions of the profile sequence

copyrightTag 7 bit ASCII profile copyright information

The AToB0Tag represents a device model described by the Lut8Type or
Lutl6Types. This tag provides the parameter data for an algorithm that includes a 3x3
matrix, a set of non-interdependent per-channel tone reproduction curves, a three
dimensional lookup table and a set of non-interdependent per-channel linearization
curves. The algorithmic details of this model and the intent of each tag is given later in
sections 6.4 and 6.5 that specify the general lookup table tag element structures. This is
a pre-evaluated transform that cannot be undone.
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4.2  ColorSpaceConversion Profile

This profile provides the relevant information to perform a color space transformation
between the non-device color spaces and the PCS. It does not represent any device
model.

Tag Name General Description

profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display

BToAOTag Inverse transformation parameter structure (this is an
exclusive or) 8 or 16 bit data

AToB0Tag Actual transformation parameter structure (this is an
exclusive or) 8 or 16 bit data

mediaWhitePointTag Media XYZ white point

copyrightTag 7 bit ASCII profile copyright information

The AToB0Tag and BToAOTag represent a model described by the Lut8Type or
Lutl6Types. This tag provides the parameter data for an algorithm that includes a 3x3
matrix, a set of non-interdependent per-channel tone reproduction curves, a three
dimensional lookup table and a set of non-interdependent per-channel linearization
curves. The algorithmic details of this model and the intent of each tag is given later in
sections 6.4 and 6.5 that specify the general lookup table tag element structures.
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4.3 Abstract Profile

This profile represents abstract transforms and does not represent any device model.
Color transformations using abstract profiles are performed from PCS to PCS.

Tag Name | General Description

profileDescriptionTag Structure containing invariant and localizable versions of
the profile name for display

AToB0Tag Actual transformation parameter structure (this is an

exclusive or) 8 or 16 bit data

mediaWhitePointTag Media XYZ white point

copyrightTag 7 bit ASCII profile copyright information

The AToB0Tag represents a PCS to PCS model described by the Lut8Type or
Lutl6Types. This tag provides the parameter data for an algorithm that includes a 3x3
matrix, a set of non-interdependent per-channel tone reproduction curves, a three
dimensional lookup table and a set of non-interdependent per-channel linearization
curves. The algorithmic details of this model and the intent of each tag is given later in
sections 6.4 and 6.5 that specify the general lookup table tag element structures.
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5 Tag Descriptions

This section specifies the individual tags used to create all possible portable profiles in
the International Color Profile Format. The appropriate tag typing is indicated with
each individual tag description. Note that the signature indicates only the type of data
and does not imply anything about the use or purpose for which the data is intended.

In addition to the tags listed below, any of the previously defined tags in sections 3 and
4 on device profiles can also be used as optional tags if they are not used in the required
set for a particular profile.

Tag Name General Description

AToB0Tag Multidimensional transformation structure

AToBl1Tag Multidimensional transformation structure

AToB2Tag Multidimensional transformation structure

blueColorantTag Relative XYZ values of blue phosphor

blueTRCTag Blue channel tone reproduction curve

BToAOTag Multidimensional transformation structure

BToAlTag Multidimensional transformation structure

BToA2Tag Multidimensional transformation structure

calibrationDateTimeTag | Profile calibration date and time

charTargetTag Characterization target such as 1T8/7.2

copyrightTag 7 bit ASCII profile copyright information

deviceMfgDescTag displayable description of device manufacturer

deviceModelDescTag displayable description of device model

gamutTag Out of Gamut: 8 or 16 bit data

grayTRCTag Gray tone reproduction curve

greenColorantTag Relative XYZ values of green phosphor

greenTRCTag Green channel tone reproduction curve

luminanceTag Absolute luminance for emissive device

measurementTag Alternative measurement specification information

mediaBlackPointTag Media XYZ black point

mediaWhitePointTag Media XYZ white point

namedColorTag Dictionary for converting between named colors and
interchange or device color spaces

preview0Tag Preview transformation : 8 or 16 bit data

previewlTag Preview transformation : 8 or 16 bit data

preview2Tag Preview transformation : 8 or 16 bit data

profileDescriptionTag

profileSequenceDescTag

ps2CRD0Tag PostScript Level 2 color rendering dictionary: perceptual

ps2CRD1Tag PostScript Level 2 color rendering dictionary: colorimetric

ps2CRD2Tag PostScript Level 2 color rendering dictionary: saturation

ps2CSATag PostScript Level 2 color space array
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ps2RenderingintentTag | PostScript Level 2 Rendering Intent

redColorantTag Relative XYZ values of red phosphor

redTRCTag Red channel tone reproduction curve

screeningDescTag Screening attributes description

screeningTag Screening attributes such as frequency, angle and spot

technologyTag Device technology information such as LCD, CRT, Dye
Sublimation, etc.

ucrbgTag Under color removal curve

viewingCondDescTag Specifies viewing condition description

viewingConditionsTag | Specifies viewing condition parameters

5.1 AToB0Tag

Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘A2B0’ 0x41324230

Device to PCS: 8 bit or 16 bit data. The processing mechanisms are described in
sections 6.4 and 6.5.

5.2 AToBlTag
Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘A2B1’ 0x41324231

Device to PCS : 8 bit or 16 bit data. The processing mechanisms are described in
sections 6.4 and 6.5.

5.3 AToB2Tag
Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘A2B2’ 0x41324232

Device to PCS : 8 bit or 16 bit data. The processing mechanisms are described in
sections 6.4 and 6.5.

54 blueColorantTag
Tag Type : XYZType
Tag Signature : ‘bXYZ’ 0x6258595A

The relative XYZ values of blue phosphor or colorant.
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55 DblueTRCTag
Tag Type : curveType
Tag Signature : ‘bTRC’ 0x62545243

Blue channel tone reproduction curve. The first element represents no colorant (white)
or phosphors (black) and the last element represents 100 percent colorant (blue) or 100
percent phosphor (blue).

The count value specifies the number of entries in the curve table except as follows:
when count is 0, then a linear response (slope equal to 1.0) is assumed,
when count is 1, then the data entry is interpreted as a simple gamma value
(ranging from 0 to 8 in fixed unsigned 8.8 format), and
when count is 2, the entries are intepreted as the beginning and end points of
a line.

Gamma is interpreted canonically and NOT as an inverse.

5.6 BToAOTag
Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘B2A0’ 0x42324130

PCS to Device space : 8 bit or 16 bit data. The processing mechanisms are described in
sections 6.4 and 6.5.

5.7 BToAlTag
Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘B2A1’ 0x42324131

PCS to Device space : 8 bit or 16 bit data. The processing mechanisms are described in
sections 6.4 and 6.5.

5.8 BToAZ2Tag
Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘B2A2’ 0x42324132

PCS to Device space : 8 bit or 16 bit data. The processing mechanisms are described in
sections 6.4 and 6.5.

5.9 calibrationDateTimeTag
Tag Type : dateTimeType
Tag Signature : ‘calt’ 0x63616C74

Profile calibration date and time. Initially, this tag matches the contents of the

creationDateTime header flag. This allows applications and utilities to verify if this
profile matches a vendor’s profile and how recently calibration has been performed.
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5.10 charTargetTag
Tag Type : textType
Tag Signature : ‘targ’ 0x74617267

This tag contains the measurement data for a characterization target such as IT8.7/2.
This tag is provided so that distributed utilities can create transforms "on the fly" or
check the current performance against the original device performance. The tag embeds
the exact data file format defined in the ANSI or ISO standard which is applicable to the
device being characterized. Examples are the data formats described in ANSI 1T8.7/1-
1993 section 4.10, ANSI 1T8.7/2-1993 section 4.10 and ANSI IT8.7/3 section 4.10. Each
of these file formats contains an identifying character string as the first few bytes of the
format, allowing an external parser to determine which data file format is being used.
This provides the facilities to include a wide range of targets using a variety of
measurement specifications in a standard manner.

5.11 copyrightTag
Tag Type : textType
Tag Signature : ‘cprt’ 0x63707274

This tag contains the 7 bit ASCII text copyright information for the profile.

5.12 deviceMfgDescTag

Tag Type : textDescriptionType
Tag Signature : ‘dmnd’ 0x646D6E64

Structure containing invariant and localizable versions of the device manufacturer for
display. The content of this structure is described in section 6.9.

5.13 deviceModelDescTag
Tag Type : textDescriptionType
Tag Signature : ‘dmdd’ 0x646D6464

Structure containing invariant and localizable versions of the device manufacturer for
display. The content of this structure is described in section 6.9.

5.14 gamutTag
Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘gamt’ 0x67616D74

Out of Gamut tag : 8 bit or 16 bit data.
The processing mechanisms are described in sections 6.4 and 6.5.
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5.15 grayTRCTag
Tag Type : curveType
Tag Signature : ‘KTRC’ 0x6B545243

Gray tone reproduction curve. The tone reproduction curve provides the necessary
information to convert between a single device channel and the CIEXYZ encoding of the
profile connection space. The first element represents no colorant (white) or phosphors
(black) and the last element represents 100 percent colorant (black) or 100 percent
phosphor (white).

The count value specifies the number of entries in the curve table except as follows:
when count is 0, then a linear response (slope equal to 1.0) is assumed,
when countis 1, then the data entry is interpreted as a simple gamma value
(ranging from 0 to 8 in fixed unsigned 8.8 format), and
when count is 2, the entries are intepreted as the beginning and end points of
aline.
Gamma is interpreted canonically and NOT as an inverse.

5.16 greenColorantTag
Tag Type : XYZType
Tag Signature : ‘gXYZ’ 0x6758595A

Relative XYZ values of green phosphor or colorant.

5.17 greenTRCTag
Tag Type : curveType
Tag Signature : ‘gTRC’ 0x67545243

Green channel tone reproduction curve. The first element represents no colorant
(white) or phosphors (black) and the last element represents 100 percent colorant
(green) or 100 percent phosphor (green).

The count value specifies the number of entries in the curve table except as follows:
when count is 0, then a linear response (slope equal to 1.0) is assumed,
when countis 1, then the data entry is interpreted as a simple gamma value
(ranging from 0 to 8 in fixed unsigned 8.8 format), and
when count is 2, the entries are intepreted as the beginning and end points of
aline.
Gamma is interpreted canonically and NOT as an inverse.

5.18 luminanceTag
Tag Types : XYZType
Tag Signature : ‘lumi’ 0x6C756D69

Absolute tristimulus luminance of devices in candelas per meter squared.
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5.19 measurementTag
Tag Type : measurementType
Tag Signature : ‘meas’ 0x6D656173

Alternative measurement specification such as a D65 illuminant instead of the default
D50.

5.20 mediaBlackPointTag
Tag Type : XYZType
Tag Signature : ‘bkpt’ 0x626b7074

This tag specifies the media black point and is used for generating absolute colorimetry.
It is referenced to the profile connection space. If this tag is not present, it is assumed to
be (0,0,0).

5.21 mediaWhitePointTag
Tag Type : XYZType
Tag Signature : ‘wtpt’ Ox77747074

This tag specifies the media white point and is used for generating absolute colorimetry.
It is referenced to the profile connection space. If this tag is not present, it is assumed to
be the same as the illuminant in the header.

5.22 namedColorTag
Tag Type : namedColorType
Tag Signature : ‘ncol’ OX6E636F6C

Named color reference transformation for converting between named color sets and the
profile connection space or device color spaces.

5.23 preview(OTag
Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘pre0’ 0x70726530

Preview transformation from PCS to device space and back to the PCS : 8 bit or 16 bit
data. The processing mechanisms are described in sections 6.4 and 6.5.

5.24 previewlTag
Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘prel’ 0x70726531

Preview transformation from the PCS to device space and back to the PCS : 8 bit or 16
bit data. The processing mechanisms are described in sections 6.4 and 6.5.
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5.25 preview2Tag
Tag Types : lut8Type xor lutl6Type
Tag Signature : ‘pre2’ 0x70726532

Preview transformation from PCS to device space and back to the PCS : 8 bit or 16 bit
data. The processing mechanisms are described in sections 6.4 and 6.5.

5.26 profileDescriptionTag
Tag Type : textDescriptionType
Tag Signature : ‘desc’ 0x64657363

Structure containing invariant and localizable versions of the profile description for
display. This content of this structure is described in section 6.9. This invariant
description has no fixed relationship to the actual profile disk file name.

5.27 profileSequenceDescTag
Tag Type : profileSequenceDescType
Tag Signature : ‘pseq’ 0x70736571

Structure containing a description of the profile sequence from source to destination,
typically used with the devicelink profile. This content of this structure is described in
section 6.8.

5.28 ps2CRDO0Tag
Tag Type : dataType
Tag Signature : ‘psd0’ 0x70736430

PostScript Level 2 Type 1 color rendering dictionary (CRD) for the Perceptual rendering
intent. This tag provides the dictionary operand to the setcolorrendering operator. This
tag can be used in conjunction with the setcolorrendering operator on any PostScript
Level 2 device.

5.29 ps2CRD1Tag
Tag Type : dataType
Tag Signature : ‘psdl’ 0x70736431

PostScript Level 2 Type 1 CRD for the RelativeColorimetric rendering intent. This tag

provides the dictionary operand to the setcolorrendering operator. This tag can be used
in conjunction with the setcolorrendering operator on any PostScript Level 2 device.
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5.30 ps2CRD2Tag
Tag Type : dataType
Tag Signature : ‘psd2’ 0x70736432

PostScript Level 2 Type 1 CRD for the Saturation rendering intent. This tag provides
the dictionary operand to the setcolorrendering operator. This tag can be used in
conjunction with the setcolorrendering operator on any PostScript Level 2 device.

5.31 ps2CRD3Tag
Tag Type : dataType
Tag Signature : ‘psd3’ 0x70736433

PostScript Level 2 Type 1 CRD for the AbsoluteColorimetric rendering intent. This tag
provides the dictionary operand to the setcolorrendering operator. This tag can be used
in conjunction with the setcolorrendering operator on any PostScript Level 2 device.

5.32 ps2CSATag
Tag Type : dataType
Tag Signature : ‘ps2s’ 0x70733273

PostScript Level 2 color space array. This tag provides the array operand to the
setcolorspace operator. For color spaces that fit within the original PostScript Level 2
device independent color model no operator verification need be performed. For color
spaces that fit only within extensions to this model, operator verification is first
required. An example of this would be for Calibrated CMYK input color spaces which
are supported via an extension. In such cases where the necessary PostScript Level 2
support is not available, PostScript Level 1 color spaces, such as DeviceCMYK, can be
used, or the colors can be converted on the host using a CMS. In the latter case, the
PostScript Level 1 color operators are used to specify the device dependent (pre-
converted) colors. The PostScript contained in this tag expects the associated color
values instantiated either through setcolor or image to be in the range [0, 1].

5.33 ps2RenderinglintentTag
Tag Type : dataType
Tag Signature : ‘ps2i’ 0x70733269

PostScript Level 2 rendering intent. This tag provides the operand to the
findcolorrendering operator. findcolorrendering is not necessarily supported on all
PostScript Level 2 devices, hence its existence must first be established. Standard values
for ps2RenderingintentTag are RelativeColorimetric, AbsoluteColorimetric, Perceptual,
and Saturation. These intents are meant to correspond to the rendering intents of the
profile's header.
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5.34 redColorantTag
Tag Type : XYZType
Tag Signature : ‘rXYZ’ 0x7258595A

Relative XYZ values of red phosphor or colorant.

5.35 redTRCTag
Tag Type : curveType
Tag Signature : ‘rTRC’ 0x72545243

Red channel tone reproduction curve. The first element represents no colorant (white)
or phosphors (black) and the last element represents 100 percent colorant (red) or 100
percent phosphor (red).

The count value specifies the number of entries in the curve table except as follows:
when count is 0, then a linear response (slope equal to 1.0) is assumed,
when count is 1, then the data entry is interpreted as a simple gamma value
(ranging from 0 to 8 in fixed unsigned 8.8 format), and
when countis 2,  the entries are intepreted as the beginning and end points of
a line.
Gamma is interpreted canonically and NOT as an inverse.

5.36 screeningDescTag
Tag Type : textDescriptionType
Tag Signature : ‘scrd’ 0x73637264

Structure containing invariant and localizable versions of the screening conditions. This
content of this structure is described in section 6.9.

5.37 screeningTag
Tag Type : screeningType
Tag Signature : ‘scrn’ 0x7363726E

This tag contains screening information for a variable number of channels.
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5.38 technologyTag

Tag Type : signatureType

Tag Signature : ‘tech’ 0x74656368

Device technology information such as CRT, Dye Sublimation, etc.

The encoding is such that :

Technology signature hex signature
Film Scanner ‘fscn’ 0x6673636E
Reflective Scanner ‘rscn’ 0x7273636E
Ink Jet Printer ‘ijet’ 0X696A6574
Thermal Wax Printer ‘twax’ Ox74776178
Electrophotographic Printer ‘epho’ 0x6570686F
Electrostatic Printer ‘esta’ 0x65737461
Dye Sublimation Printer ‘dsub’ 0x64737562
Photographic Paper Printer ‘rpho’ 0x7270686F
Film Writer ‘fprn’ 0x6670726E
Video Monitor ‘vidm’ 0x76696460
Video Camera ‘vidc’ 0x76696463
Projection Television ‘pitv’ Ox706A7476
Cathode Ray Tube Display ‘CRT ¢ 0x43525420
Passive Matrix Display ‘PMD ¢ 0x504D4420
Active Matrix Display ‘AMD ¢ 0x414D4420
Photo CD ‘KPCD’ 0x4B504344
PhotolmageSetter ‘imgs’ 0x696D6773
Gravure ‘grav’ 0x67726176
Offset Lithography ‘offs’ OX6F666673
Silkscreen ‘silk’ 0x73696C6B
Flexography ‘flex’ 0x666C6578

5.39 ucrbgTag
Tag Type : ucrbgType
Tag Signature : ‘bfd’ 0x62666420

Under color removal and black generation specification. This tag contains curve

information for both under color removal and black generation in addition to a general
description. This content of this structure is described in section 6.15.
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5.40 viewingCondDescTag
Tag Type : textDescriptionType
Tag Signature : ‘vued’ 0X76756564

Structure containing invariant and localizable versions of the viewing conditions. This
content of this structure is described in section 6.9.

5.41 viewingConditionsTag
Tag Type : viewingConditionsType
Tag Signature : ‘view’ 0X76696577

Viewing conditions parameters.
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6 Tag Type Definitions

This section specifies the type and structure definitions used to create all of the
individual tagged elements in International Color Profile Format. The data type
description identifiers are indicated at the right margin of each data or structure
definition. An effort was made to make sure one-byte, two-byte and four-byte data lies
on one-byte, two-byte and four-byte boundaries respectively, this required occasionally
including extra spaces indicated with “reserved for padding” in some tag type
definitions. Value 0 is defined to be of “unknown value” for all enumerated data
structures.

All tags, including private tags, have as their first four bytes (0-3) a tag signature
(a 4 byte character sequence) to identify to profile readers what kind of data is 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 (4-7) are reserved for future
expansion and must be set to 0 in this version of the specification. Each new tag
signature and tag type signature must be registered with the International Color
Consortium in order to prevent signature collisions.

Where not specified otherwise, the low 16 bits of all 32 bit flags in the type
descriptions below are reserved for use by the International Color Consortium.

When 7 bit ASCII text representation is specified in types below, each individual

character is encoded in 8 bits with the high bit set to zero. The details are presented in
Appendix C.

6.1 curveType

The curveType contains a 4 byte count value and a one-dimensional table of 2 byte
values. The byte stream is given below.

byte(s) | content

0-3 ‘curv’ (0x63757276) type descriptor

4-7 reserved, must be setto 0

8-11 count value specifying number of entries that follow

12-end | actual curve values starting with the zeroth entry and ending with the entry
count-1.
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6.2 dataType

The dataType is a simple data containing structure that contains either 7 bit ASCII or
binary data, i.e.. textType data or transparent 8-bit bytes. The length of the string can
easily be obtained from the element size portion of the tag itself. If this type is used for
ASCII data, it must be terminated with a 0x00 byte.

byte(s) | content

0-3 ‘data‘ (0x64617461) type descriptor

4-7 reserved, must be setto 0

8-11 data flag, 0x00000000 represents ASCII data, 0x00000001 represents
binary data, other values are reserved for future use

12-n a string of count ASCII characters or count bytes (where count is
derived from the element size portion of the tag itself)

6.3 dateTimeType

This dateTimeType is a 12 byte value representation of the time and date. The actual
values are encoded as a dateTimeNumber described in section 7.

byte(s) | content Encoded As...

0-3 ‘dtim* (0x6474696D) type descriptor

4-7 reserved, must be setto 0

8-19 date and time dateTimeNumber
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6.4 lutl6Type

This structure converts an input color into an output color using tables with 16 bit
precision. This type contains four processing elements: a 3 by 3 matrix (only used when
the input color space has three components), a set of one dimensional input lookup
tables, a multidimensional lookup table, and a set of one dimensional output tables.
Data is processed using these elements via the following sequence:

(matrix) -> (1d input tables) -> (multidimensional lookup table) -> (1d output tables).

byte(s) content Encoded As...
0-3 ‘mft2* (0x6D667432) [multi-function

table with 2 byte precision] type

descriptor
4-7 reserved, must be setto 0
8 Number of Input Channels ulnt8Number
9 Number of Output Channels ulnt8Number
10 Number of CLUT grid points (identical | ulnt8Number

for each side)
11 Reserved for padding (required to be

0x00)
12-15 Encoded e00 parameter s15Fixed16Number
16-19 Encoded e01 parameter s15Fixed16Number
20-23 Encoded e02 parameter s15Fixed16Number
24-27 Encoded el0 parameter s15Fixed16Number
28-31 Encoded ell parameter s15Fixed16Number
32-35 Encoded el2 parameter s15Fixed16Number
36-39 Encoded e20 parameter s15Fixed16Number
40-43 Encoded e21 parameter s15Fixed16Number
44-45 Encoded e22 parameter s15Fixed16Number
46-47 Number of input table entries ulntl6Number
48-49 Number of output table entries ulntl6Number
50-n input tables
n+1-m CLUT values
m+1-0 output tables

The input, output and CLUT tables are arrays of 16 bit unsigned values. Each
input table consists of up to 4096 two byte integers. Each input table entry is
appropriately normalized to the range 0-65535. The inputTable is of size InputChannels
* inputTableEntries * 2 bytes. When stored in this tag, the one-dimensional lookup
tables are assumed to be packed one after another in the order described below.

The matrix is organized as an 3 by 3 array. The dimension corresponding to the
matrix rows varies least rapidly and the dimension corresponding to the matrix
columns varies most rapidly and is shown in matrix form below. Each matrix entry is a
four byte number with one sign bit, 15 integer bits, and 16 fractional bits.
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€00 e0l e02
el0 ell el2
€20 e21 e22

When using the matrix of an output profile, and the input data is XYZ, we have

X¢ XX XY
Y¢=|1YX YY YZ|Y
24 |ZX 2Y ZZ||Z

Each input X, Y or Z is an unsigned 1.15 number and each matrix entry is a
signed 15.16 number. Therefore, each multiplication in the matrix multiply is 1.15*
$15.16 = s16.31 and the final sum is also s16.31. From this sum we take bits 31-16 as the
unsigned integer result for X', Y', or Z'. These are then used as the inputs to the input
tables of the multidimensional LUT. This normalization is used since the number of
fractional bits in the input data must be maintained by the matrix operation.

The matrix is mandated to be an identity matrix for output profiles when the
profile connection space is encoded using CIELAB.

Each CLUT is organized as an n-dimensional array with a given number of grid
points in each dimension, where n is the number of input channels(input tables) in the
transform. The dimension corresponding to the first input channel varies least rapidly
and the dimension corresponding to the last input channel varies most rapidly. Each
grid point value contains m two byte integers, where m is the number of output
functions. The first sequential two byte integer of the entry contains the function value
for the first output function, the second sequential two byte integer of the entry contains
the function value for the second output function, and so on until all the output
functions have been supplied. The equation for computing the size of the CLUT is :

CLUTsize = LUTDimensions™"“"*™". OutputChannels- 2bytes.

Each output table consists of up to 4096 two byte integers. The outputTable is of
size OutputChannels * outputTableEntries * 2 bytes. When stored in this tag, the one-
dimensional lookup tables are assumed to be packed one after another in the order
described in the following paragraph.

When using this type, it is necessary to assign each color space component to an
input and output channel. The following table shows these assignments. The channels
are numbered according to the order in which their table occurs. Note that additional
color spaces can be added simply by defining the signature, channel assignments, and
creating the tables.
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Color Space Channel 1 Channel 2 Channel 3 Channel 4
‘XYZ’ X Y Z

‘Lab’ L a b

‘Luv’ L u \Y;

‘YCbr’ Y Cb Cr

YxXy’ Y X Yy

‘RGB’ R G B

‘GRAY’ K

‘HSV’ H S \Y/

‘HLS’ H L S

‘CMYK’ C M Y K
‘CMY’ C M Y

6.5 lut8Type

This structure converts an input color into an output color using tables of 8 bit

precision.

This type contains four processing elements: a 3 by 3 matrix (only used

when the input color space has three components), a set of one dimensional input
lookup tables, a multidimensional lookup table, and a set of one dimensional output
tables. Data is processed using these elements via the following sequence:

(matrix) -> (1d input tables) -> (multidimensional lookup table) -> (1d output tables).

byte(s) content Encoded As...
0-3 ‘mftl* (0x6D667431) [multi-function table

with 1 byte precision] type descriptor
4-7 reserved, must be setto 0
8 Number of Input Channels ulnt8Number
9 Number of Output Channels ulnt8Number
10 Number of CLUT grid points (identical for ulnt8Number

each side)
11 Reserved for padding (fill with 0x00)
12-15 Encoded e00 parameter s15Fixed16Number
16-19 Encoded e01 parameter s15Fixed16Number
20-23 Encoded e02 parameter s15Fixed16Number
24-27 Encoded el0 parameter s15Fixed16Number
28-31 Encoded ell parameter s15Fixed16Number
32-35 Encoded el2 parameter s15Fixed16Number
36-39 Encoded e20 parameter s15Fixed16Number
40-43 Encoded e21 parameter s15Fixed16Number
44-47 Encoded e22 parameter s15Fixed16Number
48-m input tables
m+1-n CLUT values
n+1-o0 output tables
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The input, output and CLUT tables are arrays of 8 bit unsigned values. Each
input table consists of 256 one byte integers. Each input table entry is appropriately
normalized to the range 0-255. The inputTable is of size InputChannels * 256 bytes.
When stored in this tag, the one-dimensional lookup tables are assumed to be packed
one after another in the order described below.

The matrix is organized as a 3 by 3 array. The dimension corresponding to the
matrix rows varies least rapidly and the dimension corresponding to the matrix
columns varies most rapidly and is shown in matrix form below.

e00 e0l e02
el0 ell el2?
e20 e21 e22

When using the matrix of an output profile, and the input data is XYZ, we have

X¢ | XX XY
Y¢=[YX YY YZ|Y
24 |ZX 2ZY ZZ||Z

Each input X, Y or Z is an unsigned 1.15 number and each matrix entry is a
signed 15.16 number. Therefore, each multiplication in the matrix multiply is 1.15*
s15.16 = s16.31 and the final sum is also s16.31. From this sum we take bits 31-16 as the
unsigned integer result for X', Y', or Z'. These are then scaled to the range 0-255 and
used as the inputs to the input tables of the multidimensional LUT. This normalization
is used since the number of fractional bits in the input data must be maintained by the
matrix operation.

The matrix is mandated to be an identity matrix for input and display profiles.
In addition, the matrix is mandated to be an identity matrix for output profiles when the
profile connection space is encoded using CIELAB.

Each CLUT is organized as an n-dimensional array with a variable number of
grid points in each dimension, where n is the number of input channels(input tables) in
the transform. The dimension corresponding to the first input channel varies least
rapidly and the dimension corresponding to the last input channel varies most rapidly.
Each grid point value is an m-byte array. The first sequential byte of the entry contains
the function value for the first output function, the second sequential byte of the entry
contains the function value for the second output function, and so on until all the output
functions have been supplied. The equation for computing the size of the CLUT is :

CLUTsize = LUTDimensions ™" QutputChannelsbytes .

Each output table consists of 256 one byte integers. The outputTable is of size
OutputChannels * 256 bytes. When stored in this tag, the one-dimensional lookup
tables are assumed to be packed one after another in the order described in the
following paragraph.
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When using this type, it is necessary to assign each color space component to an
input and output channel. The following table shows these assignments. The channels
are numbered according to the order in which their table occurs. Note that additional
color spaces can be added simply by defining the signature, channel assignments, and
creating the tables.

Color Space Channel 1 Channel 2 Channel 3 Channel 4
‘XYZ’ X Y Z

‘Lab’ L a b

‘Luv’ L u \Y;

Yxy’ Y X y

‘YCbr’ Y Cb Cr

‘RGB’ R G B

‘GRAY’ K

‘HSV’ H S \Y/

‘HLS’ H L S

‘CMYK’ C M Y K
‘CMY’ C M Y

6.6 measurementType

The measurementType information refers only to the internal profile data and is meant
to provide profile makers an alternative to the default measurement specifications.

byte(s) | content Encoded As...

0-3 ‘meas’ (0x6D656173) type descriptor

4-7 reserved, must be setto 0

8-11 encoded value for standard observer see below

12-23 encoded XYZ tristimulus values for measurement XYZNumber
backing

24-27 encoded value for measurement geometry see below

28-31 encoded value for measurement flare see below

32-35 encoded value for standard illuminant see below

The encoding for the standard observer field is such that :

Standard Observer | Encoded Value
unknown 0x00000000
1931 2° Observer 0x00000001
1964 10° Observer 0x00000002
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The encoding for the measurement geometry field is such that :

Geometry Encoded Value
unknown 0x00000000
0/45 or 45/0 0x00000001
0/d or d/0 0x00000002

The encoding for the measurement flare value

Tristimulus Value

Encoded Value

0 (0 %)

0x00000000

is such that :

1.0 (or 100 %)

0x00010000

The encoding for the standard illuminant field

Standard llluminant

Encoded Value

is such that :

unknown 0x00000000
D50 0x00000001
D65 0x00000002
D93 0x00000003
F2 0x00000004
D55 0x00000005
A 0x00000006
Equi-Power (E) 0x00000007
F8 0x00000008
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6.7 namedColorType

This namedColorType is a count value and array of structures that provide color
coordinates for 7 bit ASCII color names. This provides users the ability to create a logo
color dictionary between a named color set and a space color specification. The color
space is identified by the "color space of data" field of the profile header. In order to
maintain maximum portability it is strongly recommended that special characters of the
7 bit ASCII set not be used.

byte(s) content Encoded As...

0-3 ‘ncol’ (Ox6E636F6C) type descriptor

4-7 reserved, must be setto 0

8-11 vender specific flag (lower 16 bits reserved for
Consortium use)

12-15 count of named colors ulnt32Number

15-t prefix for each color name (maximum of 32
bytes) 7 bit ASCII , 0 terminated

t+1-u suffix for each color name (maximum of 32
bytes) 7 bit ASCII , 0 terminated

u+l-v first color root name (maximum of 32 bytes) 7 bit
ASCII , 0 terminated

v+1-w first name's color coordinates. Color space of
data

wW+1-x second color root name (maximum of 32 bytes) 7
bit ASCII , 0 terminated

X+1-y second name's color coordinates. Color space of
data

y+1-z the remaining count-2 name structures as
described in the first two name structures
(assuming count > 2)

6.8 profileSequenceDescType

This type is an array of structures, each of which contains information from the header
fields and tags from the original profiles which were combined to create the final
profile. The order of the structures is the order in which the profiles were combined
and includes a structure for the final profile. This provides a description of the profile
sequence from source to destination, typically used with the devicelink profile.

byte(s) | content

0-3 ‘pseq’ (0x70736571) type descriptor

4-7 reserved, must be setto 0

8-11 count value specifying number of description structures in the array
12-m ‘count’ profile description structures
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Each profile description structure has the format:

byte(s) | content

0-3 Device manufacturer signature (from corresponding profile’s header)
4-7 Device model signature (from corresponding profile’s header)
8-15 Device attributes (from corresponding profile’s header)

16-19 Device technology information such as CRT, Dye Sublimation, etc.
(corresponding profile’s technologyTag)

20-m displayable description of device manufacturer (corresponding profile’s
deviceMfgDescTag)

m+1- n | displayable description of device model (corresponding profile’s
deviceMfgDescTag)

6.9 textDescriptionType

The textDescriptionType is a complex structure that contains three types of text
description structures: 7 bit ASCII, Unicode and ScriptCode. Since no single standard
method for specifying localizable character sets exists across the major platform
vendors, including all three provides access for the major operating systems. The 7 bit
ASCII description is to be an invariant, nonlocalizable name for consistent reference. It
is preferred that both the Unicode and ScriptCode structures be properly localized.

If both Unicode and ScriptCode structures cannot be localized, then the follow
guidelines should be used. If Unicode is not native on the platform, then the Unicode
should be filled in as 0 and ASCII data inserted in the text field. If the ScriptCode is not
native on the platform, then the ScriptCode should be filled in as 0 and the ASCII data
inserted in the text field.

byte(s) | content

0-3 ‘desc’ (0x64657363) type descriptor

4-7 reserved, must be setto 0

8-11 7 bit ASCII invariant Profile description count, including terminating
null (description length)

12-n-1 7 bit ASCII invariant Profile description

n-n+3 Unicode language code

n+4-n+7 Unicode localizable Profile description count (description length )

n+8-m-1 Unicode localizable Profile description

m-m+1 ScriptCode code

m+2 Localizable Macintosh Profile description count (description length)

m+3-m+69 Localizable Macintosh Profile description
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6.10 sl15Fixed16ArrayType

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.

byte(s) | content

0-3 ‘sf32* (0x73663332) type descriptor
4-7 reserved, must be setto 0

8-n an array of s15Fixed16Number values

6.11 screeningType

The screeningType describes various screening parameters including screen frequency,
screening angle, and spot shape.

byte(s) | content | Encoded As...
0-3 ‘scrn’ (0x7363726E) type descriptor
4-7 reserved, must be setto 0

8-11 screening flag

12-15 number of channels

16-19 channel #1 frequency s15Fixed16Number
20-23 channel #1 screen angle s15Fixed16Number
24-27 channel #1 spot shape see below

28-n frequency, screen angle and spot shape for

additional channels

Flag encoding is such that :

Attribute | bit position
Use Printer Default Screens (true is 1) 0
Lines/Inch (onis 1) or Lines/cm (off is 0) 1

Spot function encoding is such that :

Spot Function Value | Encoded Value

unknown

printer default

round

diamond

ellipse

line

square

~N| OOl Bl W N RO

Cross
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6.12 signatureType

The signatureType contains a four byte sequence used for signatures. Typically this
type is used for tags that need to be registered and can be displayed on many
development systems as a sequence of four characters. Sequences of less than four
characters are padded at the end with spaces.

byte(s) | content

0-3 ‘sig ‘ (0x73696720) type descriptor
4-7 reserved, must be set to 0

8-11 four byte signature

6.13 textType

The textType is a simple text structure that contains a 7 bit ASCII text string. The length
of the string can easily be obtained from the element size portion of the tag itself. This
string must be terminated with a 0x00 byte.

byte(s) | content

0-3 ‘text’ (0x74657874) type descriptor

4-7 reserved, must be setto 0

8-n a string of count ASCII characters (where count is derived from the element
size portion of the tag itself)

6.14 ul6Fixedl6ArrayType

This type represents an array of generic 4 byte/32 bit quantity. The number of values is
determined from the size of the tag.

byte(s) | content

0-3 ‘uf32* (0x75663332) type descriptor
4-7 reserved, must be setto 0

8-n an array of ul6Fixed16Number values
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6.15 ucrbgType

This type contains curves representing the under color removal and black generation
and a text string which is a general description of the method used for the ucr/bg.

byte(s) | content

0-3 ‘bfd’ (0x62666420) type descriptor

4-7 reserved, must be setto 0

8-11 count value specifying number of entries in the ucr curve

12-m actual ucr curve values starting with the zeroth entry and ending with the
entry count-1. Each value is a ulntl6Number. If the count is 1, the value is a
percent.

m+1 - n | count value specifying number of entries in the bg curve

n+1-o0 [actual bg curve values starting with the zeroth entry and ending with the
entry count-1. Each value is a ulntl6Number. If the count is 1, the value is a
percent.

o+l -p |astring of ASCII characters, with a null terminator.

6.16 ulntl6ArrayType

This type represents an array of generic 2 byte/16 bit quantity. The number of values is
determined from the size of the tag.

byte(s) | content

0-3 ‘uil6’ (0x75693136) type descriptor
4-7 reserved, must be setto 0

8-n an array of unsigned 16 bit integers

6.17 ulnt32ArrayType

This type represents an array of generic 4 byte/32 bit quantity. The number of values is
determined from the size of the tag.

byte(s) | content

0-3 ‘ui32° (0x75693332) type descriptor
4-7 reserved, must be setto 0

8-n an array of unsigned 32 bit integers
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6.18 ulnt64ArrayType

This type represents an array of generic 8 byte/64 bit quantity. The number of values is
determined from the size of the tag.

byte(s) | content

0-3 ‘ui64’ (0x75693634) type descriptor
4-7 reserved, must be setto 0

8-n an array of unsigned 64 bit integers

6.19 ulnt8ArrayType

This type represents an array of generic 1 byte/8 bit quantity. The number of values is
determined from the size of the tag.

byte(s) | content

0-3 ‘ui08* (0x75693038) type descriptor
4-7 reserved, must be setto 0

8-n an array of unsigned 8 bit integers

6.20 viewingConditionsType

This type represents a set of viewing condition parameters including: absolute
illuminant white point tristimulus values and absolute surround tristimulus values.

byte(s) | content | Encoded As...

0-3 ‘view* (0x76696577) type descriptor

4-7 reserved, must be set to 0

8-19 absolute XYZ value for illuminant in cd/m?2 XYZNumber

20-31 absolute XYZ value for surround in cd/m?2 XYZNumber

32-35 illuminant type as described in
measurementType
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6.21 XYZType

The XYZType contains an array of three encoded values for the XYZ tristimulus values.
The number of sets of values is determined from the size of the tag. The byte stream is

given below. Tristimulus values must be non-negative, the signed encoding allows for

implementation optimizations by minimizing the number of fixed formats.

byte(s) | content Encoded As...
0-3 ‘XYZ * (0x58595A20) type descriptor

4-7 reserved, must be setto 0

8-n an array of XYZ numbers XYZNumber
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7  Basic Numeric Types

7.1 dateTimeNumber

This dateTimeNumber is a 12 byte value representation of the time and date. The actual
values are encoded as 16 bit unsigned integers.

byte(s) | content

0-1 number of the year (actual year, i.e. 1994)
2-3 number of the month (1-12)

4-5 number of the day of the month ( 1-31)

6-7 number of hours (0-23)

8-9 number of minutes (0-59)

10-11 number of seconds (0-59)

7.2 sl15Fixed16Number

This type represents a fixed signed 4 byte/32 bit quantity which has 16 fractional bits.

The encoding is such that : s15.16

Tristimulus Value

Encoded Value

-32768.9999 OXFFFFFff
0 0x00000000
1.0 0x00010000
32767.9999 OX7fFfffff

7.3 ul6Fixed1l6Number

This type represents a fixed unsigned 4 byte/32 bit quantity which has 16 fractional bits.

The encoding is such that : u16.16

Tristimulus Value

Encoded Value

0 0x00000000
1.0 0x00010000
65535.9999 i

7.4 ulntl6Number

This type represents a generic unsigned 2 byte/16 bit quantity.
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7.5 ulnt32Number

This type represents a generic unsigned 4 byte/32 bit quantity.

7.6  ulnt64Number

This type represents a generic unsigned 8 byte/64 bit quantity.

7.7 ulnt8Number

This type represents a generic unsigned 1 byte/8 bit quantity.

7.8 XYZNumber

This type represents a set of three fixed signed 4 byte/32 bit quantity. The byte stream
is given below. Tristimulus values must be non-negative. The

signed encoding allows for implementation optimizations by minimizing the

number of fixed formats.

byte(s) | content Encoded As...

0-3 encoded X value s15Fixed16Number
4-7 encoded Y value s15Fixed16Number
8-11 encoded Z value s15Fixed16Number
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8 Tag Sequencing Requirements

The header is the first element in the file structure encompassing the first 128 bytes.
This is immediately followed by the tag table. Tag data elements make up the rest of
the file structures. There may be any number of tags and no particular order is required
for the data of the tags . Each tag may have any size (up to the limit imposed by the 32
bit offsets). Exactly which tags are required or optional with which profiles have been
described in section 3 on Device Profiles.

All tag data is required to start on a 4-byte boundary (relative to the start of the
profile header) so that a tag starting with a long will be properly aligned without the tag
handler needing to know the contents of the tag. This means that the low 2 bits of the
beginning offset must be 0. The element size should be for actual data and must not
include padding at the end of the tag data.

Device Profile and Color Transforms Tag Sequence :

header (as described below)

tag table

(all other tag data elements)

The tag table acts as a table of contents for the tags and tag element data in the
profiles. The first four bytes contain a count of the number of tags in the table itself.
The tags within the table are not required to be in any particular order.

Individual Tag Structures Within Tag Table

byte(s) | content

0-3 tag signature

4-7 offset to beginning of tag data

8-11 element size for the number of bytes in the tag data element
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8.1 Header Description

This header provides a set of parameters at the beginning of the profile format. For
color transformation profiles, the device profile dependent fields are set to zero if
irrelevant. Having a fixed length header allows for performance enhancements in the
profile searching and sorting operations.

byte(s) | content Encoded As...
0-3 Profile size

4-7 Identifies the preferred CMM to be used.

8-11 Profile version number see below

12-15 Profile/Device class

16-19 Color space of data (possibly a derived space) [i.e. “the | see below
canonical input space”]

20-23 Profile connection space [i.e. “the canonical output
space”]

24-35 Date and time this profile was first created dateTimeNumber

36-39 ‘acsp’ (0x61637370) profile file signature

40-43 Primary platform target for the profile

44-47 Flags to indicate various options for the CMM such as | see below
distributed processing and caching options

48-51 Device manufacturer of the device for which this profile
is created

52-55 Device model of the device for which this profile is
created

56-63 Device attributes unique to the particular device setup | see below
such as media type

64-67 Specifies the rendering intent of this profile for the see below
CMM. Perceptual, relative colorimetric, saturation and
absolute colorimetric are the four intents required to be
supported with default values of 0, 1, 2 and 3
respectively.

68-79 The XYZ values of the illuminant of the profile XYZNumber
connection space. This must correspond to D50. Itis
explained in more detail in section 2.

80-127 | 48 bytes reserved for future expansion

CMMType :

Identifies the preferred CMM to be used. The signatures must be registered in order to
avoid conflicts.

Profile Version:
Profile version number where the first 8 bits are the major version number and the next
8 bits are for the minor version number. The major and minor version numbers are set
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by the International Color Consortium and will match up with the profile format
revisions. The current version number is 0x02 with a minor version number of 0x00.

The encoding is such that :

Bytes content

0 Major Revision in BCD

1 Minor Revision & Bug Fix Revision in each nibble in BCD
2 reserved, must be setto 0

3 reserved, must be setto 0

Major version change can only happen if there is an incompatible change. An example
of a major version change may be the addition of new required tags. Minor version
change can happen with compatible changes. An example of a minor version number
change may be the addition of new optional tags.

Color Space Signatures :
The encoding is such that :

Color Space Signature hex encoding
XYZData ‘XYz* 0x58595A20
labData ‘Lab 0x4C616220
luvData ‘Luv ‘ 0x4C757620
YCbCrData ‘YCbr 0x59436272
YxyData YXy 0x59787920
rgbData ‘RGB * 0x52474220
grayData ‘GRAY’ 0x47524159
hsvData ‘HSV * 0x48535620
hisData ‘HLS * 0x484C5320
cmykData ‘CMYK’ 0x434D594B
cmyData ‘CMY 0x434D5920

Profile Connection Space Signatures :
The encoding is such that :

Profile Connection Color Space Signature hex encoding
XYZData ‘XYyz* 0x58595A20
labData ‘Lab‘ 0x4C616220
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Primary Platform Flag :
Flags to indicate the primary platform/operating system framework for which the
profile was created.

The encoding is such that :

Primary Platform Signature hex encoding
Apple Computer, Inc. ‘APPL 0x4150504C
Microsoft Corporation ‘MSFT * 0x4D534654
Silicon Graphics, Inc. ‘SGI ¢ 0x53474920
Sun Microsystems, Inc. ‘SUNW * 0x53554E57
Taligent, Inc. ‘TGNT * 0x54474E54
ProfileFlags :

Flags to indicate various hints for the CMM such as distributed processing and caching
options. The first 16 bits (low word in big-endian notation) are reserved for the Profile
Consortium.

The encoding is such that :

Flags | bit position
Embedded Profile (0 if not embedded, 1 if 0
embedded in file)

Profile cannot be used independently from the 1
embedded color data (set to 1 if true, O if false)

Renderingintent:

Rendering intent of this profile for the CMM. Perceptual, relative colorimetric,
saturation and absolute colorimetric are the four intents required to be supported. The
first 16 bits worth of numbers are reserved for the Profile Consortium.

The encoding is such that :

Rendering Intent value
Perceptual 0
Relative Colorimetric 1
Saturation 2
Absolute Colorimetric 3

Attributes:
Attributes unique to the particular device setup such as media type. The first 16 bits are
reserved for the Profile Consortium.

The encoding is such that (with “on” having value 1 and “off”” having value 0) :

Attribute bit position

Reflective (off) or Transparency (on) 0

Glossy (off) or Matte (on) 1
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9 Embedding Device Profiles within Documents

This sections details the requirements and options for embedding device profiles within
PICT, EPS and TIFF documents. All profiles except abstract profile can be embedded.
The complete profile must be embedded with all tags intact and unchanged.

Embedding devicelink profiles renders the color data device dependent and
significantly reduces portability. This may be useful in some situations, but may also
cause problems with accurate color reproduction.

9.1 PICT
To be supplied by Apple.

9.2 EPS
To be supplied by Adobe.

93 TIFF

The discussion below assumes some familiarity with TIFF internal structure.

It is beyond the scope of this document to detail the TIFF format, and readers are
referred to the "TIFF(tm) Revision 6.0" specification, which is available from

the Aldus Corporation.

The International Color Consortium (IC) has been assigned a private TIFF tag for
purposes of embedding IC device profiles within TIFF image files. This is not a
required TIFF tag, and Baseline TIFF readers are not currently required to read
it. It is, however, strongly recommended that this tag be honored.

A IC device profile is embedded, in its entirety, as a single TIFF field or

Image File Directory (IFD) entry in the IFD containing the corresponding image
data. An IFD should contain no more than one embedded profile. A TIFF file may
contain more than one image, and so, more than one IFD. Each IFD may have its
own embedded profile. Note, however, that Baseline TIFF readers are not
required to read any IFDs beyond the first one.

The structure of the IC Profile IFD entry is as follows:

Bytes 0-1 The TIFF Tag that identifies the field = 34675(8773.H)
Bytes 2-3 The field Type =7 = UNDEFINED (treated as 8-bit bytes).
Bytes 4-7 The Count of values = the size of the embedded IC profile in bytes.
Bytes 8-11 The Value Offset = the file offset, in bytes, to the beginning of
the IC profile.

Like all IFD entry values, the embedded profile must begin on a word boundary,
so the Value Offset will always be an even number.
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A TIFF reader should have no knowledge of the internal structure of an embedded
IC profile and should extract the profile intact.

59



International Color Profile Format Specification Version 3.0 June 10, 1994

Appendix A : C Header File Example

This appendix provides a cross-platform conditionally compilable header file for the
International Color Profile Format.

/* Header file guard bands */
#i f ndef | NTERCOLOR_H
#def i ne | NTERCOLOR_H

#pragma ident "@#)intercolor.h 1.1 10 Jun 1994"
/ *
* Copyright 1994 The International Color Profile Consortium & SunSoft Inc
*
* Perm ssion to use, copy, nodify, and distribute this software and its
* docunentation for any purpose and w thout fee is hereby granted,
* provided that the above copyright notice appear in all copies and that
* both that copyright notice and this pernission notice appear in
* supporting docunentation, and that the nanes of the ColorSync Profile
* Consortium and SunSoft not be used in advertising or publicity pertaining
* to distribution of the software w thout specific, witten prior
* perm ssion.
*
* SUNSOFT DI SCLAI M5 ALL WARRANTI ES W TH REGARD TO THI' S SOFTWARE, | NCLUDI NG
* ALL | MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS, | N NO EVENT SHALL
* SUNSOFT BE LI ABLE FOR ANY SPECI AL, | NDI RECT OR CONSEQUENTI AL DAMAGES OR
* ANY DAMAGES WHATSOEVER RESULTI NG FROM LOSS OF USE, DATA OR PROFI TS,
* WHETHER | N AN ACTI ON OF CONTRACT, NEGLI GENCE OR OTHER TORTI QUS ACTI ON
* ARI SING QUT OF OR | N CONNECTI ON W TH THE USE OR PERFORMANCE OF THI S
* SOFTWARE
*/
/ *
* This version of the header file corresponds to the profile
* specification version 3.0.
*
* Al header file entries are pre-fixed with "ic" to help
* avoid name space collisions. Signatures are pre-fixed with
* icSig.
*/
/ K o e o e e e e e e e e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e */
/ *
* Defines used in the specification
*/
#def i ne i cMagi cNunber 0x61637370 /* 'acsp' */
#defi ne i cVersi onNunber 0x02000000 /* 2.0, BCD */

/* Screeni ng Encodi ngs */

#define icPrtrDefaul t ScreensFal se 0x00000000 /* Bit position 0 */
#define icPrtrDefaul t ScreensTrue 0x00000001 /* Bit position 0 */
#defi ne icLi nesPerlnch 0x00000002 /* Bit position 1 */
#def i ne icLi nesPer Cm 0x00000000 /* Bit position 1 */
/*

* Device attributes, currently defined val ues correspond

* to the low 4 bytes of the 8 byte attribute quantity, see

* the header for their |ocation

*/
#define icRefl ective 0x00000000 /* Bit position 0 */
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#def i ne i cTransparency 0x00000001 /* Bit position 0 */
#define icd ossy 0x00000000 /* Bit position 1 */
#define ichatte 0x00000002 /* Bit position 1 */
/*
* Profile header flags, the low 16 bits are reserved for consortium
* use.
*/
#def i ne i cEnbeddedPr of i | eFal se 0x00000000 /* Bit position 0 */
#def i ne i cEnbeddedProfil eTrue 0x00000001 /* Bit position 0 */
#def i ne i cUseAnywhere 0x00000000 /* Bit position 1 */
#defi ne i cUseW t hEndeddedDat aOnl y 0x00000002 /* Bit position 1 */
/* Ascii or Binary data */
#def i ne i cAscii Data 0x00000000 /* Used in dataType */
#def i ne icBi naryDat a 0x00000001
/*
* Define used to indicate that this is a variable length array
*/
#defi ne i cAny 1
/* ________________________________________________________________________ */
/*
* Signatures, these are basically 4 byte identifiers
* used to differentiate between tags and other itens
* in the profile format.
*
* Set the typedef icSignature as appropriate for your
* (Qperating system
*/
#i f defined(unix) || defined(__unix)
typedef | ong i cSi gnat ure;
#endi f Uni x
/* public tags and sizes */
typedef enum {
i cSi gAToB0OTag = 0x41324230, /* " A2BO" */
i cSi gAToBl1Tag = 0x41324231, /* ' A2B1" */
i ¢Si gAToB2Tag = 0x41324232, /[* ' A2B2' */
i ¢Si gBl ueCol or ant Tag = 0x6258595A, [* "bXYzZ */
i ¢Si gBl ueTRCTag = 0x62545243, /* "bTRC */
i cSi gBToAOTag = 0x42324130, /* ' B2A0" */
i cSi gBToAlTag = 0x42324131, [* ' B2A1" */
i cSi gBToA2Tag = 0x42324132, [* ' B2A2' */
i cSi gCalibrationDateTi meTag = 0x63616C74, /[* ‘calt' */
i ¢Si gChar Tar get Tag = 0x74617267, /* "targ' */
i ¢Si gCopyri ght Tag = 0x63707274, /* ‘cprt' */
i ¢Si gDevi ceM gDescTag = Ox646D6E64, /* “dmd' */
i ¢Si gDevi ceModel DescTag = 0x646D6464, /[* dmdd" */
i ¢Si gGanut Tag = 0x676d7420, [* ‘gnt ' ¥/
i ¢Si gG ayTRCTag = 0x6b545243, /* "kKTRC */
i ¢Si g&G eenCol or ant Tag = 0x6758595A, [* gXxXYz */
i cSi g& eenTRCTag = 0x67545243, /* 'gTRC */
i ¢Si gLum nanceTag = 0x6C756d69, [* “lum ' */
i ¢Si gMeasur enent Tag = 0x6D656173, /* 'meas' */
i ¢Si gMedi aBl ackPoi nt Tag = 0x626B7074, [* " bkpt' */
i ¢Si gMedi aWhi t ePoi nt Tag = 0x77747074, [* "wpt' */
i ¢Si gNanedCol or Tag = Ox6E636f 6C, /* 'ncol"' */
i cSi gPrevi ew0Tag = 0x70726530, /* 'preQ */
i cSi gPrevi ewlTag = 0x70726531, /[* 'prel" */
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i cSi gPrevi ew2Tag = 0x70726532, /[* 'pre2' */
i cSigProfileDescriptionTag = 0x64657363, /* 'desc' */
i cSi gProfil eSequenceDescTag = 0x70736571, /* 'pseq */
i ¢Si gPs2CRD0OTag = 0x70736430, [* ' psd0" */
i ¢Si gPs2CRD1Tag = 0x70736431, /[* 'psdl" */
i ¢Si gPs2CRD2Tag = 0x70736432, [* 'psd2' */
i ¢Si gPs2CRD3Tag = 0x70736433, /* ' psd3" */
i ¢Si gPs2CSATag = 0x70733273, [* ' ps2s' */
i ¢Si gPs2Render i ngl nt ent Tag = 0x70733269, [* 'ps2i' */
i ¢Si gRedCol or ant Tag = 0x7258595A, [* " XYZ *]
i ¢Si gRedTRCTag = 0x72545243, /* '"rTRC */
i ¢Si gScr eeni ngDescTag = 0x73637264, /* "scrd */
i ¢Si gScreeni ngTag = 0x7363726E, /* 'scrn' */
i ¢Si gTechnol ogyTag = 0x74656368, /* "tech' */
i ¢Si gUcr BgTag = 0x62666420, [* "bfd " */
i ¢Si gVi ewi ngCondDescTag = 0x76756564, /* 'vued */
i ¢Si gVi ewi ngCondi ti onsTag = 0x76696577, [* "view */
i cMaxEnunirag = OxFFFFFFFF /* enum = 4 bytes max */

} icTagSi gnature;

/* technol ogy signature descriptions */
typedef enum {

i ¢cSi gFi | nScanner = O0x6673636E, [* *fscn' */
i cSi gRefl ecti veScanner = 0x7273636E, /* 'rscn' */
i ¢cSi gl nkJet Printer = 0x696A6574, [* “ijet' */
i ¢Si gTher mal WAxPri nt er = 0x74776178, /* "twax' */
i cSi gEl ectrophot ographi cPrinter = 0x6570686F, /* 'epho' */
i cSi gEl ectrostaticPrinter = 0x65737461, /* "esta' */
i cSi gDyeSubl i mati onPri nter = 0x64737562, [* 'dsub' */
i ¢Si gPhot ogr aphi cPaper Pri nter = 0x7270686F, /* 'rpho" */
icSigFilmiiter = 0x6670726E, [* "fprn" */
i ¢Si gVi deoMoni t or = 0x7669646D, [* 'vidm */
i ¢Si gVi deoCaner a = 0x76696463, [* 'vidc' */
i cSi gProjectionTel evision = Ox706A7476, [* "pjtvt */
i ¢Si gCRTDi spl ay = 0x43525420, /[* "CRT ' */
i ¢Si gPMDI spl ay = 0x504D4420, /* "PND ' */
i ¢Si gAMDI spl ay = 0x414D4420, /* "AMD ' */
i ¢Si gPhot oCD = 0x4B504344, /* "KPCD */
i ¢Si gPhot ol mageSett er = 0x696D6773, /* “inmgs' */
i cSi gGavure = 0x67726176, [* ‘grav' */
i cSi gOfsetlithography = Ox6F666673, [* *offs" */
i cSigSil kscreen = 0x73696C6B, [* "silk' */
i ¢cSi gFl exogr aphy = 0x666C6578, [* "flex' */
i cMaxEnunirechnol ogy = OxFFFFFFFF /* enum = 4 bytes nmax */

} icTechnol ogySi gnat ure;

/* type signatures */

t ypedef enum {
i ¢Si gCurveType = 0x63757276, /* ‘curv' */
i ¢Si gDat aType = 0x64617461, /* 'data' */
i cSi gDat eTi meType = 0x6474696D, [* tdtim */
i cSi gLut 16Type = 0x6d667432, [* '"nft2" */
i ¢cSi gLut 8Type = 0x6d667431, [* '"nftl */
i ¢Si gNanedCol or Type = Ox6E636f 6C, /* 'ncol"' */
i cSi gProfileDescriptionType = 0x64657363, /* 'desc' */
i cSi gS15Fi xed16Type = 0x73663332, /* 'sf32" */
i ¢Si gScreeni ngType = 0x7363726E, /* 'scrn' */
i ¢Si gSi gnat ureType = 0x73696720, /[* 'sig "' */
i cSi gText Type = 0x74657874, [* "text' */
i cSi gU16Fi xed16Type = 0x75663332, [* 'uf32" */
i ¢Si gU nt 16Type = 0x75693136, [* 'uile' */
i ¢Si gUl nt 32Type = 0x75693332, [* tui 32" */
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i ¢Si gUl nt 64Type = 0x75693634, [* 'ui6d */
i ¢Si gUl nt 8Type = 0x75693038, /[* 'ui08 */
i ¢Si gVi ewi ngCondi ti onsType = 0x76696577, [* 'view */
i ¢Si gXYZType = 0x58595A20, [* " XYZ ' *]
i cMaxEnunilype = OxFFFFFFFF /* enum = 4 bytes max */
} icTagTypeSi gnat ure;
/* Col or Space Signatures */
typedef enum {
i ¢Si gXYZDat a = 0x58595A20, [* " XYZ ' *]
i ¢cSi gLabDat a = 0x4C616220, [* 'Lab ' */
i ¢Si gLuvDat a = 0x4C757620, [* 'Luv ' */
i ¢Si gYChCr Dat a = 0x59436272, [* " YCbr' */
i ¢Si gYxyDat a = 0x59787920, [* "Yxy ' */
i cSi gRgbDat a = 0x52474220, /[* "REAB "' */
i cSi gGayDat a = 0x47524159, [* ' GRAY' */
i ¢Si gHsvDat a = 0x48535620, [* "HSV ' */
i cSi gH sDat a = 0x484C5320, [* "HLS ' */
i ¢Si gCrykDat a = 0x434D594B, [* ' CWK  */
i ¢Si gCnyDat a = 0x434D5920, [* "CwY o]
i cMaxEnunDat a = OxFFFFFFFF /* enum = 4 bytes max */
} icCol or SpaceSi gnat ur e;
/* profileCd ass enunerations */
typedef enum {
i ¢cSi gl nputd ass = Ox73636E72, /* "scnr' */
i cSi ghi spl ayd ass = Ox6D6E7472, [* "mtr' */
i ¢Si gQut put d ass = 0x70727472, [* “prtr' */
i ¢Si gLi nkd ass = Ox6C696E6B, [* “link' */
i cSi gAbstract C ass = 0x61627374, /* "abst' */
i ¢Si gCol or Spaced ass = 0x73706163, /* 'spac' */
i cMaxEnund ass = OxFFFFFFFF /* enum = 4 bytes nmax */
} icProfil ed assSignature;
/* Platform Signatures */
t ypedef enum {
i ¢Si gMaci nt osh = 0x4141504C, [* " AAPL' */
i cSi gM crosoft = 0x4D534654, [* " MSFT' */
i cSigSolaris = 0x53554E57, [* " SUNW  */
i cSi gSd = 0x53474920, [*'s@ 't o*/
i cSigTaligent = 0x54474E54, [* "TGNT' */
i cMaxEnunPl at form = OxFFFFFFFF /* enum = 4 bytes max */
} icPlatfornfi gnature;
/* ________________________________________________________________________ */
/*
* Ot her enuns
*/

/* Measurenment Flare, used in the neasurnent Type tag */

typedef enum {
i cFl are0
i cFl arel00
i cMaxFl are
} i cMeasurenent Fl are;

0x00000000,
0x00000001,
OXFFFFFFFF

/* 0% flare */
/* 100% flare */
/* enum = 4 bytes max */

/* Measurenent Ceonetry, used in the neasurment Type tag */

typedef enum {
i cGeonet r yUnknown
i cGeonet ry0450r 450
i cGeonet ryOdor dO
i cMaxGeonet ry

0x00000000,
0x00000001,
0x00000002,
OxFFFFFFFF
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} i cMeasurenent Geonetry;

/* Rendering Intents, used in the profile header */
typedef enum {
i cPer cept ual
i cRel ativeCol orinetric
i cSaturation
i cAbsol uteCol orinetric
i cMaxEnuml nt ent
} icRenderinglntent;

0,
1,
2,
3,
0

XFFFFFFFF /* enum = 4 bytes max */

/* Different Spot Shapes currently defined, used for screeningType */
t ypedef enum {

i cSpot ShapeUnknown

cSpot ShapePri nt er Def aul t
cSpot ShapeRound

cSpot ShapeDi anond

cSpot ShapeEl | i pse

cSpot ShapelLi ne

cSpot ShapeSquar e

cSpot ShapeCr oss
cMaxEnuntpot

} icSpot Shape;

0
1
2
3
4
5
6
7
Ox FFFFFFFF /* enum = 4 bytes max */

/* Standard Cbserver, used in the neasurnent Type tag */
t ypedef enum {

i ¢St dObsUnknown = 0x00000000, /* Unknown observer */
i cSt dObs1931TwoDegr ees = 0x00000001, /* 1931 two degrees */
i cSt dObs1964TenDegr ees = 0x00000002, /* 1961 ten degrees */
i cMaxSt dOos = OxFFFFFFFF /* enum = 4 bytes max */
} icStandardGbserver;
/* Pre-defined illum nants, used in nmeasurenment and view ng conditions type */
typedef enum {
i clllum nant Unknown = 0x00000000,
i clllum nant D50 = 0x00000001,
i clllum nant D65 = 0x00000002,
iclllum nant D93 = 0x00000003,
iclllum nant F2 = 0x00000004,
i clllum nant D55 = 0x00000005,
iclllumnantA = 0x00000006,
i clllum nant EqQui Power E = 0x00000007, /* Equi - Power (E) */
iclllum nantF8 = 0x00000008,
i cMaxEnum | um nant = OxFFFFFFFF /* enum = 4 bytes nmax */
} iclllumnant;
/* ________________________________________________________________________ */
/*
* Nunber definitions
*/

/* Fi xed nunbers */
typedef |ong i cS15Fi xed16Numnber ;
t ypedef unsigned | ong i cUL6Fi xed16Numnber ;

/* Plain old int numbers */

t ypedef unsi gned char i cUl nt 8Number ;

t ypedef unsigned short icU nt16Nunber;

t ypedef unsigned | ong i cUl nt 32Nunber ;

t ypedef unsigned | ong i cUl nt 64Nunber | 2];

/* Signed nunbers */
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t ypedef char
t ypedef short
typedef | ong
typedef | ong

i cl nt 8Nunber;

i cl nt 16Nunber ;

i cl nt 32Nunber ;

i cl nt64Nunber[ 2] ;

/* The base date tinme nunber */

typedef struct {

Version 3.0 June 10, 1994

i cUl nt 16Nunber year;
i cUl nt 16Nunber nont h;
i cUl nt 16Nunber day;
i cUl nt 16Nunber hour s;
i cUl nt 16Nunber m nut es;
i cUl nt 16Nunber seconds;
} icDateTi meNunber;
/* XYZ Nunmber */
typedef struct {
i cS15Fi xed16Nunmber X;
i cS15Fi xed16Nunber Y,
i cS15Fi xed16Nunber Z;
} i cXYZNunber;
/* ________________________________________________________________________ */

/

/*

* Many of the structures contain variable |ength arrays.

* Tag Type definitions

Thi s

* is represented by the use of the convention.

* type
*/
/* curveType */
typedef struct {
i cSi gnature
i cl nt 8Nunber
i cUl nt 32Nunber
i cUl nt 16Nunber

} icCurveType;

/* dataType */
typedef struct {
i cSi ghature
i cl nt 8Nunber
i cUl nt 32Nunber
i cl nt 8Nunber
} icDataType;

/* dateTi meType */
typedef struct {

i cSi gnature

i cl nt 8Nunber

i cDat eTi meNunber
} icDateTi neType;

/* lutl6Type */

typedef struct {
i cSi ghature
i cl nt 8Nunber

dat a[ i cAny];

si g;
reserved[ 4];
count ;

dat a[ i cAny];

si g;
reserved[ 4];
dat aFl ag;
dat a[ i cAny];

si g;
reserved[ 4];
dat e;

si g;
reserved[ 4];
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/*

*/

/*
/*

/*

/*
/*

/*
/*

Si gnature, "curv" */
Reserved, set to 0 */

Nurmber of entries */

The actual table data, real
nunber is determ ned by count

Si gnature, "data" */

Reserved, set to 0 */

0 = ascii, 1 = binary */

Data, size determined fromtag */

Si gnature, "dtinm */
Reserved, set to 0 */
The date */

"nft2" */
set to 0 */

Si gnat ure,
Reser ved,
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i cUl nt 8Number i nput Chan; /* Nunber of input channels */
i cU nt 8Number out put Chan; /* Nunber of output channels */
i cU nt 8Number cl ut Poi nt s; /* Nunber of clutTable grid points */
i cl nt 8Nunber pad; /* Padding for byte alignment */
i cS15Fi xed16Nunber e00; /* e00 in the 3 * 3 */
i cS15Fi xed16Nunber e01; /* eOl inthe 3 * 3 */
i cS15Fi xed16Nunmber e02; /* e02 in the 3 * 3 */
i cS15Fi xed16Nunber el0; /* el0 in the 3 * 3 */
i cS15Fi xed16Nunber el1l; /* ell inthe 3 * 3 */
i cS15Fi xed16Nunber el2; /* el2 in the 3 * 3 */
i cS15Fi xed16Nunber e20; /* e20 in the 3 * 3 */
i cS15Fi xed16Nunber e21; /* e21l in the 3 * 3 */
i cS15Fi xed16Nunmber e22; /* e22 in the 3 * 3 */
i cUl nt 16Nunber i nput Ent ; /* Nunber of input table entries */
i cUl nt 16Nunber out put Ent ; /* Nunber of output table entries */
i cUl nt 16Nunber dat a[ i cAny]; /* Data foll ows see spec for size */
/*
* Data that follows is of this form
*
* jcU nt 16Nunmber i nput Tabl e[ i cAny]; * The input table
* jcU nt 16Nunmber cl ut Tabl e[ i cAny]; * The clut table
* jcU nt 16Nunmber out put Tabl e[ i cAny]; * The output table
*

/
} iclLut16Type;

/* lut8Type, input & output tables are always 256 bytes in length */
typedef struct {

i cSi ghature si g; /* Signature, "nftl" */
i cl nt 8Nunber reserved[ 4]; /* Reserved, set to 0 */
i cUl nt 8Number i nput Chan; /* Nunber of input channels */
i cUl nt 8Number out put Chan; /* Nunber of output channels */
i cUl nt 8Number cl ut Poi nts; /* Nunber of clutTable grid points */
i cl nt 8Nunber pad;
i cS15Fi xed16Nurber e00; /* e00 inthe 3 * 3 */
i cS15Fi xed16Nunber e01; /* e0l in the 3 * 3 */
i cS15Fi xed16Nunber e02; /* e02 in the 3 * 3 */
i cS15Fi xed16Nunmber el0; /* el0 in the 3 * 3 */
i cS15Fi xed16Nunber ell; /* ell inthe 3 * 3 */
i cS15Fi xed16Nunber el2; /* el2 in the 3 * 3 */
i cS15Fi xed16Nurber e20; /* e20 in the 3 * 3 */
i cS15Fi xed16Nunber e21; /* e21 in the 3 * 3 */
i cS15Fi xed16Nunber e22; /[* e22 in the 3 * 3 */
i cU nt 8Nurmber data[i cAny]; /* Data foll ows see spec for size */
/*
* Data that follows is of this form
*
* jcU nt8Nunber i nput Tabl e[ 256] ; * The input table
* jcU nt8Nunber clutTable[icAny]; * The clut table
* jcU nt8Nunber output Tabl e[ 256] ; * The output table
*/

} iclLut8Type;

/* Measurenent Type */
typedef struct {

i cSi ghature si g; /* Signature, "nmeas" */

i cl nt 8Nunber reserved[4];/* Reserved, set to 0 */

i ¢St andar dObser ver stdCbserver;/* Standard observer */

i cXYZNunber backi ng; /* XYZ for backing material */
i cMeasur erent Geonet ry geonetry; /* Measurenment geonetry */

i cMeasurement Fl are flare; /* Measurenment flare */
iclllum nant illumnant; /* IIlumnant */

} i cMeasur nent Type;
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/* Naned color type */
typedef struct {

i cSi ghature

i cl nt 8Nunber

i cUl nt 32Nunber

si g;
reserved[ 4];
vendor Fl ag;

Pr

Suffix for
Root
Col or
Root
Col or

Version 3.0 June 10, 1994

Si gnature, "ncol" */
Reserved, set to 0 */
Bottom 16 bits for I C use */
Count of naned colors */

Named col or data follows */

32
32
32

t he col or
t he col or
nane for

efix for name, nmax =
nanme, nmax =
first color, max =
co-ordinates of first col
nane for first color, max =

co-ordi nates of first color

32

i cUl nt 32Nunber count;
i cl nt 8Nunber dat a[ i cAny];
/*

* Data that follows is of this form
*
* i clnt 8Nunber prefix[icAny]; *
* jcl nt 8Nunber suffix[icAny]; *
* jcl nt 8Nunber root 1[ i cAny]; *
* jcl nt 8Nunber coordsl[i cAny]; *
* i clnt 8Number root 2[ i cAny]; *
* i clnt 8Number coords2?[icAny]; *
*
* :
* Repeat for root name and col or co-ordinates up to (count-1)
*/

} i cNanedCol or Type;

/* Profile sequence structure */
typedef struct {
i cSi gnature
i cSi ghature
i cUl nt 64Nunber
i cSighature
i cl nt 8Nunber

devi ceM g;
devi ceModel
attributes;
t echnol ogy;
dat a[ i cAny];

Data that follows is of this form

*  F X

* jcl nt 8Nunber
* jcl nt 8Nunber
*/

} icDescStruct;

nf gDesc[ i cAny];
nodel Desc[i cAny];

/* Profile sequence description type */
typedef struct {

i cSighature Si g;

i ¢l nt 8Nunber reserved[ 4];
i cUl nt 32Nunber count;

i cDescStruct dat a[ i cAny];

} icProfil eSequenceDescTag;

/* profileDescriptionType */
typedef struct {

i cSi ghature si g;
i cl nt 8Nunber eserved[ 4] ;
i cUl nt 32Nunber count ;
i cl nt 8Nunber dat a[ i cAny];
/*
* Data that follows is of this form
*
* jclnt 8Nunber desc[i cAny]
* i cU nt 32Nunber ucLangCode
* i cU nt 32Nunber ucCount ;
* i clnt 8Number ucDesc[i cAny;
* jcUl nt 16Nunber scCode;
* j cUl nt 8Nunber scCount ;
* jclnt 8Nunber scDesc[ 64];
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/*
/*
/*
/*
/*

*
*

/*
/*

/*

/*
/*

/*

* % X X F X F

Devi ce Manuf acturer */
Decvi ce Mbdel */

Devi ce attri butes */
Technol ogy signature */

Descriptions text foll ows*/

Manuf act urer text

Model text

Si gnature, "pseq" */
Reserved, set to 0 */
Nunber of descriptions */

Array of description struct */

Si gnature, "desc" */
Reserved, set to 0 */
Description length */

Descriptions foll ow */

NULL term nated asci
Uni Code | anguage code
Uni Code description | ength
The Uni Code description
Scri pt Code code

Scri pt Code count
Scri pt Code Description

string
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*/

} icProfileDescriptionType;

/* s15Fi xed16Type */
typedef struct {

i cSi gnature

i cl nt 8Nunber

i cS15Fi xed16Nunber

} i cS15Fi xed16ArrayType

/* screeni ngType */

typedef struct {
i cS15Fi xed16Nunber
i cS15Fi xed16Nunber
i cSpot Shape

} icScreeni ngbDat a;

typedef struct {

i cSi gnhature

i cl nt 8Nunber

i cUl nt 32Nunber

i cUl nt 32Nunber

i cScreeni ngDat a
} icScreeni ngType;

/* sigType */
typedef struct {

i cSi ghature

i cl nt 8Nunber

i cSi gnature
} icSignatureType;

/* textType */
typedef struct {
i cSighature
i cl nt 8Nunber
i cl nt 8Nunber
} icTextType;

/* ul6Fi xed16Type */
typedef struct {

i cSi gnature

i cl nt 8Nunber

i cUL6Fi xed16Nunber

} i cUL6Fi xed16ArrayType

/* Structure describing
typedef struct {

i cUl nt 32Nunber

i cUl nt 16Nunber
} icUcrBgCurve

/* Under col or renoval
typedef struct {

i cSi ghature

i cl nt 8Nunber

i cUcr BgCurve

i cUcr BgCurve
} icUcrBgType;

/* ulnt16Type */
typedef struct {

si g; /*
reserved[ 4]; /*
dat a[ i cAny]; /*
frequency; /*
angl e; /*
spot Shape; /*
si g; /*
reserved[ 4]; /*
screeni ngFl ag; /*
channel s; /*
dat a[ i cAny]; /*
si g; /*
reserved[ 4]; /*
si gnature;

Si g; /*
reserved[ 4]; /*

dat a[ i cAny];

si g; /*
reserved[ 4]; /*
dat a[ i cAny]; /*
either a UCR or

count; /*
curvel[i cAny]; /*
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Si gnature, "sf32" */
Reserved, set to 0 */
Array of values */

Frequency */
Screen angle */
Spot Shape encodi ngs bel ow */

Si gnature, "scrn" */
Reserved, set to 0 */
Screening flag */

Nunber of channels */
Array of screening data */

Si gnat ure,
Reser ved

"sig" */
set to O */

Signature, "text" */
Reserved, set to 0 */
Variabl e array of characters */

Si gnature, "uf32" */
Reserved, set to 0 */
Vari abl e array of val ues */

BG curve */

Curve length */
The array of curve values */

bl ack generation type */

si g; /*
reserved[ 4]; /*
ucr; [*
bg; /*

68

Signature, "bfd " */
Reserved, set to 0 */
Ucr curve */
Bg curve */
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i cSi gnhature si g;
i cl nt 8Nunber reserved[ 4];
i cUl nt 16Nurber dat a[ i cAny];
} icU ntl16ArrayType;
/* ulnt32Type */
typedef struct {
i cSi gnature si g;
i cl nt 8Nunber reserved[ 4];
i cUl nt 32Nunber dat a[ i cAny];
} icU nt32ArrayType
/* ulnt64Type */
t ypedef struct {
i cSi ghature sig;
i cl nt 8Nunber reserved[ 4];
i cUl nt 64Nunber dat a[ i cAny];
} icU nt64ArrayType;
/* ul nt8Type */
typedef struct {
i cSi ghature si g;

i cl nt 8Nunber
i cUl nt 8Nunber
} icUnt8ArrayType

reserved[ 4];
dat a[ i cAny];

/* view ngConditionsType */
typedef struct {

i cSighature Si g;

i ¢l nt 8Nunber reserved[ 4];
i cXYZNunber illum nant;
i cXYZNunber surround;

i clllum nant stdll um nant;
} icView ngConditionType;

/* XYZ Type */
typedef struct {

/*
/*
/*

/*
/*
/*

/*
/*
/*

/*
/*
/*

/*
/*

/*
/*

Version 3.0 June 10, 1994

Si gnature, "uil6" */
Reserved, set to 0 */
Vari abl e array of val ues */

Si gnature, "ui 32" */
Reserved, set to 0 */
Vari abl e array of val ues */

Si gnature, "ui64" */
Reserved, set to 0 */
Variabl e array of val ues */

Si gnature, "ui 08" */
Reserved, set to 0 */
Variabl e array of val ues */

Si gnature, "view' */
Reserved, set to 0 */

In candel as per netre sq'd */
In candel as per netre sq'd */
See iclllum nant defines */

i cSi gnature si g; /* Signature, "Xyz" */

i cl nt 8Nunber reserved[ 4]; /* Reserved, set to 0 */

i cXYZNunber dat a[ i cAny]; /* Variable array of XYZ nunbers */
} i cXYZType;
/* ________________________________________________________________________ */

/*
* Tag table and profil e header
*/

/* A tag */
typedef struct {
i cTagSi gnat ure sig;
i cUl nt 32Nunber of f set;
i cUl nt 32Nunber Si ze;
} icTag;
/* A Tag Table */
typedef struct {
i cUl nt 32Nunber count;
i cTag tags[i cAny];

} icTagTabl e;

/* The Profile header */
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/*
/*
/*

/*
/*

The tag signature */
To start of data from header */
Size in bytes */

Nunber of tags in the profile */
Variable array of tags */



International Color Profile Format Specification Version 3.0 June 10, 1994

typedef struct {

i cUl nt 32Nunber si ze; /* Profile size in bytes */

i cSignature cnmm d; /* CMM associated with the profile */

i cUl nt 32Nunber versi on; /* Format version nunmber */

i cSighature devi ced ass; /* Type of device */

i cSi gnature col or Space; /* Col or space of data */

i cSi gnhature pcs; /* Profile Connection Space */

i cDat eTi meNunber dat e; /* Date profile was created */

i cSi ghature magi c; /* The magi ¢ nunmber 'acsp' */

i cSi ghature pl atform /* Primary Platform*/

i cUl nt 32Nunber fl ags; /* Various bit settings */

i cSi gnature manuf act urer; /* Device manufacturer */

i cUl nt 32Nunber nodel ; /* Device nmodel numnber */

i cUl nt 64Nunber attributes; /* Device attributes */

i cUl nt 32Nurber renderinglntent; /* Rendering intent */

i cXYZNunber illum nant; /* Profile illumnant */

i cl nt 8Nunber reserved[ 48] ; /* Reserved for future use */
} icHeader;

/* A profile */
typedef struct {

i cHeader header ; /* The header */
i cTagTabl e t agTabl e; /* The tag table */
i ¢l nt 8Nunber tags[i cAny]; /* Start of tag data */

} icProfile;

#endi f | NTERCOLOR_H
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Appendix B : 7 Bit ASCI|I

The ASCII character set defines a 1-to-1 mapping of characters to 8-bit values. The
characters with hex codes 0x00-0x7F, the 7-bit subset of ISO Latin-1 characters which are
invariant regardless of locale.

In a International Color invariant profile name, it is illegal to use characters not
defined in this table and to maintain maximum portability, it is recommended that
special characters not be used :

hexadeci nmal

| 00 nul | 01 soh | 02 stx | 03 etx | 04 eot | 05 enq | 06 ack | 07 bel

| 08 bs | 09 ht | Oanl | Obvt | Ocnp | Odcr | Oe so | Of si

| 10 dle | 11 dcl | 12 dc2 | 13 dc3 | 14 dcd4 | 15 nak | 16 syn | 17 etb

| 18 can | 19 em | l1a sub | 1b esc | 1c fs | 1d gs | le rs | 1f us

| 20 sp | 21! | 22 " | 23# | 24%$ | 25% | 26 & | 27"

| 28 ( | 29) | 2a * | 2b + | 2c , | 2d - | 2e . | 2f / |
| 300 | 311 | 32 2 | 33 3 | 34 4 | 35 5 | 36 6 | 37 7

| 38 8 | 39 9 | 3a : | 3b ; | 3c < | 3d = | 3e > | 3f ?

| 40 @ | 41 A | 42B | 43C | 44D | 45E | 46 F | 47 G |
| 48 H | 49 1| | 4a J | 4b K | 4c L | 4d M | 4e N | 4 O |
| 50P | 51 Q | 52 R | 53S | 54T | 55U |56V | 57wW |
| 58 X | 59 Y | 5aZ | 5b] | 5¢ \ | 5d ] | 5e ~ | 5f _ |
| 60 ° | 61 a | 62 b | 63 c | 64 d | 65 e | 66 f | 67 g

| 68 h | 69 i | 6a j | 6b k | 6c¢ I | 6d m | 6en | 6f o |
| 70 p | 71 q | 72 r | 73 s | 74 t | 75 u | 76 v | 77 w |
| 78 x | 79 y | 7a z | 7b { | 7c | | 7d } | 7e ~ | 7f del |
deci mal

| Onul | 1soh| 2stx]| 3etx| 4eot | 5enq| 6 ack | 7 bel

| 8bs | 9ht | 10n | 11 vt | 12 np | 13 cr | 14 so | 15 si

| 16 dle | 17 dcl | 18 dc2 | 19 dc3 | 20 dcd4d | 21 nak | 22 syn | 23 etb

| 24 can | 25 em | 26 sub | 27 esc | 28 fs | 29 gs | 30 rs | 31 us

| 32 sp | 33! | 34 " | 35# | 36 % | 37 % | 38 & | 39"

| 40 ( | 41) | 42 * | 43 + | 44 , | 45 - | 46 . | 47 [/ |
| 48 0 | 49 1 | 50 2 | 51 3 | 52 4 | 53 5 | 54 6 | 55 7

| 56 8 | 57 9 | 58 : | 59 ; | 60 < | 61 = | 62 > | 63 ?

| 64 @ | 65A | 66 B | 67 C | 68D | 69 E | 70F | 71 G |
| 72 H | 731 | 74 3 | 75 K | 76 L | 77 M | 78 N | 79 O |
| 80P | 81 Q | 82R | 83S | 84T | 88U | 8V | 87 W |
| 88 X | 89Y | 90z | 91 ] | 92\ | 93] | 94 ~ | 95 _

| 96 ° | 97 a | 98 b | 99 ¢ | 100 d | 101 e | 102 f | 103 g

| 104 h | 105 i | 106 | | 107 k | 108 | | 109 m 110 n  |111 o |
| 112 p | 113 ¢ | 114 r | 115 s | 116 t | 117 u | 118 v [119 w |
| 120 x | 121 y | 122 z | 123 { | 124 | | 125 } | 126 ~ | 127 del
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Appendix C : PostScript Level 2 Tags

Theses tags are provided in order to control exactly the PostScript Level 2 operations
that should occur for a given profile. These tags are only valid for PostScript Level 2
(and conceivably future versions of PostScript) devices, and are not generally supported
in PostScript Level 1 devices. In addition, some of the tags may correspond to
PostScript operations that are not supported in all PostScript Level 2 devices. Using
such tags requires first checking for the available operators. All operators described in
the PostScript Language Reference Manual, second edition, are available on all
PostScript Level 2 devices. Documentation for extensions to PostScript Level 2 are
available through Adobe's Developer Support Organization. In addition, guidelines for
PostScript compatibility with this profile format are available. For details of such
operator support, compatibility guidelines, the PostScript Level 2 device independent
color model, or other PostScript-related issues contact Adobe's Developer Support
Organization.

In general, there is a straightforward relationship between the profile's header
fields and tags, and these PostScript tags. It is anticipated that the various CMSs that
support this profile format will also provide support for these optional PostScript tags.
To verify such support contact the CMS vendors directly. In cases where such support
is provided, and the desired model of operations is the same for PostScript processing
as it is for CMS processing, these tags can be omitted, since all necessary information is
in the profile itself. In the case where such CMS support is in question or processing
different than that provided by an arbitrary CMS is desired, these tags can be populated
to provide exact control over the PostScript processing. For example, if private tags are
used in the profile to achieve a non-public type of processing on certain CMSs, such
processing can be achieved on a PostScript device by populating the appropriate
PostScript tags.

Some of the PostScript tags have a tag type of textType or ulnt8Type. This choice
is provided in order to match the properties of the communications channel to the data
in these tags. Encoding the data in ulnt8Type form is recommended to save memory
and/or reduce transmission times. Applications and drivers may convert it to ASCII
Coded PostScript, Binary Coded PostScript, or Token Binary Coded PostScript or leave
it in binary format to match the requirements of the communications channel.
Applications and drivers are responsible for this potential conversion from binary data
to channel compatible data. The data should be encoded in textType in those cases
where the amount of data is relatively small or where the conversion from binary to
channel compatible data is not available.

The PostScript contained in these tags is not self evaluating - it simply provides

operands. These operands must be followed by operators like setcolorspace,
setcolorrendering, and findcolorrendering.
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Appendix D : Profile Connection Space Explanation

Introduction

This Appendix isintended to clarify certain issues of interpretation in the International Color
Profile Format.

The goal of color management isto provide the capability of maintaining control over color
rendering among various devices and media that may be interconnected through a computer
system or network. To achieve this goal, the color characteristics of each device are determined
and encapsulated in adevice profile, which isadigital representation of the relation between
device coordinates and a device-independent specification of color.

By device coordinates we mean the numerical quantities through which a computer system
communicates with a color peripheral—such as the digital code values used to drive a monitor or
printer, or the digital signals received from a scanner. These quantities are usually |abeled RGB
(or CMYK), but the labels identify the channels of the device rather than specific visual colors,
the quantities are often encoded as unsigned 8-bit integers for each channel in the typical digital
interface.

The device-independent specification is best given in a color space based on human visual
experience. Thus, a device profile provides a means of trandating (or transforming) color image
data from device coordinates into avisual color space or vice versa.

Furthermore, if the various profiles available to a col or-management system are referenced to the
same visual color space, the system can trandate data from one device' s coordinates to

another’ s—while maintaining color consistency—by (conceptually) passing through the
intermediary of the visual color space; the latter, then, constitutes a standard interface for color
communication, allowing profiles to be connected together in a meaningful sequence. A color
space used in this way may be termed a Profile Connection Space (PCS). For example, the
transformation of a color image from a scanner into monitor coordinates can be described as a
transformation into the PCS (via the scanner’s device profile) followed by atransformation out
of the PCS (viathe monitor’ s device profile). In practice, these successive transformations may
be implemented in avariety of ways, and the image may never actually be represented in the
PCS on disk or in computer memory. Thus, the PCSisto be regarded as a convenient reference
for the definition of profiles—as an intermediate, or virtual, stage of the image processing—, in
contrast to an interchange or exchange color space, which is an encoding for the storage and
transmission of color images. The issues regarding the choice or design of a PCS are somewhat
different from those related to an interchange space; this Appendix is concerned only with PCS
issues.

A PCS consists of a coordinate system for color space and an interpretation of the data
represented in that coordinate system. In fact, multiple coordinate systems can easily be
supported in the same or different color-management systems, aslong as they share acommon
interpretation, since it isusually awell-defined and relatively simple mathematical task to
transform from one coordinate system to another. However, if the interpretation of the
represented colorsis different, there may be no satisfactory way of trandlating the data from one
to another.
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The purpose of this paper is to present an unambiguous interpretation for the PCS implicit in the
International Color Profile Format. It is especially important in the heterogeneous environments
currently found on desktop platforms and networks to establish this interpretation in an open,
non-proprietary specification, so that different color-management systems can communicate with
each other and exchange profiles within and across platforms and operating systems.

Colorimetry and Its Interpretation

Theissue of interpretation has received little attention in the recent past, because it has been
widely believed that the choice of a suitable coordinate system—ypreferably one founded on CIE
colorimetry, a system of measurement and quantification of visual color stimuli created and
promoted by the Commission Internationale de I’ Eclairage—would suffice to guarantee device
independence. The notion was that colorimetric matching of the renderings on various media was
the key to satisfactory color reproduction, and that interpretation was not needed. However,
although colorimetry can be an essential element of a successful approach to color management,
it is usually necessary to modify the colorimetric specification for renderings on different media.

Different mediarequire different physical color stimuli, in certain cases, because they will be
viewed in different environments—e.g., different surround conditions or illuminants; the
observers, therefore, will experience different adaptive effects. In order to preserve the same
color appearance in these different environments, the colorimetry must be corrected to
compensate for the adaptation of the human visual system and for physical differencesin the
viewing environments, such as flare. Although color appearance is still an active research topic,
the most common forms of adaptation are understood reasonably well, so that the required
corrections in the colorimetry for different viewing conditions can be modeled with sufficient
accuracy.

There are other reasons why the colorimetry may be altered for specific media. For instance,
hard-copy media—even those intended for the same viewing conditions—differ considerably in
their dynamic range and color gamut. A well-crafted rendering of an image on a specific medium
will take advantage of the capabilities of that medium without creating objectionable artifacts
imposed by its limitations. For instance, the tone reproduction of the image should provide
sufficient contrast in the midtones without producing blocked-up shadows or washed-out
highlights. The detailed shape of the tone curve will depend on the minimum and maximum
densities (Dmjn and Dmax) attainable in the medium. Clearly, there is considerable art involved
in shaping the tone-reproduction and col or-reproduction characteristics of different media, and
much of this art is based on subjective, aesthetic judgments. As aresult, the substrate (paper,
transparency material, etc.) and the colorants used in amedium will be exploited to impart a
particular “personality” to the reproduction that is characteristic of the medium.

Furthermore, the desired behavior of a color-management system depends strongly on artistic
intent. If the output medium is identical to the input medium—say, 35-mm slides—, the desired
behavior istypically to create aduplicate of the original. But if the two media are different, itis
not so obvious what the default behavior should be. In some cases, the intent may be to retain all
or part of the personality of the original; in other cases, it may be more important to remove the
personality of the original and replace it with a fresh rendering that has the full personality of the
output medium. Sometimes the simulation of athird medium may be important—as when an
image is displayed on amonitor to preview arendering on a dye-diffusion printer, retaining (as
well as possible) the personality of an original image scanned from a photographic print! It is
essential to the success of color-management systems that a broad range of options be kept open.
The interpretation of the PCS merely defines the particular default behavior that will be
facilitated by the system without explicit intervention by the application or user. Alternative
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behaviors are not excluded by this choice; they ssmply will not be the default and will require
more work.

With this context in mind, we present the following interpretation:

The PCSrepresentsdesired color appearances.

Here, the term desired is used to indicate that the interpretation is oriented towards colorsto be
produced on an output medium. It also is used to imply that these colors are not restricted by the
limitations of any particular output medium. It is helpful here to conceptualize a “reference
reproduction medium”, with alarge gamut and dynamic range, as the target medium for the
desired colors. Consequently, it is the responsibility of the output device profilesto clip or
compress these colorsinto the gamut of the actual output media. And, of course, “desired” also
implies the expression of artistic intent.

The term color appearance is used to imply that adaptive effects are taken into account.
Associated with the reference reproduction medium is a “reference viewing environment”. More
precisely, therefore, the PCS represents the “ desired color appearances’ in terms of the CIE
colorimetry of the colors to be rendered on the reference medium and viewed in the reference
environment. Output profiles for mediathat are viewed in different environments are responsible
for modifying the colorimetry to account for the differences in the observer’s state of adaptation
(and any substantial differencesin flare light present in these environments), so that color
appearance is preserved. Similarly, input profiles are responsible for modifying the colorimetry
of the input mediato account for adaptation and flare; they aso have the responsibility to
account for the artistic intent implicit in the word “desired”.

We define the reference reproduction medium as an idealized print, to be viewed in reflection, on
a“paper” that is aperfect, non-selective diffuser (i.e., Dmjn = 0), with colorants having alarge
dynamic range and color gamut. We define the reference viewing environment to be the standard
viewing booth (ANSI PH-2.30); in particular, it is characterized by a*“normal” surround—i.e.,
where the illumination of theimageis similar to the illumination of the rest of the environment—
, and the adapting illuminant is specified to have the chromaticity of D50 (a particular daylight
illuminant).

Color Measurements

The PCS, so interpreted, represents colors for a hypothetical reference medium; device profiles
must relate these colors to those that can be measured on real media. For consistency of results,
these measurements must be made in accordance with the principles of CIE colorimetry.

For one particular class of media—namely, those intended for the graphic arts—, the colorimetry
should conform to graphic-arts standards for color measurement.1 Here, theilluminant is
specified to be D50, so that no corrections need to be applied for chromatic adaptation. The
colorimetry standard is based on atheoretical D50 illuminant, as defined by the CIE in the form
of atabulated spectral distribution. However, the fluorescent D50 simulators found in typical
professional viewing booths have rather different spectral distributions, and the color stimuli
produced can be noticeably different.2 Often, better results can be obtained by basing the

1178.7/3, “ Graphic technology—Input data for characterization of 4-color process printing”, draft standard of
Subcommittee 4 (Color) of ANSI Committee I T8 (Digital Data Exchange Standards), 14 December 1992, Paragraph
4.2.

2D. Walker, “The Effects of Illuminant Spectra on Desktop Color Reproduction”, in Device-Independent Color
Imaging, R. Mottaand H. Berberian, ed., Proc. SPIE, 1909, 1993, pp. 236-246.
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colorimetry on the actual, rather than the theoretical, illumination source; unfortunately, thereis
no standardized, practically realizable source.

For other, non-graphic-arts, media, the illuminant may be different from D50. In general, for best
results, the actual illumination spectrum should be used in the color measurements. And if the
chromaticity of the illuminant is different from that of D50, corrections for chromatic adaptation
will be needed and will be incorporated into the device-profile transforms. This aspect of the
PCS interpretation provides flexibility to the color-management system. For example, it will be
possible to transform data from a medium intended for tungsten illumination to a medium
intended for cool-white-fluorescent: the input profile handles the adaptation from tungsten to
D50, and the output profile handles the adaptation from D50 to cool-white.

Since substantial flare (perhaps 2—-3%) may be present in an actual viewing environment,3 the
colorimetry is defined in an ideal, flareless measurement environment; in this way, difficult
telescopic color measurements in the viewing environment can be avoided, and simple contact
instruments and/or controlled laboratory conditions can be used instead. (Corrections should be
applied to the data for any appreciable flare in the actual measurement environment and
instruments.)

Colorimetry Corrections and Adjustments in Output Profiles

The implications of this interpretation should be emphasized: the creator of aprofileisobliged to
correct and adjust the PCS data for various effects. Since the PCSisinterpreted with an output
orientation, we will first examine the nature of these corrections and adjustments for output
profiles. Then, in the next section, we will discuss the consequences for input profiles.

Let uslook at a number of possible output paths:

Output to reflection print media: Included here are computer-driven printers, off-press
proofing systems, offset presses, gravure printing, photographic prints, etc. These are
generally intended for “normal” viewing environments; but corrections may be needed—e.g.,
for chromatic adaptation, if the illuminant’s chromaticity is other than that of D50.

In the simplest scenario, the user desires to reproduce colors colorimetrically (aside from
adaptive corrections) so asto attain an appearance match. A distinction can be made between
“absolute” and “relative” colorimetry in this context. Absolute colorimetry coincides with the
CIE system: color stimuli are referenced to a perfectly reflecting diffuser. All reflection print
media have areflectance less than 1.0 and cannot reproduce densities less than their particular
Dmin- In across-rendering task, the choice of absolute colorimetry leads to a close appearance
match over most of the tonal range, but, if the Dypjpn of the input medium is different from that

of the output medium, the areas of the image that are |eft blank will be different. This
circumstance has led to the use of relative colorimetry, in which the color stimuli are
referenced to the paper (or other substrate). This choice leads to a cross-rendering style in
which the output image may be lighter or darker overall than the input image, but the blank
areas will coincide. Both capabilities must be supported, since there are users in both camps.
However, the default chosen for International Color isrelative colorimetry.

This can be made more precise: the default “ colorimetric” transform will effectively apply a
scaling operation in the CIE 1931 XYZ color space:

Xout = (Xpaper/ XDSO) X (EQ1I)

3R.W.G. Hunt, The Reproduction of Colour, Fourth Edition, Fountain Press, 1987, pp. 52-53.
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Yout = (Ypaper/ YD50) Y (EQ1I)

Lo = (Zpaper/ Zpsp) Z (EQ3)

where XYZ are the coordinates of a color in the PCS, (XYZ)qt are the coordinates of the
corresponding color to be produced on the output medium, (XYZ)ps0 are the coordinates of
the lightest neutral represented in the PCS (namely, one with the chromaticity of D50 and a
luminance of 1.0), and (XY2Z) paper &€ the coordinates of the output paper (or other substrate)
adapted to the PCSilluminant (D50). Thus, the lightest neutral in the PCS will be rendered as
blank paper—regardless of the reflectance or color cast of the paper—; other neutrals and
colors will be rescaled proportionately and will be rendered darker than the paper. Output on
different reflection print mediawill then agree with the PCS and with each other in relative
colorimetry and, therefore, in relative appearance.

In other cases, the preference may be for absolute colorimetry. This means that, within the
limitations of the output medium, the CIE colorimetry of the output image should agree with
values represented in the PCS. 1.e., Xgut = X, Yout = Y, and Zgt = Z. One way of achieving
thisresult isto apply a separate transformation to the PCS values, outside of the device profile
(e.g., in application or system software):

X = (XDSO/ Xpaper) X (EQ4)
Y = (Ypso/ Ypaper) Y (EQ5)
Z = (ZDSO/ Zpaper) YA (EQ6)

Therelative values, X' Y’ Z', can then be processed through the default colorimetric transform
(i.e., they are effectively substituted for XYZ in Equations 1-3) to achieve the desired resullt.

This capability depends on the availability to the color-management software of the
colorimetry of the paper. The “medium white point” tag in the profile can be used for this
purpose and should represent the adapted, absolute colorimetry of the lightest neutral that the
device and/or medium can render (usually the blank substrate).

In either case, it may happen that the dynamic range and/or color gamut of the output medium
Is not sufficient to encompass al the colors encoded in the PCS. Some form of clipping will
then occur—in the highlights, in the shadows, or in the most saturated colors. While an
appearance match may be achieved over much of color space, there will be aloss of detail in
some regions. If thisis objectionable, the operator should have an option for selecting a more
explicit form of gamut compression to be applied to the colors as part of the output profile.
International Color supports two styles of controlled gamut compression—"* photographic” and
“saturation-preserving”—in addition to the “colorimetric” option, which clips abruptly at the
gamut boundary. (An important case requiring explicit gamut compression is that of input
from atransparency, where the dynamic range, even of the corrected colors, may exceed that
of any reflection print medium.) Note that an explicit compression maps colors from the
dynamic range and gamut of the reference medium to the range and gamut of the actual
medium, so that only (XYZ)pgso—i.e., the lightest PCS neutral—will be rendered as blank
paper, just asin the relative-colorimetric case. Thistime, however, the entire tone scale may
be readjusted, to keep the shadows from blocking up and to maintain proper midtones, and
some in-gamut colors may be adjusted to make room for out-of-gamut colors.

Output to transparency media: This category might include overhead transparencies and large-
format color-reversal media, as well as slide-production systems. Transparency materials are
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normally intended to be viewed by projection (using a tungsten lamp) in a dim or darkened
room; in some cases, however, they are placed on a back-lit viewer for display, and in others
they are used as a graphic-arts input medium, in which case they are examined on alight box
or light table with the aid of aloupe. Accordingly, there are several possible viewing
conditions for transparencies, requiring somewhat different corrections.

Typical color-reversal films have a much larger dynamic range than reflection mediaand
higher midscale contrast. Their tone-reproduction characteristics have evolved empirically, but
it may be plausible to explain them as partially compensating for dark-surround adaptation
and the flare conditions typical in a projection room. The state of brightness adaptationin a
projection room is also different from that in a reflection environment. To the extent that these
explanations are valid, the colorimetry should be corrected for these effects. Furthermore, in
some of these environments the visual system is partially adapted to a tungsten source, and
chromatic corrections should be applied for the difference between tungsten and D50.

A “colorimetric” rendering, in this case, will actually produce an appearance match to the
colorsin the PCS, rather than a colorimetric match—i.e., the colors measured on the resulting
transparency will differ from those encoded in the PCS, but will appear the same when the
transparency is viewed in its intended environment as the PCS colors would if rendered on the
reference medium and viewed in reflection.

Note that the lightest neutral, (XYZ)pso,will be rendered at or near Dy, Of the transparency

in the default (relative) colorimetric transform. An absol ute-colorimetric rendering can be
generated in software, as described above for reflection-print media

Explicit gamut compression can be provided as an option; it normally would not be needed for
images input from photographic media, but it may be useful for input from computer graphics,
since some of the highly saturated colors available on a computer color monitor fall outside
the gamut of transparency media.

Negative media: Here the target colors are those of areflection print to be made from the
negative. No adaptive corrections are required, unless the print is intended to be viewed under
an illuminant other than D50. Explicit gamut compression is a useful option, and both relative
and absolute colorimetric matches can be provided as in the case of direct-print media.

Monitor display: The viewing conditions of a CRT monitor may require some corrections to the
colorimetry, due to the effects of surround and flare. Also, if the monitor’s white point is other
than D50, chromatic adaptation must be accounted for. When corrections for these effects are
applied, the colorsin the display should match the appearance of those in the PCS and should
provide accurate and useful feedback to the operator.

In most cases, the rendering should be “colorimetric” (possibly including adaptive
corrections), in order to achieve this result. (Asfor reflection print media, this would be
“relative’ by default, but “absolute” colorimetry is also supported.) In other cases (video
production, perhaps), it may be more important to the user to create a pleasing image on the
monitor (without having out-of-gamut colors block up, for instance) than to preserve an
appearance match to the PCS; for that purpose, explicit gamut compression would be a useful
option.

In many scenarios, the monitor display is not the end product, but rather atool for an operator
to use in controlling the processing of images for other renderings. For this purpose, it will be
possible to simulate on the monitor the colors that would be obtained on various other output
media. The PCS colors are first transformed into the output-device coordinates, using any
preferred style of gamut compression. Then they are transformed back to the PCS by using the
(colorimetric) inverse output transform. (These two steps can be replaced by an equivalent
“preview” transform.) Finally they are transformed (colorimetrically) into monitor coordinates
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for previewing. The result of compression to the output gamut should then be visible in the
displayed image.

Colorimetry Corrections and Adjustments in Input Profiles

The purpose of an input profile isto transform an image into the PCS—i.e., to specify the colors
that are desired in the output. Since there are many possible intentions that a user might have for
these colors, we cannot impose many restrictions on the nature of the transforms involved.
Bearing in mind the capabilities of the output profiles, as just outlined, we can suggest the
possibilities available to various classes of input profiles.

Scanned reflection prints. Here the intended viewing environment may be identical to the
reference, but, if not, adaptive corrections should be applied to the colorimetry. In the simplest
case, the profile may consist of atransformation from scanner signals to the colorimetry of the
medium. In this case, the personality of the input medium has been preserved. If the output
rendering is also “colorimetric”, the result will be an appearance match to the original. Indeed,
if the output medium is the same as the input medium, the result should be a close facsimile or
duplicate of the original.

By default, the rendering is based on relative colorimetry, as discussed above. Therefore, it
should be remembered, when creating an input profile, that the (XYZ)psg point of the PCS
will be mapped to the D of the output medium. Thisimplies that the Dmin of the input
medium must be mapped to the (XYZ)pgg point of the PCS, in order to facilitate the
duplication of an original and arelative-colorimetry match when cross-rendering.

In order to enable the aternative of absolute colorimetry, the “white point” field in the header
of the input profile should be used to specify the colorimetry of the paper. This allows the
absol ute colorimetry of the original to be computed from relative colorimetry represented in
the PCS, by analogy to Equations 1-3 above. These absolute color stimuli can then be
converted to relative colorimetry for output by using the “white point” field of the output
profile in Equations 4—6.

There are other possibilities, however. The input profile could be designed to remove some or
all of the personality of the input medium, so that the PCS encoding makes use of more of the
gamut and dynamic range of the reference medium. In these cases, it will probably be best to
choose some form of explicit gamut compression in the output profile. The result may differ in
appearance considerably from the original and will constitute a fresh rendering tuned to the
capabilities and limitations of the output medium.

In any case, a calibrated color monitor, if available, can be used to display an accurate preview
of the result.

Scanned transpar encies: Since transparencies are intended for viewing in avariety of
environments, different kinds of adaptive corrections may be applied to the colorimetry of the
input medium to obtain colorsin the PCS. For instance, the device profile might transform
scanner signals into the colorimetry of areference print that would have the same appearance
in the reference environment as the transparency produces in a projection environment. (Note
that there may be no actual reflection print medium that has sufficient dynamic range to
reproduce all of these color appearances). In this scenario, the personality of the color-reversa
film or other transparency material is retained, even though the colorimetry has been modified
for the PCS; still, this may be loosely termed a* colorimetric” transform, since the only
corrections are for flare and adaptation.

Asin the case of input prints, there are other possibilities: some or all of the personality of the
input medium can be removed, according to artistic intent, yielding different results, which
also depend on the style of gamut compression selected for output.
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Normally, the Dmjn of the input medium should be mapped to (XYZ)psq in the PCS. The
absolute, adapted XYZ of the Dyyjn, color is recorded in the “medium white point” tag.

Scanned negatives. Photographic negatives, of course, are not intended for direct viewing.
Therefore, the colorimetry that is relevant here might be that of a hypothetical reflection print
made from the negative and intended for viewing in the reference environment. No adaptive
corrections should be applied. The personality of the result isthat of the negative-positive
system as awhole. Again, other possibilities exist, depending on artistic intent.

Computer graphics: Such imagery is usually synthesized in the RGB space of adisplay monitor
that provides visual feedback to the operator. Thus, adaptive corrections may need to be
applied to the colorimetry of the monitor to define the colorimetry of areference print having
the same appearance.

The personality hereisthat of the synthetic image on the monitor screen.

Scene capture: This pathway refersto video cameras, electronic still cameras, and other
technologies (such as Photo CD™) that provide a capability of approximately determining the
colorimetry of objectsin areal-world scene. In most cases, the tone scale must be adjusted to
provide enough contrast for viewing the reference medium in the reference environment; the
colorfulness of the image should also be enhanced somewhat for that environment. The
personality of the result, of course, depends on the nature of these adjustments.

Colorimetric input: In some cases, input colors are specified that are intended to be processed
colorimetrically, without any tone shaping or chromatic enhancement. This might be the case,
for instance, when a scene-capture device is used to record the colorimetry of real-world
objects for scientific reasons, rather than for creating a pleasing reproduction. It may also be
the case when particular spot colors are specified in colorimetric terms. In these cases, the
specified colorimetric values are | eft intact in the transformation to the PCS; no adaptive
corrections or adjustments are applied. The PCS values should be represented in relative
colorimetry, and the “white point” tag specifies the reference point for the scaling. In some
cases this reference point will have aluminance of 1.0, and there will be no difference
between relative and absolute colorimetry. In other cases the reference point will have the
colorimetry of (say) the paper stock used in a spot-color sample book or of a particular light
neutral in a scene. In most of these cases, the preferred output rendering will also be
“colorimetric”. By default, as before, thiswill entail relative colorimetry; absolute colorimetry
can be achieved, outside of the default transforms, by taking account of the “white point” tags
of the input and output profiles and converting appropriately.

Animage of thiskind can be said to have no personality.

As can be inferred from some of these examples, the user may have a choice of input profiles
having different intents, as well as a choice among output transforms having different intents.
The end result depends on both of these choices, which, for the most predictable color
reproduction, should be made in coordination. To aid in this coordination, there are profile tags
that specify the rendering intent and that distinguish between input transforms that are
colorimetric (aside from possible corrections for flare and adaptation) and those that have applied
adjustments to the colorimetry.

Techniques for Colorimetry Corrections

Aswe have seen, if the viewing conditions of the medium are different from the reference (e.g.,
projected slides or video viewed in dim or dark surround), corrections to the colorimetry of the
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reproduction should be applied.# These should be designed to correct for differencesin the flare
light present in these environments, as well as the effects of non-normal surround, brightness
adaptation to the absolute radiant flux of the illumination, and any other effects that are found to
be significant. And if the medium was intended to be viewed under an illuminant of different
chromaticity than that of D50, the profile should incorporate corrections for chromatic
adaptation; these can simply be based on alinear scaling in XYZ (which happens automatically in
the CIELAB system); alternatively, it can be based on the linear Von Kries transformation® (or,
if preferred, a more sophisticated, nonlinear model of color appearance, such as that of Hunt6 or
Nayatani?).

If the creators of device profiles universally apply these corrections to their colorimetric
data, the PCS will have a universal, unambiguous interpretation, and images rendered
“colorimetrically” will evoke (as nearly as possible) the same appearance, regardless of
the medium and viewing environment of the reproduction. In this way, the same image
can be rendered on photographic transparency material, various reflective print media,
CRT’s, etc., and will, by and large, appear similar to the viewer. This goal cannot be
achieved simply by matching the colorimetry of the reproductions. Various forms of
explicit gamut compression and input effects can be made available for situations where
other goals are important; the recommended PCS interpretation does not limit these
possibilities in any way: it merely facilitates the default behavior of the color-
management system.

4Hunt, op. cit., pp. 56-61.

SR.W.G. Hunt, Measuring Color, Ellis Horwood, pp. 70-71.
6|bid., pp. 146-173.

7Y . Nayatani, K. Takahama, and H. Sobagaki, “Prediction of color appearance under various adapting conditions”,
Color Res. Appl., 11, 62 (1986).
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