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(57) Abstract: Color measurements are generated from transform-based device profiles for use in a measurement-based color man-
agement system. The color measurements are generated by providing device-dependent color samples to a transform-based color
management module and converting them to the profile connection space with the device’s transform-based profile. Color measure-
ments are then generated from the transform-based color management module by applying an identity profile in place of a destination
device profile. In addition, measurement data can be extracted directly from either the tone reproduction curve/matrix or n-dimen-
& sional lookup table transforms contained within a transform-based device profile. In addition, a method and apparatus for generating
v={ transform-based color profiles by a measurement-based Color Management System (CMS) is provided. The measurement-based
i) CMS generates the transform-based profile wherein the measurement-based color system is parameterized by color data and pro-
& cedures. The CMS may use a reference Profile Connection Space (PCS) loaded from a measurement profile, thus enabling user
& configuration of the generation process. The reference PCS may also be set to include a gamut that is appropriate for an eventual
g b3 p y g pprop
color-output device. In addition, a Gamut Mapping Model (GMM) used in the generation process is user-selectable as well as a
Device Model (DM). The DM may also be supplied as a pluggable module. The CMS also features user-selectable mapping from an
International Color Consortium (ICC) intent to a PCS profile and to a DM. The features of the CMS may be used in an application,

stand-alone profiling tool or in an operating system utility.



WO 2005/109318 PCT/US2005/015845

-1-
GENERATION OF COLOR MEASUREMENTS FROM TRANSFORM-BASED
COLOR PROFILES AND CREATION OF TRANSFORM-BASED PROFILES BY A
MEASUREMENT-BASED COLOR MANAGEMENT SYSTEM

BACKGROUND
Field of the Invention

[001] The present invention relates generally to Color Management Systems (CMSs) and
more particularly, to measurement-based CMSs that can generate transform-based profiles
either automatically or under user control and to a color management system for generating
color measurements from transform-based color profiles for use in a measurement-based

color management system.

Description of the Related Art

[002] Typically, color management systems utilize standardized transform-based color
profiles for the conversion of color image data between device-dependent and device-
independent color spaces. Such transform-based color profiles are often created by a
hardware manufacturer of a given color device, such as a printer or a digital camera.
Typically, transform-based color profiles are designed to meet the specifications set forth by
the International Color Consortium (ICC). The current specification is entitled Specification
ICC.1:2003-09, File Format for Color Profiles [Version 4.1.0], September 24, 2003, and may
be found at http://www.color.org/icc_specs2.html. The contents of the current specification

are incorporated herein by reference.

[003] A color transform contained in a transform-based color profile can be in the form of

an n-dimensional lookup-table (LUT) or a set of tone reproduction curves (TRC) and a
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matrix. For instance, in the case of a CRT monitor, a set of tone reproduction curves and a
matrix can be used by a CMM to convert RGB values used by the device to device-
independent color space values. The device-independent color space values can then be
converted to a device-dependent color space utilizing the same CMM in combination with

another device’s transform-based color profile.

[004] More recently, measurement-based CMMs have been developed that use device
profiles which include actual measurements of the device’s color characteristics, such as XYZ
measurements of color patch data from an IT8.7/2 target. Measurement-based CMMs are
sometimes called “smart” CMMs for their ability to use the actual measurements to obtain

increasingly refined color characteristics of the profiled device.

[005] Unlike a typical transform-based CMM, however, measurement-based “smart” CMMs
cannot directly utilize the color transforms contained within transform-based color profiles.
This is because “smart” CMMs directly utilize color measurement data profiles corresponding
to a color device to generate a color transform for converting image data from a device-

dependent color space to a device-independent color space.

[006] Given the widespread use of transform-based color profiles for color devices, such as
ICC color profiles, it is desirable to have a method for utilizing these transform-based color

profiles in combination with a measurement-based “smart” CMM.

[007] In addition, there are many software profile-building tools that convert colorimetric
measurement data into an International Color Consortium (ICC) device profile. Most of these
tools directly control various measuring devices, such as colorimeters, spectrophotometers,
and spectroradiometers, to capture the colorimetric data. The better tools offer some controls
to let users control some aspects of black-generation, under color removal, and similar areas
that address the many-to-one relationship between device control values and colorimetry.
Some tools even offer the option of directly manipulating the one dimensional lookup tables,

multi-dimensional lookup tables, and matrices in the resultant ICC device profile.

[008] It is also a common feature of these systems that the colorimetric measurements may

be stored in a data file. Often, these measurements are stored in a standard file format like the
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CGATS IT8.7 series of file formats.

[009] The profile-building tools referred to above are used to create transform-based
profiles that work in transform-based Color Management Modules (CMMs). A transform-
based CMM makes use of an internal Profile Connection Space (PCS) that has a
colorimetrically-defined color space volume. The viewing conditions of the PCS are strictly

defined. This allows the PCS values to represent a known appearance.

[0010] The ICC discovered that it was important that the PCS also have a limited volume, If
a printer device model, for example, had to map all possible color appearance values to fit
within the gamut of the printer, then the gamut of color appearance values produced by
typical source devices ends up over-compressed. In order to overcome this problem, the ICC
has defined a reference PCS gamut. Earlier, the definition of the PCS gamut was determined
by individual vendors, who often did not publish the characteristics of this gamut. Colors
within the PCS reference gamut occupy most or all of the printer’s gamut. Colors outside the
reference PCS gamut are either clipped or compressed into a narrow range of the printer’s
gamut. Note that similar compression may be necessary for input devices with a gamut that
extends outside the PCS reference gamut. One example is the gamut of a monitor. The light
green of the green primary is outside the typical PCS reference gamut and so must be

compressed.

[0011] ICC profiles are called transform-based profiles because mapping between the source
colorimetry in the source viewing conditions to the volume of the PCS in the PCS viewing
conditions, which requires a significant amount of processing and often requires certain
aesthetic decisions as well, is performed by the profile building software and is stored in the
profile in the form of a pre-computed transform. There are several steps involved in
computing this transform. First, the source device values must be converted into colorimetry
- a process called “device modeling.” Next, the source colorimetry and source viewing
conditions are used to create color appearance values in a color appearance space. If some of
the original color appearance does not fit within the PCS gamut, then some sort of gamut

mapping will be needed. Many different Gamut Mapping Algorithms (GMAs) are known; it
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is an aesthetic decision which one to use. This mapping from source device space to the PCS
gamut is called an AToB mapping. Once the mapping has been determined, the profile-
building application creates a multidimensional lookup table (LUT). Using the LUT, a CMM
can map from device control value to PCS value using simple table lookup and interpolation
techniques. All the complex calculations took place when the LUT was created. A similar
mapping, called a BToA mapping, is required to obtain device control values for an output

device from PCS values.

[0012] ICC users have long requested that suppliers of CMSs move from the “Smart
profile/dumb CMM” model to a “Dumb Profile/Smart CMM” model, that is, from a
transform-based architecture to a measurement-based one. In a measurement-based model,
the profiles contain only the colorimetric measurements themselves and the computation of
the color transformation is performed by the CMS. US patent 6,603,483 describes such an
architecture. Such measurement-based profiles are much easier for users to validate and, if

necessary, modify.

[0013] It may be the case in a networked computer environment that there are computers
where the operating system supports a transform-based CMS and computers where the
operating system supports a measurement-based CMS. A system based on measurement
profiles may need to print to a networked printer. If that printer either is on an operating
system using transform-based profiles or if the printer directly supports transform-based
profiles, then there may be a need to provide a transform-based profile that has equivalent
behavior to the color management transformation obtained from the measurement-based

profile in a measurement-based CMS.

[0014] In the case above, if the destination machine (printer or networked computer) does
not validate profiles, there is no need to create a completely conformant transform-based
profile, since only one of the two transforms (AtoB or BtoA) is needed. However, profile
building software will always build both transforms. Thus, it may be desirable to be able to

create only the needed elements of the transform-based profile from the measurements.

[0015] One approach would be to use the measurements as input to a typical ICC profile
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builder. There are several possible problems with this approach. First, it may be important to
perform this conversion in an automated system without requiring user intervention. Second,
the measurement-based profiles may not contain the specific measurement values needed for
the profile builder. Third, it is desirable to provide users with as much consistency with the
measurement-based CMS as possible. Fourth, it would be advantageous to use the device-
specific expertise that hardware vendors use in creating device model plug-ins for the
measurement-based CMS. It is also desirable that the solution be able to avoid the limitations
of the print-centric ICC PCS. (By “print-centric,” it is meant that the PCS gamut is shaped
like that of a typical ink-jet printer, with the most chromatic values being dark. When
transforming between two video displays, the print-centric gamut requires clipping colors to

the PCS gamut that are actually within the gamut of both the source and destination devices.)

[0016] In the networked environment described above, it may be desirable to obtain color
results that are as consistent as possible across all the computers, regardless of how their
CMS works. This is difficult to achieve when some profiles are measurement-based and the
intelligence is in the CMM and other profiles are transformed-based, with the intelligence in

the profile builder.

[0017] Therefore, a need exists for a CMS that is capable of generating transform-based
profiles from measurement-based profiles. The CMS should be capable of using as much
device-specific information as is available to the CMS and the generation process should be

capable of being automated. Various aspects of the present invention meet such a need.

SUMMARY OF THE INVENTION
[0018] In one aspect of the invention, color measurements are generated from transform-
based device profiles for use in a measurement-based color management system. The color
measurements are generated by providing device-dependent color samples to a transform-
based color management module and converting them to the profile connection space with
the device’s transform-based profile. Color measurements are then generated from the

transform-based color management module by applying an identity profile in place of a
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destination device profile. In addition, measurement data can be extracted directly from
either the tone reproduction curve/matrix or n-dimensional lookup table transforms contained

within a transform-based device profile.

[0019] In another aspect of the invention, a method and apparatus for generating transform-
based color profiles by a measurement-based Color Management System (CMS) is provided.
The measurement-based CMS generates the transform-based profile wherein the
measurement-based color system is parameterized by color data and procedures. The CMS
may use a reference Profile Connection Space (PCS) loaded from a measurement profile, thus
enabling user configuration of the generation process. The reference PCS may also be set to
include a gamut that is appropriate for an eventual color-output device. In addition, a Gamut
Mapping Model (GMM) used in the generation process is user-selectable as well as a Device
Model (DM). The DM may also be supplied as a pluggable module. The CMS also features
user-selectable mapping from an International Color Consortium (ICC) intent to a PCS
profile and to a DM. The features of the CMS may be used in an application, stand-alone

profiling tool or in an operating system utility.

[0020] In another aspect of the present invention, a color management system is provided in
which color measurements are generated mathematically from transform-based color profiles

for use in measurement-based color management systems.

[0021] According to one aspect of the invention, color measurements are generated for use in
a measurement-based color management system by accessing a transform-based color profile
which contains a color transform for transforming color data from a device-dependent color
space to a colorimetric device-independent color space. Color measurements are generated
using the color transform of the color profile. A color appearance-based transform is created
using the generated color measurements, wherein the color appearance based transform is
consistent with a color appearance model used by the measurement-based color management

system for transforming color image data to an internal color appearance space.

[0022] According to one aspect of the invention, device-dependent color samples are

supplied to a transform-based color management module. The device-dependent color
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samples represent color values at which a device would be measured to create a measurement
data profile. The supplied device-dependent color samples are converted to a colorimetric
device-independent color sp‘ace with the color management module by utilizing the acolor
transform contained within the transform-based color profile. The converted device-
dependent color samples are then scaled with an identity profile in order to generate color

measurements.

[0023] In this way, the invention provides a convenient method for generating color
measurements by utilizing pre-existing transform-based color profiles for use in “smart” color
management modules. Also, increased accuracy is achieved by scaling the generated color

measurements.

[0024] According to another aspect of the invention, in the case that the transform-based
color profile was created using measurements that were measured under viewing conditions
other than a D50 white point, the invention scales the generated color measurements with a
chromatic adaptation transform contained within the transform-based color profile. In this
way, the invention can accurately produce generated color measurements for devices with

different white points.

[0025] According to another aspect of the invention, when the color transform of the color
profile is an n-dimensional lookup table, measured data points are extracted from the n-
dimensional lookup table. Similarly, when color transform of the color profile is a set of tone
reproduction curves and matrix, measured data points are extracted from the set tone

reproduction curves and matrix.

[0026] In this way, the invention is able to reduce operating time and increase efficiency by
extracting measured data directly from the transform-based profiles for use in a “smart”

measurement-based color management module.

[0027] In one aspect of the invention, a measurement-based CMS generates a transform-

based profile for a transform-based CMS using parameterized color data and procedures.

[0028] In another aspect of the invention, a first transform is created using a device model, a



WO 2005/109318 PCT/US2005/015845
-8-

gamut mapping model, and a profile connection space device model. An AtoB look-up-table

is generated using a sampling of a device space and the first transform.

[0029] In another aspect of the invention, the device model is initialized using data in a
device model profile. Colorimetric data is then obtained using device color data and the
device model and appearance data is created from the colorimetric data using a color
appearance. A device gamut boundary used to initialize the gamut mapping model is then

generated using the appearance data. -

[0030] In another aspect of the invention, the device color data is a sampling of data from the

device model profile.

[0031] In another aspect of the invention, the device color data is a full sampling of a device

color space.

[0032] In another aspect of the invention, the profile connection space device model is
initialized using data in a profile connection space profile. Colorimetric data is obtained
using the proﬁle connection space device model. Appearance data is then created from the
colorimetric data using a color appearance model and a profile connection space gamut

boundary used to initialize the gamut mapping model is generated using the appearance data.

[0033] In another aspect of the invention, a second transform is created using a device
model, a gamut mapping model, and a profile connection space device model with a BtoA
look-up-table generated using a sampling of a profile connection space and the second

transform.

[0034] In another aspect of the invention, the AToB LUT is included in a transform-based

profile for a source device, the transform-based profile for use in a transform-based CMM.

[0035] In another aspect of the invention, the BtoA is included in transform-based profile for

a destination device, the transform-based profile for use by a transform-based CMM.

[0036] In another aspect of the invention, the measurement-based CMS generates only a
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portion of the transform-based profile based on a determination of the requirements of a

specific transform-based CMS.

[0037] In another aspect of the invention, creation of the transform-based profile is .

controlled by an automated workflow with no user intervention required.

[0038] In another aspect of the invention, creation of the transform-based profile is

controlled by user specifications.

[0039] In another aspect of the invention, a transform-based profile for a transform-based
color management system is generated within an application parameterized by color data and

procedures using at least one procedure that is selectable and pluggable by a user.

[0040] In another aspect of the invention, a transform-based color management module is
customized for use with a specified color output device by providing user-selectable
mappings from the International Color Consortium intent to a profile connection space profile
and a device model. A profile connection space device model is then generated using the
profile connection space profile. A first transform is created using the device model, a gamut
mapping model, and the profile connection space device model. Finally, an AtoB look-up-
table is generated for use in the transform-based color management module using a sampling

of a device space and the first transform.

[0041] In another aspect of the invention, customizing the transform-based color
management module further includes creating a second transform using the deviée model, the
gamut mapping model, and the profile connection space device mode and generating a BtoA
look-up-table for use in the transform-based color management module using a sampling of a

profile connection space and the second transform.

[0042] This brief summary has been provided so that the nature of the invention may be
understood quickly. A more complete understanding of the invention can be obtained by
reference to the following detailed description in connection with the attached drawings and

appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Figure 1 is a block diagram depicting the operation of a transform-based color

management system.

[0044] Figure 2 is a block diagram depicting the operation of a measurement-based “smart”

color management system.

[0045] Figure 3 is a block diagram depicting a method for generating color measurements

from a transform-based device profile.

[0046] Figure 4 is a block diagram depicting the method for scaling generated color

measurements to a white point other than D50.

[0047] Figure 5 is a formula for performing a color transform with a set of reproduction

curves and a matrix.

[0048] Figure 6 is a formula for performing a color transform with an n-dimensional lookup

table.

[0049] Figure 7 is a block diagram depicting the operation of a measurement-based “smart”
color management system using color measurements generated by a transform-based CMS in

accordance with an exemplary embodiment of the present invention.

[0050] Figure 8 is a deployment diagram depicting the use of a measurement-based CMM
that is part of a measurement-based CMS in an environment wherein some devices use
transform-based CMMs from a transform-based CMS in accordance with an exemplary

embodiment of the present invention.

[0051] Figure 9 is a block diagram depicting the operation of transform-based profile
generation process in a measurement-based CMM in accordance with an exemplary

embodiment of the present invention.

[0052] Figure 10 is a process flow diagram of a portion of a transform-based profile
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generation process in accordance with an exemplary embodiment of the present invention.

[0053] Figure 11 is a process flow diagram of another portion of a transform-based profile

generation process in accordance with an exemplary embodiment of the present invention.

[0054] Figure 12 is a block diagram illustrating the selection of a mapping from the ICC

intent to a PCS profile in accordance with an exemplary embodiment of the present invention.

[0055] Figure 13 is a block diagram illustrating the selection of a mapping from the ICC
intent to a device model in accordance with an exemplary embodiment of the present

invention.

[0056] Figure 14 is an architecture diagram for a data processing apparatus, such as a general
purpose computing machine, suitable for hosting a transform-based profile generation process

in accordance with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION

[0057] The present invention provides a color management method for mathematically
generating color measurements from color transforms in transform-based color profiles. The
generated color measurements are used as a color measurement data profile in a

measurement-based color management system.

[0058] Typically, the present invention is implemented in a computing environment. A
representative computing system may include computing equipment, peripherals and digital
devices which may be used in connection with practicing the present invention. The
computing equipment includes a host processor which comprises a personal computer
(hereinafter "PC"), preferably an IBM PC-compatible computer having a windowing
environment such as Microsoft Windows 98, Windows 2000, Windows Me, Windows XP, or
Windows NT, or other windowing systems such as LINUX. In the alternative, the host

processor may be an Apple computer or other non-windows based computers. The
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computing equipment also includes a color monitor, including a display screen, a keyboard
for entering text data and user commands, and a pointing device. The pointing device
preferably comprises a mouse for pointing and for manipulating objects displayed on the

display screen.

[0059] The computing equipment also includes computer-readable memory media such as a
computer fixed disk and a floppy disk drive. A floppy disk drive provides a means whereby
the computing equipment can access information, such as image data, computer-executable
process steps, application programs, etc. stored on removable memory media. In the
alternative, information can also be retrieved through other means such as a USB storage
device connected to a USB port, or through a network interface. Also, a CD-ROM drive
and/or a DVD drive may be included so that the computing equipment can access information

stored on removable CD-ROM and DVD media.

[0060] Various peripheral devices are generally used in the computing system. For example,
color bubble jet printers and color laser printers, which form color images on a recording
medium such as paper or transparencies or the like are typically employed. Preferably, the
printers form color images using cyan, magenta, yellow and black inks, although the present
invention can be used with printers and devices which use other colorant combinations. The
invention is also usable with other printers that use such colorant combinations, so long as the
printer is capable of being interfaced to computing equipment. In addition, other peripherals
including digital color scanners, digital color cameras, and digital video cameras may be

employed.

[0061] The internal architecture of the host processor of the computing equipment includes a
central processing unit (CPU) which interfaces with a computer bus. Also interfacing with
computer bus are a fixed disk, a network interface, a random access memory (RAM) for use
as a main run-time transient memory, a read only memory (ROM), a floppy disk interface, a
display interface for the monitor, a keyboard interface for the keyboard, a mouse interface for
the pointing device, a scanner interface for the scanner, a printer interface for the printers, and

a digital camera interface for the digital camera.
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[0062] The RAM interfaces with the computer bus so as to provide information stored in the
RAM to the CPU during execution of software programs such as an operating system,
application programs, such as a color management module, and device drivers. More
specifically, the CPU first loads computer-executable process steps from the fixed disk, or
another storage device, into a region of the RAM. The CPU can then execute the stored
process steps from the RAM in order to execute the loaded computer-executable process
steps. Data such as color images or other information can be stored in the RAM, so that the
data can be accessed by CPU during the execution of computer-executable process steps need

to access and/or modify the data.

[0063] The fixed disk contains the operating system, and application programs, such as a
color management system program. The fixed disk also contains a digital camera driver, a
monitor driver, a printer driver, a scanner driver, and other device drivers. The fixed disk
also includes image files, other files, transform-based device profiles for implementing the
present invention as described further herein, transform-based color management modules,
and measurement-based “smart” color management modules. The color management method
of the present invention is preferably performed by computer-executable process steps which
are stored on the fixed disk execution by the CPU, such as in one of the application programs
or in a measurement-based color management module. The process steps for extracting color
measured data from transform-based color profiles of the present invention are described in

more detail below.

[0064] Figure 1 is a block diagram depicting the arrangement of a typical transform-based
color management system. Color data from source device 2 is converted from a device-
dependent color space (e.g. RGB) to a device-independent color space by color management
module (CMM) 1. CMM 1 utilizes a color transform found in transform-based source profile
3. Such source profiles are also often called color profiles or device profiles. In transform-
based color management systems, the color transforms in a transform-based profile
transforms device-dependent color values into device-independent values defined by either
Commission Internationale de 1’Enclairage (CIE) XYZ under a D50 illuminant at an

illumination level of 500 lux or CIELab under a D50 illuminant at an illumination level of
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500 lux. The device-independent color space is also known as the profile connection space
(PCS). Once the source device’s color values have been converted to PCS, CMM 1 can then
utilize a destination profile to transform the color values from PCS to a different device-

dependent color space.

- [0065] Figure 2 depicts the arrangement of a measurement-based or “smart” color
management system. Instead of utilizing color transforms in device profiles to convert from a
device-dependent color space to a device-independent space, a “smart” color management
system utilizes color measurement data for the source and destination devices. This
measurement data is contained in source and destination measurement data profiles 13 and
14. The “smart” CMM constructs a model with the measurement data to map colors from a
source device to a device-independent, gamut-less, color appearance space. This model is
often called a color appearance-based transfrom. Using a similar technique, the “smart”
CMM maps the colors of the device-independent color appearance space to corresponding
destination device values. Typically, the measurement data is obtained by measuring the
output of a device with a colorimeter, spectrophotometer, or spectroradiometer. The
measurement data used by a “smart” color management system is in a scaled CIEXYZ

format.

[0066] Given the widespread use of transform-based device profiles, it would be convenient
to use transform-based device profiles in “smart” measurement based color management
systems. However, scaled CIEXYZ measurement data is not explicitly contained in
transform-based device profiles, and therefore, transform-based device profiles cannot be

directly used by “smart” color management systems.

[0067] Figure 3 depicts an embodiment for generating CIEXYZ measurement data with a
transform-based device profile. In this embodiment, a transform-based CMM is used to
generate measurement data. Initially, predetermined device-dependent color samples 16 are
supplied to transform-based CMM 17. In the case of an RGB scanner, for example, these
color samples represent the RGB values at which corresponding CIEXYZ measurements are

desired to be obtained. CMM 17 then accesses transform-based source profile 18, which
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corresponds to the source device for which color measured data is desired.

[0068] CMM 17 next converts the supplied device-dependent color samples into a
colorimetric device-independent color space. This conversion is accomplished by using the
color transform associated with the media-relative colorimetric or absolute colorimetric

rendering intents contained in source profile 18.

[0069] Either of the two colorimetric rendering intents can be used because they are both
based on measurement-based colorimetric values that are chromatically adapted to a D50
illuminant. In addition, the transform associated with these rendering intents is able to map
device colorants to a gamut-less PCS. Since, the absolute colorimetric rendering intent is
defined with measurements taken under a D50 illuminant, it is preferred. For example, both
of these colorimetric rendering intents are available in transform-based ICC profiles that are

Version 4.0 or higher.

[0070] The colorimetric color transform converts device colorants to a gamut-less PCS in
either a CIEXYZ or CIELab format. Since the measurement data used by the “smart” color
management system needs to be in a scaled XYZ format, it is desirable to convert the device-
dependent color samples into a CIEXYZ PCS. Now, the CIEXYZ PCS values can be
converted into the XYZ measurement data format used by the “smart” color management
system. This conversion is accomplished by utilizing the transform contained in identity

profile 19.

[0071] The transform in identity profile 19 is arranged to take advantage of the fact that the
PCS is already in the CIEXYZ format. In order to convert the CIEXYZ PCS values (which
range from 0 to OxFFFF) into generated measurement data, the identity profile provides the
transform-based CMM with an identity mapping that transforms the CIEXYZ PCS values
into channels. The first channel corresponds to the X component of CIEXYZ, the second
channel to the Y component, and the third channel to the Z component. The identity mapping
also scales each channel by the decimal fraction /65535 (65535 is the decimal equivalent of
OxFFFF). The scaling factor s represents the maximum X, Y, or Z value to be used by the
“smart” system. Typically, the X, Y, and Z values used by the “smart” system will range
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from 0 to 100. In that case, s is chosen to be 100. However, it is possible to have values that
are greater than 100. In order to avoid losing data and in order to maintain precision, it is
preferable to choose a scaling factor that is larger than 100 (e.g. s=120 or s=150). In this way,
any data associated with generated measurement values that exceed the anticipated maximum

will not be lost.

[0072] The scaled measurement values generated by CMM 17 may require further processing
as shown in Figure 4. Since the colorimetric transforms produce results relative to a D50
illuminant, further processing is required if the color transform associated with the
colorimetric rendering intent was created with actual measurements taken under viewing
conditions other than D50. If this is the case, the scaled XYZ generated color measurements
20 must also be scaled by applying chromatic adaptation transform (CAT) 22 found in the
transform-based profile. After the CAT is applied, the genefated XYZ measurement values
are relative to the viewing conditions that existed at the time the original 1heasurements were

taken.

[0073] After any necessary chromatic adaptation transforms have been applied, the generated
color measurements are ready to be used as either a source measurement data profile or
destination measurement data profile in a “smart” color management system. The “smait”
CMM can use the generated color measurements to construct a model, or color appearance-
based transform, that maps color values to a device-independent, gamut-less, color

appearance space, preferably in the CIECAM97 or CIECAMO02 format.

[0074] For example, Figure 7 depicts the operation of a measurement-based “smart” color
management system using color measurements generated by a transform-based CMS in
accordance with an exemplary embodiment of the present invention. In the example, both a
source measurement data profile 20a and a destination measurement data profile 20b are
depicted as being used with it being understood that either or both profiles may be used either
alone or in conjunction with each other. A measurement-based “smart” CMM 11 for a color
management system receives the generated color measurements for a source device 20a and

uses the generated color measurements for creation of a source device transform 30. The
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source device transform receives color values 27 in a device dependent color space from a
source device 28 and transforms the color values into color values 29 in a device independent
color space. The transformed color values are received into a Color Appearance Model
(CAM) 32 that is initialized using input viewing conditions 34. The resultant input viewing
conditions adjusted color values 31 from CAM 32 are received by a gamut mapping process
33 that maps the color values into mapped color values 35 that fall within the gamut of a

destination device 29.

[0075] The mapped color values are then received by another CAM 36 initialized using
output viewing conditions 38. The resultant output viewing conditions adjusted color values
37 are then transformed into color values 39 in a device dependent color space using a
destination device transform 40 created from generated color measurements for a destination
device 20b. The color values in the device dependent color space are then transmitted to

destination device 15 for use as appropriate.

[0076] In addition to utilizing an existing transform-based CMM to generate color
measurements, a “smart” CMM could be arranged so as to perform the functions of a

transform-based CMM internally.

[0077] In another embodiment of the invention, measurement data is extracted from
transform-based device profiles without the use of transform-based CMMs and predetermined
device-dependent color samples. Instead, the “smart” CMM reads the profile header and

transformation tags in the transform-based device profile.

[0078] Based on the information that is read, the “smart” CMM can determine what type of
colorimetric transform is available in the transform-based device profile. For example, the
colorimetric color transform for an RGB monitor will often contain a set of tone reproduction
curves (TRC) and a matrix. Figure 5 shows a formula by which a set of tone reproduction
curves and matrix transform RGB color data to a CIEXYZ PCS. Rather than using a
transform-based CMM to convert device-dependent color samples to CIEXYZ PCS, the
“smart” CMM can multiply the set of tone reproduction curves with the matrix to obtain the

XYZ measurement values. In addition, the “smart” CMM can apply a chromatic adaptation
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transform to the extracted XYZ measurement values to scale for a non-D50 white point as

described with reference to Figure 4.

[0079] XYZ measurement values can also be extracted from a color transform represented as
an n-dimensional lookup table. Figure 6 shows a formula by which a 3-dimensional lookup
table transforms RGB device-dependent color values to CIELab PCS. In order to obtain XYZ
measurements from the lookup table, linear interpolation sampling of an Lab entry point is
performed in order to find the corresponding linear R=G=B= value. If the optional 1-
dimensional matrix is used, that matrix is inverted and applied to the linear R=G=B= values
to obtain RGB values. The obtained RGB value corresponds to the Lab entry point used for
the linear interpolation. In order to obtain an XYZ measurement for the RGB value, the
associated Lab entry point is simply converted to CIEXYZ. As with the TRC/matrix
transform, the “smart” CMM can apply a chromatic adaptation transform to the extracted
XYZ measurement values to scale for a non-D50 white point as described with reference to

Figure 4.

[0080] Figure 8 is a deployment diagram depicting the use of a measurement-based CMM
that is part of a measurement-based CMS in an environment wherein some devices use
transform-based CMMs in accordance with an exemplary embodiment of the present
invention. A measurement-based CMM 11, which is part of a measurement-based CMS, is
hosted by a data processing system, such as computer 102. The computer may be coupled to
a color source device, such as scanner 104, from which the computer receives data including

color values for processing.

[0081] The computer may also be coupled to another data processing system, such as printer
server 108, hosting a transform-based CMM 1. The printer server may be coupled to a

destination color device, such as color printer 106.

[0082] In operation, the computer transmits data in the form of color values, such as color
image data, to the printer server for printing on the color printer. The data may come from
the scanner or may come from some other datastore on the computer such as a color image

stored in a file. In order to print the data on the color printer, the server must process the
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color values using tﬁe transform-based CMM. To do so, the transform-based CMM requires
that transform-based profiles be made available for both the source color device and the
destination color device. As the server has a transform-based CMM and is receiving the data
for printing from the computer, the server may require the computer to send at least a
transform-based profile for the source color device associated with the data for printing. In
addition, the server may rely on the computer to supply the server with transform-based

profiles for the destination color device.

[0083] As illustrated in Figure 8, using a measurement-based CMM in conjunction with a
transform-based CMM may result in incompatibility problems as the transform-based CMM
may be relying on the measurement-based CMM to supply transform-based profiles. Figure 9
is a process flow diagram of a transform-based profile generation process that may be used
within the context of a measurement-based CMS in accordance with an exemplary
embodiment of the present invention. A transform-based profile generation process 400 may
be added to a measurement-based CMM 11 in order for the measurement-based CMM to
communicate with a transform-based CMM 1 (both of Figure 8). The transform-based profile
generation process receives as inputs color data 402 and procedures 404 that parameterize a
measurement-based color system. The transform-based profile generation process uses the
color data and procedures to generate a transform-based profile 406 for a transform-based

color management system.

[0084] Depending on the intended use, the transform-based profile generation process may
be implemented as a system utility library or as a stand-alone application. A system utility
library requiring no manual intervention is particularly useful to address the desire to print
from an operating system using measurement-based profiles to a computer or printer using
transform-based profiles. As a system utility library, all selectable parameters are selected by
the operating system or a pro grammer whose code calls the operating system utility. In
addition, the measurement-based CMS could still support plug-ins for modeling certain

" devices or implementing certain gamut mapping algorithms.

[0085] A standalone profile building application would address the desire for consistent
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results between the measurement-based CMS and the transform-based CMS. In this
implementation, the measurement-based CMS is used to construct a profile for the transform-
based CMS. In this way, consistent device modeling and gamut mapping between the two
systems would be achieved. Furthermore, the device modeling can be done using plug-ins

provided by the hardware vendors who best understand the behavior of their devices.

[0086] To facilitafe different types of implementations, the operations of the transform-based
profile generation process may be controlled in various ways depending on the type of
implementation. For example, the transform-based profile generation process may operate
under the control of user inputs 408. These inputs may be a configuration specified by the
user in order to turn on and off certain features of the transform-based profile generation
process. The user may also specify which color data or procedures the transform-based
profile generation process uses by supplying software modules in the form of plug-ins or the
like. This flexibility is useful in situations were a user has a specific idea about how they

want a transform to be created.

[0087] In addition, a transform-based profile generation process may be controlled through
the operation of a workflow 410 that specifies how the transform-based profile generation
process is to operate. This feature is useful for automating a transform-based profile
generation process in order to hide the implementation features from a user, thus making the

transform-based profile generation process user-transparent.

[0088] By using either workflows or user inputs, the transform-based profile generation
process may be incorporated into various types of software objects. For example, the
transform-based profile generation process may be included in a measurement-based CMM in
order to add compatibility with a transform-based CMM. The transform-based profile
generation process may also be incorporated into an operating system of a computer system
such that the transform-based profile generation process is accessible to a variety of software
objects. In operation, a software object may supply as inputs to the transform-based profile
generation process the color data and procedures along with a workflow in order to generate

the desired transform-based profiles. A transform-based profile generation process may also
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be used in a stand-alone application used by a user to generate profiles to the user’s
specifications in order to customize a color input or output device. For example, a transform-
based profile generation process included in a stand-alone application may used to generate
transform-based profiles for a specific color device, such as a color monitor, so that colors
displayed on a monitor depict how the colors may appear on another surface, such as painted

metal.

[0089] Figure 10 is a process flow diagram of a portion of a transform-based profile
generation process in accordance with an exemplary embodiment of the present invention. A
transform-based profile generation process 400 initializes a device model 500 using data from
a measurement-based device model profile and its associated viewing condition. As the
device model is part of the measurement-based device model profile, the device model can
convert device model color values to colorimetry and vice versa. This device model may

either be a plug-in or part of a CMS.

[0090] The transform-based profile generation process then generates a device gamut
boundary 502 as follows. Either a sampling of data 504 from the device model profile or a
full sampling of the device color space 506 is run through the device model to obtain device
colorimetric data 506. The device colorimetric data is run through a Color Appearance Model
(CAM) 510 to create appearance data 512. CAM 510 is an instance of a color appearance
model element that has been initialized with a set of parameters. For preparation of the device
gamut boundary, the parameters represent the conditions under which the source image is
viewed. The appearance data is then used to create the device gamut boundary. Construction
of the gamut boundary may be accomplished in various ways. A one method is to construct a

three-dimensional mesh representing the convex hull of the data points.

[0091] Next the transform-based profile generation process uses data from a reference PCS
measurement profile 513 to create a gamut boundary 514 for the PCS. As described below,
mapping from a device space to a PCS is fundamentally like a color management process
used in a measurement-based CMM to map from a device space to another device space. To

process the PCS, reference viewing conditions for the PCS are used as specified in standards
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such as the ICC profile format specification. The information provided in the ICC profile
format specification is sufficient to compute all the data needed to initialize CAM 510. For

consistency and flexibility, this information may be stored in a measurement-based color

profile.

[0092] The measurement-based color profile may also be used to store samples that define
the reference gamut of the PCS. A transform-based profile generation process as described
above has two ways to create gamut boundaries. One way is to sample the complete device
space and use the device model to create measurement values. A second way is to use
measured samples from the PCS profile to create a reference gamut boundary. While both
methods may work, use of measured samples may be more computationally manageable.
Note that this profile-based approach is flexible. Ifit is desired to redefine the reference PCS

gamut, all one has to do is change the measurement data in the PCS device profile.

[0093] The ICC PCS is a modeling of an ideal device. By creating a PCS “device” model 516
of the PCS and using it as a model of a real device, the transform-based profile generation
process can take advantage of the color management processes used in the measurement-
based CMM. Creating a device model from colorimetry to the PCS encoding is straight-
forward. The transform-based profile generation process maps between the true colorimetric
values and the PCS encoded values. Since the CMS interface for device models may only
support XYZ color values in the XYZ color space, the transform-based profile generation
process may also have to map between the XYZ color space and the LAB color space. This is

a well-known transformation.

[0094] Once the PCS device model is initialized, color data from the PCS measurement
profile is run through the device model to obtain PCS colorimetric data 518. The PCS
colorimetric data is then run through CAM 519 to create PCS appearance data 520. CAM
519 is an instance of a color appearance model element that has been initialized with a set of
parameters. For preparation of the PCS gamut boundary, the parameters represent the
conditions specified for the PCS, namely, D50 under 500 Lux. The PCS appeafance data is
then used to create the PCS gamut boundary
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[0095] The transform-based profile generation process uses the device gamut boundary and
the PCS gamut boundary to initialize a Gamut Mapping Model (GMM) 522. The transform-
based profile generation process uses the device model, the GMM, and the PCS device model
to create a transform 524. The transform-based profile geng:ration process then transforms

sampling of device space 504 to create an AToB LUT 528.

[0096] Figure 11 is a process flow diagram of another portion of a transform-based profile
generation process in accordance with an exemplary embodiment of the present invention.
Figure 6 illustrates the creation of a BToA LUT 600. This is almost identical, with the roles
of source and destination exchanged. Also, the full PCS gamut is sampled to create the LUT.

[0097] In order to generate BToA LUT 600, transform-based profile generation process 400
initializes a device model 500 using data from a measurement-based device model profile and
its associated viewingcondition. The transform-based profile generation process then
generates a device gamut boundary 502 as follows. Either a sampling of data 504 from the
device model profile or a full sampling of the device color space 506 is run through the
device model to obtain device colorimetric data 506. The device colorimetric data is then run
through a Color Appearance Model (CAM) 510 to create appearance data 512. The -

appearance data is then used to create the device gamut boundary.

[0098] Next the transform;based profile generation process uses data from a reference PCS

measurement profile 513 to create a gamut boundary 514 for the PCS.

[0099] Once a PCS device model 516 is initialized, color data from the PCS measurement
profile is run through the PCS device model to obtain PCS colorimetric data 506. The PCS
colorimetric data is then run through CAM 510 to create PCS appearance data 520. The PCS
appearance data is then used to create the PCS gamut boundary

[00100]  The transform-based profile generation process uses the device gamut boundary
and the PCS gamut boundary to initialize a Gamut Mapping Model (GMM) 602. The
transform-based profile generation process uses the device model, the GMM, and the PCS

device model to create a transform 604. The transform-based profile generation process then
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transforms sampling of PCS space 606 to create BToA LUT 600.

[00101]  Referring again to Figure 1, once the transform-based generation process finishes
the generation of AToB LUT 528 (of Figure 10) or BToA LUT 600 (of Figure 11), the LUTs
may be included in a transform-based profile for use by transform-based CMM 1.
Specifically, the AToB LUT is included in transform-based profile 3 for source device 2 and
the BToA LUT 600 is included in transform-based profile 4 for destination device 5.

[00102] Tn another aspect of the invention, the transform-based profile generation process
may be used to generate customized transform-based profiles using user modified PCSs. As
an example, the ICC found that one PCS was not sufficiently flexible to meet all the intended
uses of a CMS. So, in version 4 of the Profile Specification, the ICC clarified that there are
actually two PCS encodings. One is used for the colorimetric intents, another is used for the
perceptual intent. (No PCS is specified for the Saturation intent. The ICC has left this part
ambiguous.) The colorimetric PCS has a minimum and maximum lightness specified, but
the chroma and hue values range to roughly + 127. Thus, this PCS looks like a rectangular
prism. As menﬁoned above, the perceptual PCS volume resembles the gamut of an inkjet

printer.

[00103]  The two ICC PCSs also have two different digital encodings. In the perceptual
- PCS, a value of zero represents a lightness of zero. In the colorimetric PCS, a value of zero
represents the minimum lightness of the PCS, which is greater than zero. This problem can

be solved by having a different device model for each of the PCS encodings.

[00104]  The present invention features a user-selectable mapping from the ICC intent to a
PCS profile and a user-selectable mapping from the ICC intent to a device model. Figure 12
is a block diagram illustrating the selection of a mapping from the ICC intent to PCS profile.
Perceptual intent data 702 and saturation intent data are mapped into an ICC perceptual intent
profile 706. In addition, relative colorimetric intent data 708 and absolute colorimetric intent

data 710 can be mapped into an ICC colorimetric PCS profile 712.

[00105]  Figure 13 illustrates mapping of intent to a device model. Perceptual intent data
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800 and saturation intent data 802 are mapped to an ICC perceptual device model 804.
Relative colorimetric intent data 806 and absolute colorimetric intent data 808 may be

mapped to an ICC colorimetric device model.

[00106] In addition, if the gamut of the device is larger than the gamut of the PCS, then
user-selectable Gamut Mapping Algorithms (GMAs) may be used to map from the device
gamut to the PCS gamut. Alternatively, a measurement-based CMS may provide a set of
default GMAs, with a default mapping from the four ICC intents to the GMAs. In the
measurement-based CMM described above, the GMAs may be implemented either by
baseline GMMs or by plug-in GMMs.

[00107]  To create the AToB LUTs for an ICC profile, a transform-based profile
generation process maps from a source device’s gamut to that of an appropriate PCS. To
create the BToA LUTs, the transform-based profile generation process maps from the PCS

~ space to the destination device’s gamut. The mapping for the AToB LUTs is quite similar to
that used in measurement-based CMS. For the perceptual PCS, the transform-based profile
generation process maps the device’s plausible gamut to the perceptual PCS gamut boundary,
using either clipping or compression for any out of gamut colors. For the colorimetric intents,
the transform-based profile generation process may have to clip lightness, but the chroma and

hue values will all fit in the colorimetric PCS gamut.

[00108]  The mapping for the BToA LUTs is a little different. The colorimetric intents are
still handled easily; the transform-based profile generation process just clips PCS values to
the gamut of the destination device. But the ICC requires that all possible PCS values map to
some device value, not merely those within the reference gamut of the perceptual PCS. So
the transform-based profile generation process ensures that the GMMs can handle source
colors that are outside the reference gamut. In one embodiment of a transform-based profile
generation process, this is handled by clipping those colors to the device’s gamut boundary. In
another embodiment of a transform-based profile generation process, the reference PCS
gamut is mapped to a color volume within the device’s gamut boundary and then the

transform-based profile generation process compresses the source colors outside the reference
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PCS gamut into the rest of the device’s gamut.

[00109] In some instances, it may be determined that the transform-based profile
generation process is creating an ICC profile to be consumed by a specific CMM, such as a
CMM installed on a specific printer. If it is known that the specific CMM does not perform
profile validation, then the transform-based profile generation process can optimize itself by
only supplying the portion of the profile, such as specific tags, that will actually be used by
the CMM. For example, if the transform-based profile generation process is creating an ICC
profile for embedding in an image, only the AToB LUTs will be used, so the transform-based
profile generation process does not have to generate the BToA LUTs. Further more, if the
transform-based profile generation process knows enough about the CMM and the
application being used to render the image on the output device, the transform-based profile
géneration process may know the specific tag that will be used from the profile. In that case,
the transform-based profile generation process need only generate that specific tag. The other
LUTs may either be left empty or “dummy” values may be created. These are the smallest

possible tag values that will produce a profile acceptable to the destination device.

[00110] In another embodiment of the invention, transform-based profile generation
process is used as a generator pipeline to create an ICC profile builder. The advantages of
using this pipeline are that the process would be as consistent as possible to the behavior of a

measurement-based CMS, while still supporting the ICC.

[00111]  Because these embodiments use the measurement-based CMS’s device models, it
is assured that the transform-based profile generation process can build an ICC profile

starting from any measurement-based profile accepted by the CMS. Note that this also means
that the transform-based profile generation process will use any extension data that may have

been added to the measurement profile and understood by proprietary plug-in device models.

[00112]  The explanation above was provided in terms of the ICC and its specific PCS.
But there is nothing in the approach that is limited to the ICC PCS. By specifying a different
profile or profiles for the device data and viewing conditions, it is possible to modify the

reference PCS used in the present invention.
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[00113]  Figure 14 is an architecture diagram for a data processing apparatus, such as a
general purpose computing machine, suitable for hosting a transform-based profile generation
process or measurement-based profile generation process in accordance with an exemplary
embodiment of the present invention. The data processing apparatus 900 includes a
processor 901 coupled to a memory 902 via system bus 904. The processor is also coupled to
external Input/Output (I/O) devices via the system bus and an I/O bus 905. A storage device
having computer system readable media 906 is coupled to the processor via a storage device
controller 908 and the I/O bus and the system bus. The storage device is used by the processor
to store and read data 910 and program instructions 912 used to implement the features of a

transform-based profile generation process as described above.

[00114]  The processor may be further coupled to a user output device 918 via a user
output device controller 920 coupled to the I/O bus. The processor uses the user output
device to display a user interface to a user to prompt the user of selections of color data and

procedures used in the transform-based profile generation process.

[00115]  The processor may be further coupled to a user input device 914 via a user input
device controller 916 coupled to the /O bus. The processor uses the user input device to
receive selections of color data and procedures used in the transform-based profile generation

Process.

[00116]  The processor may be further coupled to a communications device 922 via a
communications device controller 924 coupled to the I/O bus. The processor may use the
communications device to communicate with a transform-based CMM for transfer of the

generated transform-based profiles.

[00117] In operation, the processor loads the program instructions from the storage device
into the memory. The processor executes the loaded program instructions to implement the

features of the transform-based profile generation process as described above.

[00118]  The present invention has been described above with respect to particular

illustrative embodiments. It is understood that the present invention is not limited to the
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above-described embodiments and that various changes and modifications may be made by

those skilled in the relevant art without departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:
L. A method of generating a transform-based profile for a transform-based color
management system, comprising using a measurement-based color management
system to generate the transform-based profile wherein the measurement-based color

system is parameterized by color data and procedures.

2. The method of Claim 1, further comprising:

creating a first transform using a device model, a gamut mapping model, and a
profile connection space device model; and

generating an AtoB look-up-table using a sampling of a device space and the

first transform.

3. The method of Claim 2, wherein the AtoB look-up-table is included in the

transform-based profile for use by the transform-based color management system.

4, The method of Claim 2, further comprising:
initializing the device model using data in a device model profile;
obtaining colorimetric data using device color data and the device model;
creating appearance data from the colorimetric data using a color appearance
model; and
generating a device gamut boundary using the appearance data, the device

gamut boundary used to initialize the gamut mapping model.

5. The method of Claim 4, wherein the device color data is a sampling of data

from the device model profile.

6. The method of Claim 2, wherein the device color data is a full sampling of a

device color space.
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7. The method of Claim 2, further comprising: .

initializing the profile connection space device model using data in a profile
connection space profile;

obtaining colorimetric data using the profile connection space device model;

- creating appearance data from the colorimetric data using a color appearance

model; and '

generating a profile connection space gamut boundary using the appearance
data, the profile connection space gamut boundary used to initialize the gamut

mapping model.

8. The method of Claim 2, further comprising:

creating a second transform using a device model, a gamut mapping model,
and a profile connection space device model; and

generating a BtoA look-up-table using a sampling of a profile connection

space and the second transform.

9. The method of Claim 8, wherein the AtoB look-up-table is included in the

transform-based profile for use by the transform-based color management system.

10.  Any of the methods of Claim 1 to Claim 9, wherein the method is controlled

by an automated workflow with no user intervention required.

11.  Any of the methods of Claim 1 to Claim 9, wherein the method is controlled

by a user.

12.  An apparatus for generating a transform-based profile for a transform-based
color management system, the apparatus comprising:

a processor; and
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a program memory coupled to the processor and having programming
instructions executable by the processor stored therein, the programming instructions

executable to perform a method according to any of Claims 1 to 9.

13.  An apparatus for generating a transform-based profile for a transform-based
color management system, the apparatus comprising:

a processor; and

a program memory coupled to the processor and having programming
instructions executable by the processor stored therein, the programming instructions
executable to perform a method according to any of Claims 1 to 9 wherein the method

is controlled by an automated workflow with no user intervention required.

14.  An apparatus for generating a transform-based profile for a transform-based
color management system, the apparatus comprising:

a processor; and

a program memory coupled to the processor and having programming
instructions executable by the processor stored therein, the programming instructions
executable to perform a method according to any of Claims 1 to 9 wherein the method

is controlled by a user.

15. A computer-readable medium having computer-executable instructions stored
thereon, the computer-executable instructions executable to generate a transform-
based profile for a transform-based color management system using a method
according to any of Claims 1 to 9 wherein the method is controlled by an automated

workflow with no user intervention required.

16. A computer-readable medium having computer-executable instructions stored
thereon, the computer-executable instructions executable to generate a transform-
based profile for a transform-based color management system using a method

according to any of Claims 1 to 9 wherein the method is controlled by a user.
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17. A method of generating a transform-based profile for a transform-based color
management system within an application, comprising generating by the application
the transform-based profile wherein the application is parameterized by color data and

procedures and at least one of the procedures is selectable and pluggable by a uset.

18.  The method of Claim 17, further comprising:

creating a first transform using a pluggable device model, a pluggable gamut
mapping model, and a profile connection space device model; and

generating an AtoB look-up-table using a sampling of a device space and the

first transform.

19.  The method of Claim 18, further comprising:
creating a second transform using a pluggable device model, a pluggable
gamut mapping model, and a profile connection space device model; and
generating a BtoA iook-up-table using a sampling of a profile connection

space and the second transform.

20.  An apparatus for generating a transform-based profile for a transform-based
color management system within an application, the apparatus comprising:

a processor; and

a program memory coupled to the processor and having programming
instructions executable by the processor stored therein, the programming instructions

executable to perform a method according to any of Claims 17 to 19.

21. A computer-readable medium having computer-executable instructions stored
thereon, the computer-executable instructions executable to generate a transform- '
based profile for a transform-based color management system within an application

using a method according to any of Claims 17 to 19.
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22. A method of customizing a transform-based color management module for use
with a specified color output device, comprising:

providing user-selectable mappings from the International Color Consortium
intent to a profile connection space profile and a device model;

generating a profile connection space device model using the profile
connection space profile;

creating a first transform using the device model, a gamut mapping model, and
the profile connection space device model; and

generating an AtoB look-up-table for use in the transform-based color

management module using a sampling of a device space and the first transform.

23.  The method of Claim 22, further comprising:

creating a second transform using the device model, the gamut mapping
model, and the profile connection space device model; and

generating a BtoA look-up-table for use in the transform-based color
management module using a sampling of a profile connection space and the second

transform.

24.  An apparatus for customizing a transform-based color management module for
use with a specified color output device, the apparatus comprising:

a processor; and

a program memory coupled to the processor and having programming
instructions executable by the processor stored therein, the programming instructions

executable to perform a method according to any of Claims 21 to 23.

25. A computer-readable medium having computer-executable instructions stored
thereon, the computer-executable instructions executable to customize a transform-
based color management module for use with a specified color output device using a

method according to any of Claims 21 to 23.



WO 2005/109318 PCT/US2005/015845
-34 -

26. A color management method for generating color measurements for use in a
measurement-based color management system, the method comprising the steps of?

abcessing a transform-based color profile which contains a color transform for
transforming color data from a device-dependent color space to a colorimetric device-
independent color space;

generating color measurements using the color transform from the color
profile; and

creating a color appearance-based transform using the generated color
measureménts, wherein the color appearance-based transform is consistent with a
color appearance model used by the measurement-based color management system for

transforming color image data to an internal color appearance space.

27.  The color management method according to Claim 26, further comprising the
step of:

supplying device-dependent color samples to a transform-based color
management module; and

| wherein said generating step further includes,

coﬁverting the supplied device-dependent color samples to a colorimetric
device-independent color space with the color management module by utilizing the
color transform contained within the transform-based color profile accessed in said
accessing step, and

- scaling the converted device-dependent color samples with an identity profile in order

to generate the color measurements.

28.  The color management method according to Claim 27, wherein in the case that
the transform-based color profile was not created with measurements taken under a
D50 specific illuminant, said generating step further includes,

scaling the generated color measurements with a chromatic adaptation transform

contained within the transform-based color profile.
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29. The color management method according to Claim 28, wherein the transform-
based color profile includes a plurality of rendering intents, including an absolute

colorimetric rendering intent and a media-relative colorimetric rendering intent.

30. The color management method according to Claim 29, wherein the color
transform of the transform-based color profile is defined by the absolute colorimetric

rendering intent.

31.  The color management method according to Claim 29, wherein the color
transform of the transform-based color profile is defined by the media-relative

colorimetric rendering intent.

32.  The color management method according to Claim 29, wherein the supplied
device-dependent color samples are converted into a CIEXYZ color space at a D50

luminance having a power of 500 lux.

33.  The color management method according to Claim 29, wherein said scaling
step scales the converted device-dependent color samples by a decimal fraction of

100.0/65535.0.

34.  The color management method according to Claim 29, wherein said scaling
step scales the converted device-dependent color samples by a decimal fraction

120.0/65535.0.

35.  The color management method according to Claim 29, wherein said scaling
step scales the converted device-dependent color samples by a decimal fraction

150.0/65535.0.

36.  The color management method according to Claim 29, wherein the color

appearance-based transform created in the creating step is in a CIECAM97 format.
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37.  The color management method according to Claim 29, wherein the color

appearance-based transform created in the creating step is in a CIECAMO02 format.

38.  The color management method according to Claim 28, wherein the creating
step further includes,

unscaling the generated color measurements.

39.  The color management method according to Claim 26, wherein the color
transform is a set of tone reproduction curves and matrix and said generating step
further includes,

extracting color measurements from the set of tone reproduction curves and

matrix.

40.  The color management method according to Claim 39, wherein in the case that
the transform-based color profile was not created with measurements taken under a
D50 specific illuminant, the method further includes the step of:

scaling the extracted color measurements with a chromatic adaptation

transform contained within the transform-based color profile.

41.  The color management method according to Claim 40, wherein the transform-
based color profile includes a plurality of rendering intents, including an absolute

colorimetric rendering intent and a media-relative colorimetric rendering intent.

42.  The color management method according to Claim 41, wherein the color
transform of the transform-based color profile is defined by the absolute colorimetric

rendering intent.
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43.  The color management method according to Claim 41, wherein the color
transform of the transform-based color profile is defined by the media-relative

colorimetric rendering intent.

44,  The color management method according to Claim 39, wherein the color

appearance-based transform created in the creating step is in a CIECAM97 format.

45.  The color management method according to Claim 39, wherein the color

appearance-based transform created in the creating step is in a CIECAMO2 format.

46.  The color management method according to Claim 26, wherein the color
transform is an n-dimensional lookup table and wherein said generating step further
includes,

extracting color measurements from the n-dimensional lookup table.

47.  The color management method according to Claim 46, wherein the n-

dimensional lookup table is a three-dimensional lookup table.

48.  The color management method according to Claim 46, wherein in the case that -
the transform-based color profile was not created with measurements taken under a
D50 specific illuminant, the method further includes the step of:

scaling the extracted color measurements with a chromatic adaptation

transform contained within the transform-based color profile.

49.  The color management method according to Claim 48, wherein the transform-
based color profile includes a plurality of rendering intents, including an absolute

colorimetric rendering intent and a media-relative colorimetric rendering intent.
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50.  The color management method according to Claim 49, wherein the color
transform of the transform-based color profile is defined by the absolute colorimetric

rendering intent.

51.  The color management method according to Claim 49, wherein the color
transform of the transform-based color profile is defined by the media-relative

colorimetric rendering intent.

52.  The color management method according to Claim 47, wherein the color

appearance based transform created in the creating step is in a CIECAMY97 format.

53. The color management method according to Claim 47, wherein the color

appearance based transform created in the creating step is in a CIECAMO02 format.

54. An apparatus for generating color measurements for use in a measurement-
based color management system, the apparatus comprising:

a program memory for storing process steps executable to perform a method
according to any of Claims 26 to 53; and

a processor for executing the process steps stored in said program memory.

55. Computer-executable process steps stored on a computer readable medium,
said computer-executable process steps for generating color measurements for use in a
measurement-based color management system, said computer-executable process
steps comprising process steps executable to perform a method according to any of

Claims 26 to 53.

56. A computer-readable medium which stores computer-executable process steps,
the computer-executable process steps for generating color measurements for use in a

measurement-based color management system, said computer-executable process
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steps comprising process steps executable to perform a method according to any of

Claims 26 to 53.

57. A measurement-based color management system using color measurements

generated by a method according to any of Claims 26 to 53.

58.  Computer-executable process steps stored on a computer readable medium,
said computer-executable process steps for a measurement-based color management
system using color measurements generated by a method according to any of Claims

26 to 53.

59. A computer-readable medium which stores computer-executable process steps,
the computer-executable process steps for a measurement-based color management
system using color measurements generated by a method according to any of Claims

26 to 53.
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