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[57] ABSTRACT

An operating system software architecture, implemented in
an object-oriented design, supports and processes color. The
object-oriented design has two levels, one being a class
(TColor) defining a virtual abstract base class and being a
container class containing calibrated colors, the other being
a class (TDeviceColor) defining a virtual abstract base class
and a container class containing uncalibrated colors. Several
calibrated color classes including a class (TXYZColor)
defining XYZ color space descend directly from class
(TColor), several uncalibrated color classes including a class
(TRGBColor) descending directly from class (TDevice-
Color), a class (TColorGamut) storing color gamut infor-
mation of peripheral devices that may interface with the
architecture, and a class (TColorProfile) storing tonal repro-
duction curves of the peripheral devices provide data struc-
tures, together with method functions for various color
processing. The architecture is extensible to add new color
classes as new color models and devices are developed, to
add new color matching algorithms as desired, allows users
to work in color space of their choice, and provides for color
matching amongst any peripheral devices interfacing with
the architectiire.

61 Claims, 5 Drawing Sheets
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OPERATING SYSTEM SOFTWARE
ARCHITECTURE AND METHODS FOR
SUPPORTING COLOR PROCESSING

BACKGROUND OF THE INVENTION

1. Field of the Invention :

The present invention relates generally to operating sys-
tem software architectures and, more particularly, to an
operating system software architecture and methods for
supporting color processing.

2. Description of Related Art

Computer systems are information-handling systems that
are designed to process a wide variety of information
including text and graphics. These computer systems,
including their hardware and software, are becoming
increasingly sophisticated so as to be able to process this
information in color, but are still limited in their ability to
support and process such color information. For example,
one area of such limited capability of computer systems
relates to interfacing with and supporting a wide variety of
peripheral devices that display, print, plot or otherwise
present color to a viewer under computer control. Another
area is the limited ability of a computer programmer or
computer user to program or process color in a “color space”
of his or her choice on the computer system.

More specifically, and with respect to the one area men-
tioned above, several of the more prevalent color peripheral
devices include displays such as computer monitors and TV
screens, printers such as ink-jet, laser and photolithography
printers, and plotters such as electrostatic and drum/flatbed
plotters. Each of these devices may be coupled to or inter-
face with the computer system, in which the color informa-
tion that is displayed, printed or plotted is processed by the
computer system’s hardware, operating systems software
and applications software.

At least two aspects of these color peripheral devices
relate to (1) the color space in which they operate and (2)
their color device-dependency. Color space is three-dimen-
sional space in which each point in the space corresponds to
a color. For example, RGB color space is a device color
space in which each point is a color formed of the additive
amounts of red (R), green (G) and blue (B) colorants. A color
monitor or a TV screen typically operates in RGB color
space in which red, green and blue colorant phosphors on the
monitor or screen are combined to display a particular color.
Another example is CYMK color space in which each point
is a color formed of the subtractive amounts of cyan (C),
magenta (M), yellow (Y) and black (K). Printers using ink
normally operate in CYMK color space in which the ink
colorants are combined to form a color on a hard copy
medium. Other color spaces related to various color devices
are well-known in the art.

Color device-dependency is associated with the fact that
each device has its own “color gamut”. A color gamut is the
range of colors producible within the color space with a set
of colorant phosphors, inks or other colorants of the given
device. In other words, the color gamut of a given device
constitutes a particular region of the visible colors that can
be produced by the device. For example, an RGB color
monitor manufactured by one manufacturer may have a
different color gamut than an RGB color monitor manufac-
tured by another manufacturer, or different models of color
monitors manufactured by the same manufacturer may have
different color gamuts, thereby making their producible
colors “device-dependent”. In addition, each device may
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have its own color “profile”, which is a measure of how
non-ideal the particular device is in actually producing a
color called for within its gamut. Thus, for example, the
same red tie displayed on two different color monitors may
have a different color red appearance, thereby resulting in
device dependency and color inaccuracies. For a more
detailed explanation of color, color space, color gamuts and
other color related principles described and illustrated in this
specification, reference may be made, for example, to Prin-
ciples of Color Technology, 2nd Edition, by Fred W. Bill-
meyer, Jr. and Max Saltzman, John Wiley & Sons, 1981;
Color and the Computer, by H. John Durett, Academic
Press, Inc., 1987; and Computer Graphics: Principles and
Practice, by Foley et al., Addison-Wesley Publishing Co.,
Inc., 1990.

One feature of color processing in such prior computer
systems relates to “color matching”. A user of the computer
system may want to use the printer to make a hard copy of
a color image that appears on the color monitor, or may want
to present a color image on the monitor of a hard copy image
appearing on the printer. Since these peripheral devices
operate in different color space and have different gamuts
and profiles, the color of an image appearing on one device
will not match the color appearing on the other device.
However, the computer system will have a software oper-
ating systems architecture that will implement a color
matching scheme whereby the color appearing on one of the
devices will closely, if not substantially identically, be
caused to match the color transferred to the other device.

Prior software operating systems architectures are limited
in their color processing capability. One limitation is that the
operating systems architecture may not be able to support a
given peripheral device functioning in a color space for
which the architecture was not designed or could not be
modified to support. Also, a prior architecture may be
capable of supporting and matching color of a particular
peripheral device, such as a color monitor, having its own
color space, gamut and profile characteristics to another
peripheral device, such as a particular color printer having
its own such color characteristics. Nevertheless, another
limitation is that if one or more different types of color
monitors and printers having color characteristics different
from the above-mentioned particular color monitor and
printer are coupled to the computer, and/or other types of
color peripheral devices are coupled to the computer, such as
a plotter or a color TV camera, the prior computer system,
and specifically its operating systems architecture, will not
be able to support color matching for any of these other
different peripheral devices.

Furthermore, as to the other area mentioned above, com-
puter users of the computer system may want to work in any
number of color spaces of their choice different than the
color spaces of the peripheral devices supported by the prior
limited operating systems architecture. For example, two
color spaces in addition to RGB and CYMK color spaces are
known as Luv and HSL color spaces. However, the com-
puter user working on the above-described computer sys-
tems having the limited operating systems architecture may
be able to work only in the RGB color space of the monitor
or the CYMK color space of the printer, and not the other
color spaces.

SUMMARY OF THE INVENTION

The present invention provides a unique operating sys-
tems architecture and methods that support color processing
on a global scale. The operating systems color architecture
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and methods support any number of different peripheral
color devices, -as well -as any different number of color
matching schemes. In other words, the color architecture of
the present invention is not tied or constrained to any one
peripheral device manufacturer’s approach to color usage
for its devices, nor is the architecture itself a color matching

scheme. Moreover, as new color peripheral devices are -

interfaced with a given computer system having the archi-
tecture of the present invention, the manufacturer of such
new devices will be assured that they will properly com-
municate with all existing color peripheral devices inter-
faced to the system.

Furthermore, the operating systems color architecture and
methods free color users of the architecture to work in any
color space that they prefer, and is fully extensible so that as
new color models or spaces may be created or required by

10

15

applications software programmers, they can be added to .

and thereby be supported by the architecture. Concomi-
tantly, the architecture of the present invention ensures that
as color models are added, they are fully integrated into and
can use any other color models that had already been added
to the system.

Also, two overall types of color spaces exist, one being
uncalibrated color or device dependent and the other being
calibrated color or device independent. In accordance with
another feature of the present invention, the architecture
supports calibrated colors, together with uncalibrated colors
which have their own gamuts so that each uncalibrated color
knews how to make itself calibrated, i.e., how to specify
their relationship to calibrated color space.

The operating: systems color architecture of the present
invention is implemented as an object-oriented design to
carry out the above-mentioned features. The general theory
and techniques of object-oriented design are well-knewn in
the art, as described, for example, in Object Oriented Design
with Applications, by Grady Booch, The Benjamin/Cum-
mings Publishing Company, 1991.

According to one aspect, the object-oriented operating
systems color architecture of the present invention includes
an integrated color module having one interface level being
a class (TColor) defining a virtual abstract base class and a
container class containing calibrated colors, another inter-
face level being a class (TDeviceColor) defining a virtual
abstract base class and a container class containing uncali-
brated colors, a class (TColorGamut) containing data defin-
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ing the color gamut of each peripheral device interfacing .

with the architecture, and a class (TColorProfile) containing
data defining a tonal reproduction curve for each such
peripheral device; an input interface software module for
inputting color data from peripheral devices to the integrated
- color module; and an output software interface module for
outputting color data processed by the integrated color
module to peripheral devices.

50

According to another aspect, the object-oriented software - -

systems -architecutre of the present invention has a class
(TColor), from which all color classes descend, which is a
base class and a container class for calibrated colors; a class
(TDeviceColor), descending directly from the class
(TColor), which is a base class and a container class for
uncalibrated colors; at least one -calibrated color class
(TXYZColor) descending directly from class (TColor); at
least one uncalibrated color class (TRGBColor) descending
directly from class (TDeviceColor); a class (TColorGamut)
containing a template for storing color gamut information of
one or mere peripheral devices; and a class (TColorProfile)
containing a template for storing color profile information of
the one or more peripheral devices.
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According to yet another aspect, the present invention
constitutes-a color processing system having a data proces-
sor capable of interfacing with a plurality of peripheral
devices; and an object-oriented software operating systems
architecture which has one or more of the properties -of 1)
processing calibrated and uncalibrated colors in relation to
calibrated and uncalibrated color space, respectively;. ii)
transforming uncalibrated colors into calibrated colors; iii)
every color getting an RGB color and an XYZ color from
itself; iv) every color setting itself with-an RGB color and an
XYZ color; v) every color constructing itself from a TColor;
vi) every color setting itself from a TColor; vii) interfacing
with any peripheral device which knows what colors:it can
produce/record by having a measureable color gamut; and
viii) ‘interfacing with any peripheral device which knows
how to characterize itself with respect to an ideal device by
having measureable tonal reproduction curves.

Yet in another aspect, the method of the present invention
constitutes the architecture receiving source color data from-
a source color device; calling a class (TColorGamut) storing
data identifying the color gamuts of the source color device
and a destination color device, respectively; calling a class
(TColorProfile) storing data identifying the color profiles of
the source color device and-the destination color device,
respectively; calling a class (TColortMatcher) storing a
method function for matching the color of the source color
device to the color of the destination color device; using the
method function, the color gamut data and the color profile
data of the source color device and the -destination color
device to provide destination color data matching the source
color data; and sending the destination color data to the
destination color device.

Other aspects and advantages of the present invention can

be seen-upon review. of the figures, the detailed description
and the claims which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram of a computer system having the
operating systems color architecture of the present invention
which supports color processing.

FIG. 2 is a chromatic graph illustrating color space and
color gamuts.

FIG. 3 is a geometric graph illustrating a tonal reproduc-
tion curve or profile for one colorant of a peripheral device. :

FIG. 4 illustrates.in block diagram the basic software
components of the present invention.

FIG. 5 is a class diagram of the color architecture of the - -
present invention -as implemented in an object-oriented

- programming design.

FIG. 6A and FIG. 6B illustrate pictorially the transfor-
mations of color from one color space to one or more other
color spaces.

FIG. 7 illustrates CIE color matching functions.

FIG. 8 shows pictorially one example of a coler-matched
process carried -out by the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates a computer system 10 that includes a
computer or data processor 12 which may interface with one
or more of a plurality.of peripheral devices 14. Each of these
peripheral devices 14 is a color device that can be added to
or removed -from interfacing with the processor 12. The
peripheral devices 14 are examples of color devices that can



5,528,261

]

provide color information to or receive color information
from the data processor 12. Thus, for example, the color*
devices 14 may include a monitor 16, a monitor 18, a drum
scanner 20, a flatbed scanner 22, a camera and frame grabber
24, a transfer printer 26, a drum/fiatbed plotter 28, a dot
matrix printer 30, an electrostatic plotter 32, a laser printer
34, an ink-jet printer 36 and a photolithography printer 38.
While only a single data processor 12 is shown, the oper-
ating systems software architecture of the present invention
also will support multiple processors 12 which may be
coupled in a paralle] hardware architectural system.

The peripheral devices 14- which interface with data
processor 12 are real devices which operate under various
color spaces, such as RGB celor space for monitor 16 or
monitor 18, and CYMK color space for printer 36. In
addition, FIG. 1 illustrates virtual devices 40 which may
interface with processor 12 and which manipulate color in
selected color spaces. For example, a virtual device 42 may
manipulate color in a known color space HLS, whereas
another virtual device 44 may manipulate color in another
known color space xyY. :

Each peripheral device 14, operating in a given color
space, may have its own individual color gamut and color
profile. FIGS. 2-3, respectively, illustrate by way of
example for each of the devices 14 a chromatic graph 46 and
a geometric graph 48. The two-dimensional graph 46 of FIG.
2 shows a color space CS, such as RGB color space, under
which, for example, monitor 16 and monitor 18 both oper-
ate. Nevertheless, the monitor 16 and monitor 18 have
different color gamuts CG illustrated in FIG. 2 as gamuts
CG16 and CG18, respectively. The information in FIG. 2 is
plotted in CIE (“Commission International de 1’Eclairage”)
chromaticity space xyY. The third dimension Y is not shown,
though color gamuts are three-dimensional objects. The
graph 48 shows different color profiles or tonal reproduction
curves TRC16 and TRC18 for one color, e.g., red, for the
respective monitor 16 and monitor 18. These curves TRC16
and TRCI18 represent a measure of how non-ideal each
monitor 16 and 18, respectively, is in reproducing the color
red within the respective color gamuts CG16 and CG18.

Each graph 46 and graph 48 represents color data that is
stored in the data processor 12 for each of the devices 14 for
use by the operating systems color architecture of the
present invention to carry out color processing as will be
described more fully below. Thus, for example, monitor 16
may be manufactured by one company and monitor 18 may
be manufactured by another company, or monitors 16 and 18
may be different models manufactured by the same com-
pany, and both may operate under RGB color space. Nev-
ertheless, each may have a different color gamut CG and
tonal reproduction curve TRC. The same would be true for
all of the other peripheral devices 14 shown on FIG. 1, and,
yet, the color operating systems architecture of the present
invention is extensible to support color processing with
respect to all these different types of real and virtual devices.

FIG. 4 illustrates operating systems software 50 (also
shown in FIG. 1) that includes an input interface module 52,
a color model architecture 54 and an output interface module
56. Input interface module 52 interfaces indirectly with the
peripheral devices 14 to supply color information for pro-
cessing by the color model architecture 54. The output
interface module 56 interfaces with the peripheral devices
14 to output color information processed by the color model
architecture 54 to the peripheral devices 14.

FIG. 5 illustrates a class diagram of the color architecture
54 implemented in an object-oriented programming design.

10

15

20

25

30

40

50

55

60

65

6

This class diagram shows the existence of classes and their
relationships in the logical design of the architecture 54. In
conventional class diagram nomenclature, an icon or “amor-
phous blob”, such as the one identified TColor (Block 58),
represents a class being an abstraction with crisply defined
boundaries. Also, other icons shown as arrows indicate
inheritance relationships between the classes, so that, for
example, the class identified as TXYZColor (Block 58A)
inherits from the class TColor (Block 58) and the class
identified as TSpectralColor (Block 58Aa) inherits from the
class TXYZColor (Block 58A). Generally, a class or object
in object-oriented design encapsulates structure (i.e., data)
and behavior (i.e., method functions) which operate on the
structure.

The color architecture may be written in any one of a
number of different object-oriented programming lan-
guages, such as the well-known languages identified as
Smalltalk, Ada, CLOS, C and C+++. The present specification
describes the architecture 54 as if it were written in the
language C++.

The architecture 54, based on object-oriented principles,
will have a number of general properties as will now be
described. Data are abstracted and encapsulated, that is,
objects that represent color, or objects that contain color, can
be represented in many different forms with varying types of
data format without changing the overall architecture 54.
The interfaces to the objects will remain constant while the
objects themselves are abstract and independent. In object-
oriented design, an interface is an outside view of a class or
object, which emphasizes the abstraction of the class or
object while hiding the structure and behavior of the class or
object.

Furthermore, all objects that descend from a color base
class such as base class TColor (Block 58) described more
fully below will have the same properties as the base class
and are polymorphic with respect to base class operations.
This is called inheritance, which means that any color object
that descends from the base class inherits the properties of
the base class and can be used to represent an instance of the
base class or be substituted wherever a base class is called
for. This allows virtually unlimited color spaces to be
represented and used by the systems architecture 54 without
a programmer or user knowing just exactly how its data
content is represented. Color spaces and color matching
therefore can be extended as new color models and matching
schemes are developed, which is the extensibility feature of
the architecture 54.

In addition, the above properties are further amplified if a
base class is represented by a template class. In the pro-
gramming language C++, a template class refers to a set of
classes that share the same properties, or in other words a
class of classes. Several template classes are described
below.

As an example, consider an object represented by the
general abstract class TColor (Block 58). Suppose the con-
tent of the object is represented as four component pieces of
cyan (C), magenta (M), yellow (Y) and black (K). The size
and definition of these component pieces is retained by the
object and is hidden from its client user. Take another
TColor class object whose components are made up of
NTSC YIQ values, again defined by the ebject itself. One
color can be added to the other (for some definition of add),
or matched to the other or copied simply by accessing the
method functions of the interface. In pseudo-code, these
three alternatives of adding, matching or copying may be
written, as follows:
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/* These are the definitions of two different
types of coler classes. */
class TCMYKColor : public. TColor {
}Definition for CYMK color };
Class TYIQColor : public TColor {

//MDefinition for YIQ color };
/* Now instantiate one of each */
TYIQColor colorYIQ(,y,q);/ set with some predefined
i,y,q values
TCMYKColor colorCMYK(e,m,y.k); // set also with some
predefined values
TXYZColor colorXYZ; // some other color object
/* Add the two colors together to make a third */
colorXYZ = colorYIQ + colorCMYK;
/% convert colorCMYK to match colorYIQ */
colorCMYK = colorYIQcolorYIQ; // the original colortCMYK
is gone at this point

Operations. of the above type are complete and well
defined because the addition operation, i.e., a method func-
tion stored in class TColor (Block 58) is well defined by the
base class TColor (Block 58). The way this add operation
may be performed by the base class is first both colors
CMYK and YIQ are converted or transformed to a common
and well-known calibrated color (XYZ in this case). That is,
colorYIQ and colorCMYXK both get transformed to col-
orXYZ, respectively, using a given transformation process
oralgorithm (which also may be stored as a method function
in class TColor (Block 58). These two XYZ components are
then added in XYZ color space to obtain the resultant color
in XYZ space. If the final color is to be XYZ color, then-no
further transformation need occur and the resultant color
may be stored in class TXYZ (Block S8A). If the final color
is to be other than XYZ color, then another transformation
will occur using a given transformation algorithm (also
stored as a method function in, for example, class TColor),
from resultant color XYZ into the final color and stored in
the corresponding class.

Furthermore, the architecture 54 also supports equally
well operations within a single color space, e.g., TXXX-
Color=TXXXColorl TXXXColor2, or operations between

color- spaces, e.g., TXXXColor=TFOOColor+TBARColor.'

Operations within a single color space are defined by the
color space. Operations between color spaces are defined by
the transformation to a calibrated color space, e.g. XYZ,
operate in the calibrated color space, and then get untrans-
formed.

Another general feature of the architecture 54 is that all of
the color classes (calibrated and uncalibrated) descend from
the base class TColor (Block 58). This, as will be described
more fully below, enables the architecture 54 to use the
object-oriented principle of polymorphism on colors. Poly-
morphism is a concept according to which a name (such as
a variable declaration) may denote objects of many different
classes that are related by a common superclass, i.e., class
TColor (Block 58); thus, any object denoted by this name is
able to respond to some comparison set of operations in
different ways.

Also, the color architecture 54 represented by the class
diagram of FIG. 5 essentially has two levels. The first level
is indicated by the class TColor (Block 58 and its sub-
classes). As already indicated, the class TColor (Block 58)
is both an interface defining a virtual abstract base class and
a container class which contains device independent or
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Color (Block 60 and its subclasses). This class TDevice-
Color (Block 60) serves as an interface defining a virtual
abstract base class and a container class for device-depen-
dent or uncalibrated color space, as described more-fully
below. Each class TColor (Block 58) and class TDevice-
Color (Block 60) being an abstract base class, means that
these classes are written such that their subclasses add to:the
class structure (data) and behavior (member functions).

In addition to the above-described general properties;-the
color architecture 54 has one or more of. the following
specific properties:

1. The architecture 54 processes every color in relation to
acolor space; calibrated or uncalibrated, such as Lab or
HSL, respectively.

2. The architecture 54 processes colors that are or may be
transformed to calibrated colors.

3. Every color can “set” itself from a given uncalibrated
color such as RGB. color and a given calibrated color
such as XYZ color.

4. Every color can “set” itself with a given uncalibrated
color such as RGB color and a given calibrated color -
such as XYZ color.

5. Every color can “set” itself from a TColor.
6. Every color can construct itself with a TColor.

7. The architecture 54 can support any peripheral device
14 which knows what colors the device 14 can produce/
record, i.e., what its color gamut CG is.

8. The architecture 54. can support any peripheral device
14 which knows how ideal the device 14 is, i.e., what
its-tonal reproduction curve TRC is.

Since every color is processed in relation to a color space

this means that the color is well defined and that’ a trans-

formation may exist into and out of its space. Also, since. all
colors are or may be transformed into a calibrated color, it
is possible to transform a color from one space to. another
space correctly. This does not imply that a device 14 can

produce that color. If the color of the device 14 which is a

source, such as monitor 16, is out of gamut to the color

gamut of a device 14 which is the destination, such as printer

34, then-a color matching algorithm should be employed.

Color matching will be non-reciprocal if the destination

color gamut is not equal to or contained in the source color

gamut.

In using the color-architecture 54, there should be at least
one color space that all colors can transform into or out of.
As an example, this is chosen to be the XYZ color space,
since this space contains all of the known visible colors.
From a practical point, however, the choice of XYZ as the
one color space that all colers can transform into and out of
may not be entirely satisfactory. An additional color space. .
that'is utilized is the RGB color space. This is because:-
almost all uncalibrated colors can transform themselves into
and out of the RGB color space using well-known transfor-
mation algorithms. From a practical standpoint, therefore,
the architecture 54 supports the additional processing that
each color can set/get itself with or from- XYZ color space
and with or from RGB color space.

FIG. 6A illustrates pictorially the transformation provided
by the architecture 54 from a given uncalibrated color into
a colar in XYZ color space. FIG. 6B illustrates pictorially
the transformation provided by the architecture 54 from a
given calibrated color to RGB color space. Thus, as shown
in FIG. 6A, an uncalibrated color in ColorSpacel. may be
transformed to an uncalibrated color such as RGB color in
RBG color space using a known transformation algorithm
and then into a calibrated XYZ color of XYZ color:space
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using a known transformation algorithm. As shown in FIG.
6B, a calibrated color in ColorSpace2 may be transformed to
an XYZ color in XYZ color space using a known transfor-
mation algorithm, and then into an RGB celor in RGB color
space using a known transformation algorithm.

Furthermore, the term “uncalibrated” color spaces, which
is used throughout this specification, is used in connection
with color spaces that are not CIE based. That is, “uncali-
brated” refers to color spaces that are known (RGB, HSV,
HSL, CMY, CMYK) but do not have a clearly defined
representation in a CIE space, e.g., calibrated space such as
XYZ. Colors, as mentioned above, in one of these uncali-
brated spaces is usually dependent on the device 14 from
which it came or on which it is displayed (rendered). For
example, saturated red from one RGB space or device 14
might have the value 1.0, yet it would not necessarily match
saturated red from another RGB space or device 14 even
though the latter might also have the same value 1.0. For this
reasen any two uncalibrated colors are considered to be in
different color spaces even though they might be the same
class. For example, if color A and color B are both RGB
colors, they may actually be in different color spaces if they
came from different devices 14. The architecture of the
present invention automatically supports handling of these
color objects, without requiring a client using them to know
anything about their origin.

There will now be described briefly the color classes of
the color operating systems architecture 54 of the present
invention shown in FIG. 5. The interfaces are disclosed in
more detail in the .h or header files used in the C++
programming language with file names the same as the class
name (without the T), as shown in Appendix A attached to
this specification.

MCollectible (Block 62)

The class identified as MCollectible (Block 62) defines a
generic object class from which all other classes are derived.
It is an abstract class in that many subclasses will redefine
(i.e., add to or modify) some or all of the method functions
that are a part of the declaration of this class (Block 62). All
of the color classes shown in FIG. 5 redefine the following
method functions of MCellectible (Block 62) so that they
function properly:

IsEqual

operator =

operator > > = Streaming
operator < < = streaming

TAttribute (Block 64)

Attributes are a generic term for characterizing and shar-
ing certain object properties. Attributes provide a way for
colors and color characteristics to be shared across different
tasks, and to be pooled for common usage by all users of the
architecture 54. Thus, class TAttribute (Block 64) is a base
class for managing the sharing process, and may be included
in the architecture 54 when or if such sharing is desirable.

Class TColorGamut (Block 66)

Class TColorGamut (Block 66) descends from class TAt-
tribute (Block 64) and stores color gamut CG information of
each peripheral device 14 interfacing with the data processor
12. As previously indicated, color gamuts are used to
properly convert colors of one peripheral device (monitor
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16, for example) to another peripheral device (printer 30, for
example). Although colors are converted using color gam-
uts, this does not guarantee that the transformation is within
the gamuts. To insure that colors are within gamuts, a given
color matching algorithm may be used. Color matching
method functions performing the matching algorithm are
contained in a class TColorProfile (Block 68 described
below).

A color gamut CG for the calibrated color space XYZ is
defined by eight XYZ points in XYZ space. These are Cyan,
Green, Yellow, Red, Magenta, Blue, Black, and White. In
general each peripheral device 14: color printer, color scan-
ner, color monitor etc., has its own color gamut CG as
shown, for example, in FIG. 2 and this color gamut infor-
mation should be specified by the device manufacturer. The
class TColorGamut (Block 66) stores two constructors, one
being a null constructor which defines, for example, a 13"
Apple RGB monitor manufactured by Apple Computer, Inc.,
Cupertino, California, and the other being a file constructor
which takes as its argument a file name that contains the
color gamut CG. (A constructor is a method function that
creates an object and/or initializes its state.)

The class TColorGamut (Block 66) contains a template
for assisting programmers to write .h or header files to store
this color gamut information. Upon adding a new peripheral
device 14 to the data processor 12, as will be discussed
below, its unique color gamut data may be added to the class
TColorGamut (Block 66) using this template.

TColorProfile (Block 68)

Class TColorProfile (Block 68) descends from class
TColor Gamut (Block 66) and stores color profile data for
each peripheral device 14 added to processor 12. In additien,
class TColorProfile (Block 66) has a mechanism to “get” a
given color matcher algorithm in class TColorMatcher
(Block 70) (discussed more fully below in connection with
color matching) for executing one or more types of color
matching algorithms, which uses the color gamut CG infor-
mation of class TColorGamut (Block 66) and the color
profile information of class TColorProfiles (Block 68). The
class TColorProfile (Block 68) contains a template assisting
programmers to write header files to store this color profile
information as a new peripheral device 14 is coupled to the
data processor 12. A class TAppleColorProfile (Block 72)
which descends from class TColorProfile (Block 68) is also
shown in FIG. 5 (described more fully below in connection
with color matching).

As an example, a color profile for a given peripheral
device 14 comprises seven Tonal Reproduction Curves
(TRCs) for seven colors, respectively: Cyan, Green, Yellow,
Red, Magenta, Blue and Black. In other words, while for
ease of explanation FIG. 3 illustrated a TRC for only the
color red for two different peripheral devices 14, class
TColorProfile (Block 68) stores these seven TRC’s for each
respective peripheral device 14. The TRC’s for each such
device 14 may be measured experimentally and, as with the
color gamut information, specified by the manufacturer of
the device 14, with the TRC data correspending to the TRC
curves then being stored in class TColorProfile (Block 68).
As another example, for a color monitor such as device 16,
the TRC’s may default into a single curve known as a
gamma correction curve.

Class TColorProfile (Block 68) also stores two construc-
tors, one such constructor being a null constructor which
defines the color profile of a given peripheral device 14, such
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as the color profile of a 13" RGB monitor manufactured by
Apple Computer, Inc. The other constructor is a file con-
structor which takes as its argument a file name which
contains a color profile.

Class TColor (Block 58)

As described above, class TColor (Block 58) constitutes
one level of architecture 54 and is both an interface defining
a virtual abstract base. class and a container class for cali-
brated colors. In the color architecture 54, since a given
color can be transformed into an uncalibrated RGB color
(device dependent) and/or a calibrated XYZ color (device
independent), the class TColor (Block 58) has at least three
pure virtual member functions, which are:

GetXYZColor(TXYZColor& aXYZColor)
GetRGBColor(RGBColor& aRGBColor) const
SetColor( const TColoré& aColor)

These method functions insure that all color classes derived
from Class TColor (Block 58) will support this functionality
pursuant to object orient design principles. Also, class
TColor (Block 58) has fields for the components of a given
color. The field components of an XYZ color-are of the type
TristimulusCoord which may take on all of the values that
floating points do. The field components of an RGB color are
of the type Gintensity which is of a range between 0.0 and
1.0. In addition, class TColor (Block 58) may have an
opacity field, in which an opacity value of 1.0 means the
color is purely opaque while an opacity of 0.0means the
color is transparent.

Class TXYZColor (Block 58A)

Class TXYZColor (Block 58A) descends from Class
TColor (Block 58). Every color which is derived from class
TColor (Block 58), pursuant to the architecture 54 of the
present invention as described more fully below, is able to
convert-or transform itself to the calibrated XYZ color.

Class TSpectralColor (BLOCK 58Aa)

Class TSpectralColor (Block 58Aa) descends from Class
TXYZColor (Block 58A). The TSpectralColor class stores
method functions that use the known three CIE color-
matching functions represented by the three integral equa-
tions (1), (2) and (3), as shown in FIG. 7. In these respective
equations, 82 is the spectral energy distribution of the color
being matched and X(u), Y(u) and Z(p) are experimentally
determined color matching functions. These functions define
the color matching properties of the CIE 1931 Standard
Calorimetric Observer for a 2 degree field of view as
described in the above-referenced materials. Thus, the CIE
color-matching member functions of Class TSpectral Color
(Block 58Aa) are used as weighting functions to enable X,
Y, and Z primaries to be obtained from spectral power data,
as shown graphically in the example of FIG. 7 for calculat-
ing XYZ from the spectral information. The class TSpec-
tralColor (Block 58Aa) stores the three CIE spectral color
matching power curves X,Y and Z shown in FIG. 7 as static
arrays which are initialized by a null constructor for this
class.

Class TLabColor (Block 58B)

Class TLabColor (Block 58B) descends from Class
TColor (Block 58). TLabColor is a class which defines a
uniform tristimulus device calibrated color space whose
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values also have been standardized internationally by the
CIE. Two of the dimensions {a and b) are coordinates on a
uniform chromaticity diagram. L is the psychometric light-
ness. The TLabColor class (Block 58B) is used to express
colors in perceptually linear fashion and the perceptual
distance between colors is propertional to the geometric
distance between colers. The TLabColor class has three
static fields which are used to define reference white: color.
Reference white may be used to transform a TLabColor to
a TXYZColor. Default is reference white. Member functions
of this class TLabColor (Block 58B) execute correlates of
lightness, chroma, saturation and color-difference.

Class TLuvColor (Block 58C)

Class TLuvColor (Block 58C) descends from "class
TColor (Block 58). TLuvColor is a class which also defines
a uniform tristimulus device calibrated color space whose
values have been standardized internationally by the CIE.
Two of the dimensions (u and v) are coordinates on a
uniform chromaticity diagram. L is the psychometric light-
ness.- The TLuvColor class is used to express colors in
perceptually linear fashion and the - perceptual distance
between colors is proportional to the geometric distance
between colors. The TLuvColor class (Block 58C) has three
static fields which may be used to define reference white
color; which is used to transform a TLuvColor to a TXYZ-
Color. Default is reference white. Member functions of this
class TLuvColor (Block 58C) execute correlates of light-
ness, chroma, saturation and color-difference.

Peripherals 14 such as industrial color measurement
equipment make use of the CIE color system (the calibrated
system). This CIE system allows- color to be specified in
terms of the light source, the object and the observer in a
way that is independent of input and output devices. Accord-
ingly, the architecture 54, if desired by a user, will transform

- the tristimulus values XYZ which uniquely define a- color,

into either color Lab coordinates or color Luv coordinates.

-The Lab coordinates may be used for devices 14 viewed by

reflected light, while the Luv coordinates may be used for
self-luminous peripheral devices 14 such as light sources.

Class TxyYColor (Block 58D)

Class TxyYColor (Block 58D) descends from -class
TColor (Block 58). The color space xyY can be derived from
the color space XYZ of class TXYZColor (Block 58A). The
transformation between space XYZ and space xyY are as
follows.

Transformation XYZ—to—xy'Y:

x= X y= Y, z= 4
’ x+y+z x+ty+tz

xt+y+z

Transformation xy Y—to—XYZ:
x=x(-§—),Y=Y,z=(1—x—y>(§)

Class TDeviceColor (Block 60)

Class TDeviceColor (Block 60) descends from -Class
TColor (Block 58) and, as mentioned above, constitutes
another level of the 2-level architecture 54. Class TDevice-
Color (Block 60) is both an interface defining a. virtual
abstract base class and a container class for uncalibrated
colors in the architecture 54. TDeviceColor contains a
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construct reference to class TColorGamut (Block 66). This
class has-at least-three pure virtual- member functions so that
all device dependent or uncalibrated colers are able to
convert or transform to both an uncalibrated RGB color of
class TRGBColor (Block 60A) (described below) and a
calibrated XYZ color of class TXYZColor (Block 58A).
These member functions are:

GetXYZColor(TXYZColor& aXYZColor)
GetRGBColor(RGBColor& aRGBColor) const
SetColor( const TColor& aColor)

These member functions insure that all color classes derived
from TDeviceCelor (Block 60) will support this function-
ality. As previously indicated, in order for the transformation
to take place a color gamut CG which is dependent on the
particular device 14 that the color is defined with respect to
should be known and stored in class TColorGamut (Block
68).

Class TRGBColor (Block 60A)

Class TRGBColor (Block 60A) class defines the Carte-
sian coordinate (Block 60). The TRGBColor class defines
the Cartesian coordinate based color model of red (R), green
(G), and blue (B). The RGB primaries are additive and used
for most color monitors and color raster graphic systems.
Values of the three RGB primaries should be constrained to
the range of 0.0<primary<1.0. Member functions of this
class are provided to clamp the RGB primaries to this range.
The RGB coler space is uncalibrated; therefore RGB colors
must be defined with respect to a particular color device 14
through its color gamut CG.

Class TCMYKColor (Block 60B)

Class TCMYKColor (Block 60B) descends from Class
TDeviceColor (Block 60). The TCMYKColor class defines
a color space of cyan (C), magenta (N), yellow (Y), and
black (K), which are subtractive primaries used for most
color hard copy devices such as printer 36. The CMYK
values are calculated by first determining CMY values
present in a color. The amount of black present in the color
is determined by the relationship K=minimum (C, M, Y). K
is then subtracted from CMY values to define the CMYK
values. This technique is called under color removal and
enables hard copy color devices to increase output quality by
printing with four instead of three colors. Values of the four
primaries CYMK are constrained to the range of 0.0<pri-
mary<1.0. The class TCMYKColor (Block 60B) contains
member functions which clamp the CMYXK primaries to this
range. Since the CMYK color model is uncalibrated, CMYK
colors are defined with respect to the color gamut CG of a
particular color device 14 such as the printer 36.

Class THSLColor (Block 60C)

Class THSLColor (Block 60C) descends from Class TDe-
viceColor (Block 60) and defines the well-known color
model HSL. The hue (H), lightness (L), and saturation (S)
color model (HSL) is defined by a double-hexcone in three
dimensional space as shown in the references mentioned
above. Hue is measured by the angle around the L axis. Red
occurs at H=0.0. Transversing the perimeter in a counter-
clockwise direction yields: red, yellow, green, cyan, blue,
and magenta. A colors complement may be obtained by
adding 180 degrees to the H value. Saturation is measured
radially from the vertical axis, ranging from 0.0 to 1.0.
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Lightness is 0 for black (bottom of double hex-cone) to 1.0
(top of hex-cone). The HSL color model is uncalibrated
color space and therefore HSL colors are defined with
respect to a particular color peripheral device 14 through its
color gamut CG stored in class TColorGamut (Block 66).

Class THSLColor (Block 60D)

Class THSVColor (Block 60D) descends from Class
TDeviceColor (Block 60). The hue (H), saturation (S) and
value (V} color space (also sometimes called HSB where B
stands for brightness) is defined in relation to the artistic
concepts of tint, shade, and tone. As described in the
above-referenced publications, the HSV model forms a
hexcone in three dimensional space. Values of V=1.0, cor-
responds to relatively bright colers. Hue or the H coordinate
is measured by the angle around the V axis. H=0.0 is red,
green is 120 degrees etc. A colors complement may be
obtained by adding 180 degrees to the H value. The satu-
ration value S is defined as the ratio (ranging between 0 and
1.0). Saturation is measured relative to the color gamut. The
HSV color model also is uncalibrated and therefore HSV
colors are defined with respect to a particular color periph-
eral device 14 through its color gamut CG stored in class
TColorGamut (Block 66).

CLASS TGrayColer (Block 60E)

Class TGrayColor (Block 60E) descends from class TDe-
viceColor (Block 60). The TGrayColor class defines the
gray scale model in which values of gray may be constrained
to the range of 0.0<primary <1.0. The class contains member
functions to clamp the gray values to this range. The gray
scale color model is uncalibrated so that gray colors are
defined with respect to the color gamut CG of a particular
color peripheral device 14.

Adding a New Color Class

As part of the extensibility of the architecture 54, addi-
tional color classes can be added as new color models are
developed. For example, assume a new calibrated color
space ABC is developed. To represent a color in this
calibrated color space ABC, a new color class TNewCal-
Color (TABCColor in the example) (shown in dotted lines in
FIG. 5) is defined that descends and inherits from class
TColor (Block 58). The method functions of this new class
TNewCalColor may then be written by a programmer as part
of the class definition to tranform color ABC to and from
XYZ color space and the other color spaces provided by
Class TColor (Block 58).

As one specific example, Tektronix Corp. of Beaverton,
Oregon, has developed a calibrated color space HVC and
conversion methods for transforming this space into ether
space. This color space HVC is easily accommodated by the
extensibility of the architecture 54 by defining a class
THVCColer (not shown) that descends frem class TColor
(Block 58) for which such published conversions or trans-
formations are provided as a part of this class definition. The
color transformation is defined by the calibrated color space
being added to architecture 54, but interfaces with the rest of
the architecture 54 as a TColor base class object. In a similar
manner, new uncalibrated color classes that are developed
can be added by defining a class TNewDeviceColor (shown
in dotted lines in FIG. 5) descending and inheriting from
class TDeviceColor (Block 60).
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As part of the appendix A to this specification, template
classes are disclosed for adding new classes. These template
classes may be used by programmers to write the header files
for adding  such new classes. For TNewCalColor, for
example, the header file TCalColor of the appendix may be

16
may override method function ReturnHSVColor in class
TColer (Block 58) in order to avoid an intermediate con-
version to XYZ.-

class TColor (Block 58) can override the method functions
in its own class. For instance, class THSVColor (Block 60D)

5
used as the template. For TNewDeviceColor, the header file Index
: TDeV3C01(?r of the appen(yx may be used 3..8 the tem.p lé.lte' long FindListIndex(TColorList& colors)const;
There will now be provided a more detailed description
than gi bove of method functions in class TColor . . . o
an given above of the metho Class 150l This method function finds the closest match in a colorlist.
(Block :58) ‘and class TRGBColor (Block 60A) shown in 1 . . . .
FIG. 5 Subclasses can- override this method function to invoke
T TColorList methods that. take a specific brand of TColor
subclass.
Class TColor (Block 58)
Gets 15 Sets
Glntensity GetOpacity(); SetOpacity ( Glntensity opacity );
Simply returns the value of the opacity field. Sets the opacity.
GetXYZCalor(TXYZColor& aXYZColor) = ClampOpacity();
Pins the Opacity-to-0.0-1.0
. . . 2 SetWithX YZColor(const TXYZColor& aXYZColor) = 0;
Each-subclass may override this method function. Each
class s w how to YZColor from itself. . . ; . :
sub hould know ho getaX om itsel Each subclass.can override this method function, since each
color knows how to set itself with an XYZColor.
GetRGBColor(TRGBColor& aRGBColor)
GetLuvColor(TLuvColor& al.uvColor) 25
GetLabColar(TLabColor& al.abColor) SetColor(const TColor& aColor);
GetGrayColor(TGrayColor& aGrayColor)
GetCMYKColo(TCMYKColor& aCMYKColor) . . . .
GetHLSColor(THLS Color& aHLSColor) This method function is used for polymorphism. Each
GetxyYColor(TxyYColor& axyY Color) color should be able to “set” itself polymorphically with a
GetHSVColor(THS VColor& aHSVColor) 30 TColor.. When overriding SetColor; a client uses a color to -
GetYIQColor(TYIQColord aYIQColor) get its XYZ equivalent, then converts that XYZ equivalent
GetDEV3Color(TDEV3Color& aDEV3Color)
GetCALColor(TCAL Coloté aCALColor) to its own format (which it already knows how to do) and
then sets its own data fields accordingly.
These method functions are stored in class TColor (Block :
58) for efficiency, and subclasses can override any of these. 35 SetWithRGBColor(const TRGBColor& aRGBColor);
Each one of the color space subclasses that descend from SetWithLuvColor(const TLuvColor& aluvColor);
class TColor (Block 58) should override method functions in SetWithl.abColor(const TLabColor& aL.abColor); . -
. . SetWithGrayColor(const. TGrayColor& aGrayColor);
its own class. For instance, class THSVColor (Block 58D) SetWithCMYKColor{const TCMYKColor& aCMYKCalor);
should override GetHSVColor stored in class TColor (Block SetWithHLSColor(const THLSColor& aHLSColor);
58) in order to avoid an intermediate conversion to a 40 getg?:x}l)’szcc‘ﬂ;’r((wmt ?ggggl‘;f&&ﬂag%%"??)
H : : EtWitl olor{const .010T" olory);
calibrated color XYZ so as to save conversion time. SetWithYIQColor(const TYIQColor& aYIQColor):
SetWithDEV3Coior(const TDEV3Color& aDEV3Colar);
GetTransformedColor(TColard: aColor) const; SetWithCALColor(const TCALColor& aCALColor);
45 : i
This method function always “gets” using the intermediate For e_ﬁicwncy, subclasses' of class TColor (Block 58) can
. . override any of these. For instance, THLSColor (Block 60C)
transformation to  XYZ color space. ‘Thus, this ‘method - . . . . .
. . . _ can override SetWithHLSColor in order to avoid an inte-
function should be used if the colors are in the samé color mediate conversion to color XYZ
space, such as RGB, but have different color gamuts CG. )
50 TRGBColor Class (Block 60A)
Returns .
The class TRGBColor (Block 60A) represents a typical
TRGBColor ReturnRGBColor()const; device dependent color class storing the following method-
TLuvColor ReturnLuvColor()const; functions.
TLabColor ReturnLabColor()const;
TGrayColor ReturnGrayColor()const; 55
TCMYKColor ReturnCMYK Color()const; Constructors
THLSCol ReturnHLSCol t; . .
Tnycglgrr RemmyYC:l::(())cc:::t; The .followmg d.escnbe cla_ss constructors. When they are
THSVColor ReturnHS VColor()const; called in the code implementing architecture 54, they create
TYIQColor ReturnYIQColor(Jconst; a new instance of a TRGBColor object.
TDEV3Color ReturnDEV3Color()const, 60
TCALColor ReturnCALColor()const;
TRGBColor()
These method functions are stored in class TColor (Block - ‘
58) for efficiency, but subclasses can override any of these. This constructor is a null constructor. The “null” implies that
Each one of the color space subclasses that descends from 65 it needs.no arguments to make an RGB color, which has two

ramifications. All of the fields in the color are set to zero.
fRed=fGréen=fBlue, and fOpacity=1.0, and the color gamut
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CG used is also null (see constructor under description of
class TColorGamut)

TRGBColor( TColor& aColor)
TRGBColor( TDeviceColor& aDeviceColor)

These constructors allow the creation of an RGBColor
polymorphic from any calibrated TColor such as LabColor
or any uncalibrated TDeviceColor. If an uncalibrated color
is used in the construction then the RGBColor has its fields
(fRed...fOpacity) transformed to the RGB color space from
the aDeviceColor Space such as the color space of periph-
eral device 16. The RGBColor inherits the color gamut CG
of the aDeviceColor. On the other hand if a TColor such as
Lab is used in the construction then the RGBColor ends with
the fields transformed as above and the null color gamut is
assigned to the new color. These constructors are also used
for type casting such as: aRGBColor=(TRGBColor)
SomeOtherColorSpace.

TRGBColor( TRGBColor& aRGBColor)

This constructor is a copy constructor because it creates a
new RGBColor object from aRGBColor. The created object
has the same fields and color gamut CG as aRGBColor.

TRGBColor(TColorGamut* theDeviceColorGamut)

All of the fields in the new color are set as follows:
fRed=fGreen=fBlue=0, fOpacity=1.0 and the color gamut
CG is set to theDeviceColorGamut.

TRGBColor(Red, Green,Blue, opacity = 1.0};

All of the fields in the new color are set as follows:
fRed=Red,fGreen=Green, fBlue=Blue. The opacity is set to
1.0 if none is supplied or to the value supplied. The color
gamut CG is set to the null color gamut.

TRGBColor(TColorGamut* theDeviceColorGamut,Red,
Green,Blue,opacity = 1.0);

All of the fields in the new color are set as follows:
fRed=Red,fGreen=Green, fBlue=Blue. The opacity is set to
1.0 if none is supplied or to the value supplied. The color
gamut is set to theDeviceColorGamut.

GetXYZColor(TXYZColor& aXYZColor);
GetRGBColor(TRGBColor& aRGBColor);
GetGrayColor(TGrayColor& aGrayColor);

A get, as the name implies, gets the specified color object
from the color object. For example, the member function
GetXYZColor does the necessary transformation to the
RGBColor object to return the aXYZColor.

GetComponents(Red, Green, Blue, opacity);
GetAll( Red,Green,Blue, opacity,theColorGamut);
GetClampedComponents(Red, Green, Blue,opacity);
Glntensity GetRed();

Glntensity GetGreen();

Glntensity GetBlue();
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The GetComponents simply read the component values
from the object and return them in variables Red, Green,
Blue, and opacity.

Returns

TRGBColor ReturnRGBColor();

The ReturnRGBColor returns an exact duplicate of the
RGBColor object: fields and color gamut.

SetWithX YZColor( TXYZColor& aXYZColor),
SetWithRGBColor( TRGBColor& aRGBColor);
SetWithGrayColor( TGrayColor& aGrayColor);

Each SetWith, as its name implies, sets the RGB color object
from the specified color object. For example, the member
function SetWithXYZColor does the necessary transforma-
tion to make the RGBColor from an aXYZColor and uses
this color to set the RGBColor values. The color gamut CG
is set to the null gamut for this particular case only.

SetAll(TColorGamut* theDeviceColorGamut,Red,
Green, Blue, opacity = 1.0);
SetComponents(Red,Green,Blue,opacity = 1.0 );
SetRed(GIntensity Red);

SetGreen(Glntensity Green);

SetBlue(Glntensity Blue);

These are simple sets. Values passed are used to set the
object values.

SetColor( TColor& aColor);
The SetColor is defined so that RGB Colors can be set
polymorphic from any type of TColor.

RGBColor Math

operator < = ( TRGBColor& Colorl, TRGBColor&
Color2);
operator < { TRGBColor& Colorl, TRGBColor& Color2);
operator > { TRGBColor& Colorl, TRGBColor& Color2);
operator > = ( TRGBColor& Colorl, TRGBColor&
Color2);
operator! = (TRGBColor& Colorl,
TRGBColor& Color2);
friend TRGBColor operator + ( TRGBColor& Colorl,
TRGBColor& Color2);
friend TRGBColor operator — ( TRGBColor& Colorl,
TRGBColor& Color2);
friend TRGBColor operator* ( TRGBColor& Colorl, float
aScalar );
friend TRGBColor operator/ ( TRGBColor& Colorl, float
aScalar );
friend TRGBColor operator* (float aScalar, TRGBColor&
Colorl);
friend TRGBColor operator/ ( flato aScalar, TRGBColor&
Colorl);
TRGBColor& operator + = { TristimulusCoord aScalar);
TRGBColor& operator = ( TristimulusCoord aScalar);
TRGBColor& operator* = ( float aScalar);
TRGBColor& operator/ = ( float aScalar);
TRGBColor& operator = ( TRGBColor& Source);

These method functions override the standard operators in
C++so that they are defined properly for RGB colors. The
logical operators return a TRUE if and only if the condition
holds for each field component of the Colorl and Color2
including the opacity. The remaining operators perform the
stated math function on each individual field component
except for opacity.
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EXAMPLES OF WORKING WITH COLOR

This section contains some examples-of using color with
the architecture 54. Most of the examples are given using an
RGBColor for the device dependent or uncalibrated color or
an XYZColor for the device independent or calibrated color.
The NullGamut and NullProfile, as previously mentioned,
may be defined to be the gamut and profile of a standard 13"
color monitor manufactured by Apple Computer, Inc.

The field components RGB of an RGBColor, as previ-
ously indicated, are of the type Gintensity which implies a
range between 0.0 and 1.0. However, this constraint need not
be strictly enforced. Thus, during transformations on the
color, especially colors with different gamuts, it is possible
to have field component values outside of this range.

Examples of Making Colors

Below are examples of six (6) constructors. If called, then
the state of the object is as given as follows:

(1) TRGBColor aRGBColor;
State:
fRed = fGreen = fBlue = 0.0;
fOpacity = 1.0,
fColorGamut = NullGamut;
(2) TRGBColor(0.5,0.7 ,0.3, 0.5);
State:
fRed = 0.5; fGreen = 0.7; fBlue 0.3;
fOpacity = 0.5;
fColorGamut = NullGamut;
(3) TRGBColor(theDeviceColorGamut, Red, Green, Blue);
State:
fRed = Red; fGreen = Green; fBlue = Blue;
fOpacity = 1.0 (set by defauit);
fColorGamut = theDeviceColorGamut;
(4) TRGBColor aRGBColor(aRGBColor);
State:
fRed = aRGBColor.fRed;
fGgreen = aRGBColor.fGreen;
fBlue = aRGBColor.fBlue;
fOpacity = aRGBColor.fOpacity;
fColorGamut = aRGBColor ~> fColorGamut;
(5) TRGBColor aRGBColor(theDeviceColorGamut);
State:
fRed = {Green = fBlue = 0.0;
fOpacity = 1.0;
fColorGamut = theDeviceColorGamut;
(6) TRGBColor aRGBColor(aDeviceColor);

The following equivalent . process takes place in this
construction. Since this.is a device dependent celor, it has a
color gamut CG. In addition all colors know how to get an
RGB color from themselves. Thus,

TRGBColor aTempRGBColor;
aDeviceColor.GetRGBColor(aTempRGBColor);
State:
fRed = aTempRGBColor.fRed;
fGreen = aTempRGBColor.fGreen;
fBlue = aTempRGBColor.fBlue;
fOpacity = aDeviceColor.fOpacity;
fColorGamut = aDeviceColor—> fColorGamut;

Examples of Sets and Gets

This section illustrates how to use some of the sets and
gets to work with color. In the following examples, let the
following colors be defined:

TXYZColor aXYZColor(20,80,90); TRGBColor aRGBColorl -
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-continued .

(1.0,0.0,0),aRGBColor2(0.0,1.0,0.0);
TRGBColor aRGBColorGamut2(< GHT__ColorGamut);

Setting an XYZColor with an RGBColor
aXYZColor.SetWithRGBColor(aRGBColorl);

The color aXYZColor now has the correct: XYZ values
corresponding to. aBRGBColorl with a NullGamut. If the
following is now performed:

aXYZColor.GetRGBColor(aRGBColor2);

Then the state of aRGBColor?2 is:

fRed = 1.0;

fGreén =0,0;

fBlue = 0.0;

fOpacity = 1.0;
fColorGamut.= NullGamut;

Getting an RGBColor from another RGBColor
If the following is performed:

aRGBColorl.GetRGBColor(aRGBColorGamut2);

Then the state: of aRGBColorGamut?2 is:

fRed = 1.0;

fGreen = 0.0;

fBlue = 0.0;

fOpacity = 1.0;
fColorGamut. = NullGamut;

Examples of Using Simple Math on Colors

All of the color classes in the architecture 54 have a robust
set of simple math defined for them. In the examples below,
the following XYZ colors are defined:

TXYZColor aXYZColer1(0.2,0.1,0.1,0.3);
TXYZColor aXYZColor2(0.3,0.2,0.2,1.0);
TXYZColor aXYZColor3;

For logical operations each individual field of the color
must meet the logical condition for the expression to be
evaluated to be TRUE, thus :

aXYZColorl < = aXYZColor2 would yield TRUE
aXYZColorl < = aXYZColor2 would yield TRUE
aXYZColorl > aXyzColor2 would yield FALSE
aXYZColor3 = aXYZColorl + aXYZColor2;
if aXYZColor3 before the sum operation was:
fX=00
fY =00
fZ =0.0;
fOpacity = 1.0;
aXYZColor3 after the sum operation will be:
X=05
fY =03
f2=03;
fOpacity = 1.0;
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The opacity of the color does not enter into mathematical
calculations.

aXYZColor3 = aXYZColorl - aXYZColor2;
if aX'YZColor3 before the subtraction operation was:

fX=00
fY =00
2 =00;
fOpacity = 1.0;

aXYZColor3 after the subtraction operation will be:
X=-0.1
fY=-0.1
fZ=-0.1;
fOpacity = 1.0;

aXYZColor3 = 0.5*aXYZColorl;

if aXYZColor3 before the multiplication operation was:
fX =00
fY =0.0
fZ =0.0;
fOpacity = 1.0;

aXYZColor3 after the multiplication operation will be:
fX=01
fY =0.05
fZ = 0.05;
fOpacity = 1.0;

aXYZColor3 = aXYZColor 1/0.5%;

if aXYZColor3 before the division operation was:

X =00
fY =00
f7.=0.0;
fOpacity = 1.0;

aXYZColor3 after the division operation will be:
fX=04
fY=02
fZ=02;

fOpacity = 1.0;

EXAMPLES OF USING POLYMORPHISM
WITH COLORS

All of the color classes descend from the base class
TColor (Block 58). It is possible to write polymorphic
functions and method functions that take as their arguments
TColors. Examples to show how this may work are now
given.

Determining the Hue Difference Between Colors

The method function which follows takes as input two
TColors and returns the hue difference between those colors.
The hue difference is a precisely defined quantity for either
the Lab or Luv color spaces. The example below uses the
Luv based definition.

GCoordinate HueDifference(TColor& RefColorl,TColor&
Color2)

{

{/IConstruct two Luv Colors

TLuvColor aLuvColorl(RefColorl),aLuvColor2(Color2};
return ( RefColorl.GetHueDifferencea(Color2));

}

Determining the Correlate of Lightness

Another example is calculating the correlate of lightness
for a color.

GCoordinate CorrelateOfLightness{(TColor& Colorl)
{

{/ Construct Luv Color

TLuvColor aLuvColorl(Colorl)

return (aLuvColorl.GetCorrelateOfLightness() );

}
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Color Matching Individual Colors

In general, color matching occurs when an internal color,
represented in some color space, calibrated or uncalibrated,
is transformed into another color space, usually uncali-
brated, which closest represents the specified color on a
specific device. The converse is also true. In the architecture
54 of the present invention, a color matching process or
function is embodied in a color matching base class TCol-
orMatcher (Block 70) which is accessed internally in all
uncalibrated objects that descend from class TDeviceColor
(Block 60) through the TColorProfile reference in each such
device color class object. That is, upon such reference,
TColorProfile (Block 68) has a means to “get” a color
matcher container in class TColorMatcher (Block 70). A
sample profile that may be used by the color matcher is
shown in FIG. 5§ as class TAppleColorProfile (Block 72).

The architecture 54 of the present invention does not
specify one particular color matching algorithm over
another. Using any common interchange applications pro-
grammer’s interface (“API”), any color matching process
can be dropped into or stored in the class TColorMatcher
(Block 70) by the programmer. Consequently, any color
matching mechanism can be accommodated by the archi-
tecture 54. A color matcher of class TColorMatcher (Block
70) is free to use the color gamut and color profile contained
in the given colors to effect a color match. Client supplied
color matchers dropped into the architecture 54 can interpret
a systems default color profile if one is present or private
information in client-supplied color profiles, when present.

FIG. 8 illustrates pictorially the manner in which indi-
vidual colors can be color matched amongst a plurality of
peripheral devices 14 using the architecture 54 of the present
invention. The peripheral devices shown as an example are
a color device 14 such as the flatbed scanner 22 operative in
a TColor such as RGB color space as an input or source
device and a color device 14 such as a printer 36 operating
in a TColor such as CYMK color space as an output or
destination device. FIG. 8 also shows scanner tonal repro-
duction curves TRC22 stored as a data structure in class
TColorProfile (Block 68), scanner color gamut CG22 stored
as a data structure in class TColorGamut (Block 66), printer
color gamut CG36 stored as a data structure in class TCol-
orGamut (Block 66), and printer inverse tonal reproduction
curves TRC36 stored as a data structure in class TColor-
Profile (Block 68). Also shown in FIG. § are color space
XYZ stored as a data structure in class TColorGamut (Block
66) and a color matcher of class TColorMatcher (Block 70)
for color matching between RGB color space of scanner 22
and CYMK color space of printer 36. '

Generally, and with reference to FIG. 8, with the proces-
sor 12 being initialized by having the color gamut and profile
information stored in architecture 54, raw color data {from
scanner 22, acting as a source of such color information, is
inputted into the data processor 12. Then, the operating
systems architecture 54 will utilize class TColor Profile
(Block 68) to correct the raw RGB data using the tonal
reproduction curves TRC22. The architecture then trans-
forms the corrected RGB color data to XYZ color space by
calling the color gamut CG22 of class TColorGamut (Block
66) and appropriate method functions. Then, class TColor-
Profile is called to get a color matcher of class TColor-
Matcher (Block 70) to color match the XYZ color corre-
sponding to the RGB color device 22 to color in XYZ color
space corresponding to the CYMK color of printer 36. The
matched XYZ color is then transformed to CYMK color
using the color gamut CG 36 and then the color matched
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CYMK color is predistorted by calling and using the tonal
reproduction curves TRC 36 of class TColorProfile (Block
68). This predistorted color data is then transferred to the
printer 36 for printing in color matched CYMK color. Thus,
in accordance with the architectural features of the present
invention, any peripheral device 14 can be added to proces-
sor 12 and be color matched with any other peripheral device
14.

The processing of color, including the matching of color

has been described. The principles of the present invention
can be extended to processing of color images in which an
image. may comprise not individual colors but groups or
collections of colors as typically exemplified in three-color
images. For example, each individual color pixel in an
image may be transformed using the above described color
matching process. For speed purposes, the color matching
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process may provide an input pixel stream (in some.color
class format) and return an output pixel stream (in another
class format). -

The foregoing description of a preferred embodiment of
the object-oriented architecture 54 of the present invention
has ‘been provided for the purposes of illustration “and
description. It is not intended to be exhaustive or to limit the
invention to the precise forms disclosed. Many modifica-
tions-and variations will be apparant to practitioners skilled
in the art. The embodiments were chosen and described in
order to best explain the principles of the invention and its
practical application, thereby enabling others skilled'in the
art to understand the invention for various embodiments and
with various modifications as are suited to the particular use
contemplated. It is intended that the scope of the invention
be defined by the following claims and then equivalents.
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Appendix A

Below is a more detailed disclosure of madule interfaces which are,
as is conventional, placed in .h or header files. These module interfaces
are identified- immediately below by -file - titte and. a brief description,
followed by more detailed listing, and include the following:

1.

File: Color.h - Color used to define interfaces for class TColor
(Block 58).

File: XYZColor.h - XYZ color ‘used to define interfaces for
class TXYZColor (Block 58A).

File: LabColor.h - Lab color used to define interfaces for class
TLabColor (Block 58B).

File:-RGBColor.h - RGBColor used to define interfaces for
class TRGBCalor (Black 60).

File: ColorGamut.h. - Color -gamut routines - of class

- TColorGamut (Biock 66).

File: ColorProfile.h - Color profile routine of class TColorProfile
(Block . 68) class TColorMatcher (Block 70), and class
TAppleColorProfile - (Block 72) used for. color matching
processes.

File: TCalColor.h - Calibrated color space used for adding
new calibrated objects 1o architecture 54 (see template class
TNewCalColor of Fig. 5).

File: TDev3Color.h - Device-dependent or uncalibrated color
space -used for adding new uncalibrated color objects fo
architecture 54 (see template class TNewDeviceColor of
Fig. 5). '
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] )
| File: Color.h
f

i What:  Color used 1o define interfaces for TColor

1 Copyright © Apple Computer, Inc.
I All Rights Reserved. -

#ifndef __COLOR__
#define __ COLOR_

#ifndef __ ATTRIBUTES__
#include <Attributes.h>
#endif

typedef float Glntensity;

class TColorList;
class TXYZColor;
class TLabColor;
class TLuvColor;
class TRGBColor;
class TGrayColor;
class THSVColor;
class TYIQCoslor,;
class THLSColor;
class TxyYColor;
class TCMYKColor;
class TDEV3Color;
class TCALColor;

class TColor: public TPaint{
public:

#/ === Destructor ===

virnsal ~TColor(};

i Get the Opacity

Glntensity GetOpacity()const:

il Get a Opacity value Pined between 0.0 - 1.0
Glntensity GetClampedOpacity()const;

/] === Gets ===
Y/ subclasses must override this method

virtual void GetXYZColor(TXYZColor& aXYZColor) const = 0,
i Generic Transform allways “gets” through X YZ Color Space

virual void GetTransformedColor(TColor& aColor) const;
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/! For cfficency, subclasses can override any of these.
” Far instance, THLSColor shoutd override GetHLSColor
/s i order to aveid an intermediate.conversion o XYZ.

virual void
viral void
virtaal void
viriwal void
virtual void

virtual void.

virtual void

GetRGRColor(TRGRColor& aRGBColar)  canst:
GetLuvColor(TLuvColor& aLuvColor)  const:
GetLabColor(TLabColor& al.abColor)  const:
GetGrayColos(TGrayColor& aGrayColor) const:
GetCMYKColor(TCM YK Color& aCMYKColor) const;
GetHLSColor(THLSColor& aHLSColor) const;
Getxy YColor(TxyYColord: axyYColor)  const:

virtual void GetHSVColor(THS VColor& aHSVColor).  const:
virtual void GetYIQCeolor(TYIQColor& aYIQColor) * const:
virwial . vaid GetDEV3Colot(TDEV3Color&k aDEV3Color) const;
virtual void GetCALColor(TCALColor& aCALColor) - const;
/f === Retums ===~
i For efficency, subclasses ¢an override any of thesc.
I For instance, TRGBColor should override ReturnRGBColor()
I {retumn *this)} NOTE even when over written these member functions

/l are very very expensive

ReturnRGBColor()const;

virmal TRGBColor

virtual TLuvColor RemmLuvColor()const:

virwal TLabColor ReturnLabColor(Jeonst:

virwal TGrayColer RewmnGrayColor()const;

virual TCMYKColor RenimCMYKColor()const;

virtual THLSColor RerurnHLSColor{)const;

virtual TxyYColor Remumxy YColor{Jconst;

virtual THSVColor ReturnHS VColor()const;

virtual TYIQColor RetumY1QColor()const;

virtual TDEV3Color RerurnDEV3Color()const:

virntal TCALColor RetumnCALColor()const;
[/l === Indexs ===

4 Find the closest match in a colorlist.

i Subclasses can override this method to envoke

n TColorList methods that take a specific brand of

# TCalor subclass.

virmal long FindListIndex(TColorList& colors)const;

virtual PainiType  GetPain{Type (Jconst {retm eSimpleColor:|

/] going away

/] === Seis ==
i Sets the Opacity
void SetOpacity ( Glntensity opacity );
i Pins the Opacity 10 0.0-1.0
void ClampOpaciry();
¥/ Subclasses must override this method
virrual void SetWithX YZColor(const TX YZColor& aX YZColor) = 0
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| File  XYZColor.h

il What: X YZColor used o define interfaces for TXYZCuolor

f Copyright & Appie Computer, Inc.
i All Righis Reserved.

#ifndef __XYZCOLOR_
#define _ XYZCOLOR__

Hifndef __ COLORGAMUT_
#include <ColorGamut.h>
#endif

#ifndef _ COLOR__
Hinclude <Color.h>
Hendif

class TXYZColor: public TColor{
public:

Jf === Constructors ===

TXYZColor();

TXYZColor(const TColor& aColor);
TXYZColor(TColorGamui* theColorGamut);
TXYZColor(

TristimalusCoord X,

TristimulusCoord Y,

TristimulusCoord Z,

Glntensity opacity = 1.0);
TXYZColor(const TXYZColor& aXYZColor);
TXYZColor(

TColorGamut® theColorGamut,

TristimulusCoord X,

TristimulusCoord Y.,

TristimujusCoord Z,

Glintensity opacity = 1.0);
TXYZColor(TTristimulusPoint aPoint):

Jf === Destructor s==

virtual  ~TXYZColor();

J} === Gelts ===
virtual  void GetXYZColor{TXYZColor& aXYZColor)canst;
virtual  void GetRGBColor{TRGBColor& aRGBColor)const;
virtual  void GetGrayColor(TGrayColor& aGrayColor)onst;
I virtual  long FindLisUndex{TColorList& colors)const;

void GetComponents(
TFristimulusCoord&: X,

34
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TristimulusCoord& Y.
TristimulusCoord& 7,
Glntensity& opacity Jeonst:
void Getallg
TristimulusCoord&: X,
TristimulusCoord& Y,
TristimulusCoord&. 7.
Glntensity& opacity, .
TColarGamus* & theColorGamuit)const:
veid GerClampedComponents(
TristimulusCoord& X,
TrsumulusCoord& 'Y,
TristimulusCoord& Z.
Glmensity& opagity)const; . .
TristimulusCoord GetX(Jcorist;
TristimulusCoord GetY(Jconst;
TristimulusCoord GetZ({ }eonsi;

GCoordimate ..GetColorDifferencefconst TXYZColor&: Color2)const;

{f === Remims =e== ‘
virwal TXY7ZColor © RemmXYZColor()const;
N === 5% ===
virnzal: void SetWithX YZColor(const TX YZColor& aXYZColor):
void SetColor(const TColor & aColot);
virrual | void SetWithRGBColor{const TRGBColor& aRGBColor)::
virmal void SetWithGrayColor(const TGrayColor& aGrayColor};
void SeatAll
TColorGamut* theColorGamut.
TristimulusCoord X,
TristimulusCoord Y,
TristimulusCoord Z,
Glntensity opacity = 1.0);
void Se:Components{
TristimutusCoord X,
TristimulusCoord Y,
TristimulusCoord Z,
Glmensity opacity = 1.0 );
void SetX(TristimulusCoord X);
void Set¥(TrisumulusCoord Y);
void SetZ(TristimulusCoord Z);
# === Base Functionality ===

TXYZColor& - operator= ¢const TXYZColor& Source);
void PrintObject() const; / gone before shipping

{l === MCollectible ===

MCollectibleDeclarationsMacro(T: XYZColor),

virmal Boolean. . {sEqual (const MCollectible* Source) const;
virual TSweamé& operator>>= (T: Stream& Y const;

virtual TStream& operator<<= (TSwreamé&);
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/I === TXYZColor math ===

friend
friend
friend
friend
friecnd

Bocican
Boowan
Boolcan
Booican
Boolzan

friend TXYZCoi~r
friend TXYZCoicr
friend TXYZCoix
friend TXYZColor
friend TXYZCol::
friend TXYZColcr

protected:
private:

// === Inlines ===
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operator<= ( const TXYZColor& Colori.const TXYZColor& Color2);
operator< ( const TXYZColor& Colorl.const TXYZColor& Color2);
operator> ( const TXYZColor& Colorl.const TXYZColor&k Color2);
operator>= { const TNYZColor& Colorl,const TXYZColor& Color2):
operator!= ( const TXYZColar& Colori.const TXYZColor& Color2):
aperator+ ( const TXYZColor& Colorlconst TXYZColar& Color2);
aperator- { const TXYZColod Colorl.const TXYZColor& Color2):
operator* { const TX YZColor& Colorl.const float aSXYZar );
operator/ { const TXYZColor& Colorl.const float aSXY7Zar );
operator® ( const loat aSX YZar,const TXYZColor& Colort);
operator/ ( const float aSXYZar,const TXYZColor& Colorl);

TXYZ7Color&  operator+= ( const TristimulusCoord aSXYZar);
TXYZColor&  operator-= ( const TristimulusCoord aSX YZar):
TXYZColor&  operator*= ( const float aSXYZar);
TXYZColor& operator/= ( const float aSXYZar);

Tristime zsCoord (X (Y.JZ:

inline void TXYZColor::Ge:Components(

{

TristimulusCoord& X,
TristimulusCoord& Y,
TristimulusCoord& Z,
Glntensity& opacity)const

X =Y =fY:Z =1Z; opacity = {Opacity:

}

intine TristimulusCoord TXYZColor::GetX() const

{ reum (X}:}

intine TristimulusCoord TXYZColor::Ge1Y() const

{ rewam (fY):}

inline TristimulusCoord TXYZColor::GetZ() const

{ rerum (£2); }

#endif
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[l - File: LabColor.h

1 What: - - LabColor-used to define merfaces for TLabColar

It Copyriglu @ Apple Cantpaner, I
el - " AHRights Reserved.

#ifndef__LabCOLOR_
. #define _ LabCOLOR

#ifndef . COLOR__
#include <Color.h>
#endif

#ifnde{ _TRISTIMULUSPOINT
#include <TriStimulusPoint.h>
#endif o ‘

- #ifndef : - COLORGAMUT:
#include <ColorGamut.h> - - -
#endif, ..

#ifndef - STREAM_
#include <stream.h>
#endif

#ifndef __FSTREAM_
- #include <fstream.h>
#endif

#ifndef __XYZCOLOR_
#include <XYZColor.h>
#endif

class TLabColor: public TColor{
public:

/] === Constructors ===

TLabColor();

TLabColor{const TColor&: aColor);
TLabColor(TColorGamut* theColorGamut);
TLabColor( B

TristimulusCoord L,

TristimulusCoord a,

TristimulusCoard b,

Glntensity opacity = 1.0);
TLabColor(const TLabColor& aLabColor);
TLabColor(

TColorGamut* theColorGamut,

TristimulusCoord L.,

TristimulusCoord a,

TristimulusCoord b,

Glntensity opacity = 1.0);

TLabColor(TLabColor& aLabColor.TTristimulusPointé aRefWhiter:
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/) === Destructor ===
virtual  ~TLabColor();
fl === Gels ===
virtwal  void  GetXYZColor(TXY7.Color& aX YZColor)const;
viriual  void GetLabColor(TLabColor& uLabColorkonst:
virtwal  void GetRGBColor(TRGBColord: aRGBColor)const;
virtual  void GetGrayColor(TGrayColor& aGrayColoryonst;
" virtual  long FindListndex(TColorList& colars)onst
void GetComponents(
TnstimulusCoord& L,
TristimulusCoord& a,
TristimulusCoordé& b,
Glntensityd opacity)const;
void GetAll(
TastimulusCoord& L,
TristimulusCoord&: a,
TristimulusCoord&: b,
Glniensity& opacity,
TColorGamut* & theColorGamut)const:
void GetClampedComponents(
TristimulusCoord& L,
TristimulusCoord& a.
TristimulusCoordé& b,
Glntensity& opacity)const;
TristimelusCoord Getlf)const;
TristimulusCoord Geta()const:
TristimulusCoord Getb()const;
{{ === Rerums ===
virma TLabColor RetumLabColor()const;
Jf === Sets ===
virtual void SetWithXYZColor(const TXYZColor& aX YZColor);
void SetColor(const TColor& aColor); .
virtual ~oid SetWithLabColor(const TLabColor& alabColor);
virtual void SetWithRGBColor(const TRGBColor& aRGBColor).
virwal void SetWithGrayColor(const TGrayColor& aGrayColor);

void SetAll( .
TColorGamut* theColorGamui,
TristimulusCoord L,
TristimulusCoord a,
TristimulusCoord b,

Glntensity opacity = 1.0):

void SeirComponents(
TristimulusCoord L.
TristimulusCoord a,
TristimulusCoord b,
Glntensity opacity = 1.0 ),

void = SetL{TristimulusCoord L):
void Seta(TristimulusCoord 2);
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vaid- ) S TrsEmtulusCoond b
/I === Basc Funcuoaahiy z==
TLabColer& . operators (vonst TLabColord Sogrees.

vaid PrimOnec i) vonst; f7 gorz sefore §

H === MCollccuhle ===

- virtwal TStrcamé - operator>> = (TS reamd: )

MCollecunleDectarationsMacro(T LabColor
virtual-Boolean - IsEqual {const MCoilcctiz.: = Source v const;
nst

virtual TStream& . operatore<= (TStream&

A === Cd]orimctr_v ma=

GCoordinzie GeiCemelateOfLightess();
GCoordinate GetCorrelaiesOfCh-oma();

GCeodrdinate GetHueAngla():

GCoordinate GetHueDifferenceiconst TLabColor& Celori:
+. - GCoordinate GetColorDifferencetcanst TLarTolor& coiorliconsy

void GélRefWhite{TTnstimulusPoint& aRefWhite)::

‘ void SetReWhit TTristimulusPoint& aRef = e):
void SetRefWhite(TristimulusCoard-X. TrisumulusCoord Y. TistimulusCoord Z )i
void SetRefWhite(Temperawre sTemperature}.

" ff ===TLabColor math ===

friend -
friend
friend

Boolcan
Boolean .
Boolean
friend Boolean
friend Boolean
friend TLabCelor - -
friend TLabColor
friend TLabColor
friend TLabColor -
friend TLabColor
friend TLabColot

TLabCeiord

protecied:
private:

~ operator<=( const TLabCelzr& Cole: . .const TLabColord Celor2);

operator<- ¢ const TLabCelred Colory:zonst TLabColor& Ceicr2y,
operator> - (- comst TLabCelar& Color.zonst TLabColerd Calzr2):
operator>={ const TLabCearé Color
operator!= ( const TLabCelo:& Coloriconst TLabColor& Ceicr2):
operator+-{ const TLabCoier& Coloriizonst ThabColor& Color2)
aperator- { const TLabCoics&. Colori.const TLabColor& Colen2);
epcrator* ( const TLabColz:& :.zonst float aSLabar ):

cperator/ ( const TLabCo
oxcrator® (-const floer aSkemar,cons
ratorf (const floas-aS
operzior+= {¢o;

~abColor& Colorl )
wCoord aSLabar):
operator-= { con sCoord aSLabar):
operator*= { const oat aSlavar),

operaior/= { cons: Toat aSLerar);

TristimutusCoord L fafb;

static TristimulusCoord fRe/WhiteX,fRefWhite Y fRe v hiteZ;

{| === Inlines ===

ntine void TLabCelor: :GetComponen:s:

TrstimulusCoord& L.
TristimulusCoordé&. 2,
TristimulusCoordé& b,
Glntensity& opacity)eonst

L=flia=fab=f opacity = {Opacity;

44

- const TLabColor& Celor2): -
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inline TristimulusCoord TLabCalor:Getly ) const
{ retum (fL):)

inline TrstimulusCoord TLabColor:Geta() canst
{ retum (fa);}

inline TristimulusCuord TLabColor::Getl() const
{ retum (fb). }

#Hendil
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[l File: RGBColor.h

i What: - . RGBColor used 10 define inlesfaces. for TRGBColor

i Copyright © Apple Computer, Inc.
H All Rights Reserved.

¥ifndef __RGBCOLOR__
#define _ RGBCOLOR

class TColorGamut;
#ifndef - TRISTIMULUSPOINT - :

#include <TriStimulusPoint.h>
#endif

#ifndef .- DEVICECOLOR.
#include <DeviceColor.h>
#Hendif

class TRGBColer: public TDeviceColor|

public:
/] ===:Constructors ===
TRGBColor();
TRGBColor(const TColor& aColor);
TRGBColor(const TDeviceColar& aDeviceColor);
TRGBColor(TColorGamut* theDeviceColorGamut);
TRGBColor{
Glntensity Red,
Glntensity Green,
Glntensity Blue,
Glntensity opacity = 1.0);
TRGBColor(const TRGBColor& aRGBColor):
TRGBColox(
TColorGamut* theDeviceColorGamut,
Glntensity Red,
Glntensity Green,
GIntensity Blue,
Glnensity opacity = 1.0);
J/ === Destrucior ===

virtwal  ~TRGBColor();

J === Gets ===



5,528,261
49 : 50

vord  GetXY7/Color(TXYZColor& aX YZColor)consi:
virtwal  vond GetRGBColor(TRGBColor& aRGBColor)const:
viral  void GetGrayColor(TGrayCalor& aGrayColor )eonst:

viriual  long FindListindex(TColorList& colors konst;

void GerCompunenis(
Glntensity& Red.
Glmensity& Green,
Gintensity& Blue,
Glntensity& opacityiconsi;
void GetAil
Glmensity& Red,
Glntensity& Green,
Glntensity& Blue,
Glntensity& opacity.
TColorGamut*& theColorGamut)const:
void GetClampedComponents(
Glniensityd Red.
Glntensity& Green.
Glntensity& Blue,
Glntensity& opacity)const:

Glntensit: GetRed( wonst;
Glntensuy GetGreen( )corist;
Glntensity GetBlue{jconst;

GCoordtzte GerColorDifference(const TRGBColord: color2)const:
!/ === Retums ===

virtual TRGBColor ReturnRGBColor()const:

/] === Sets ===

void SaWithXYZColor(const TXYZColor& aX YZColor):
void  SeiColor canst TCoior&: aColor);

virtual ve:d SetWithRGBColor{const TRGBColor& aRGBColor):
virmal ve:d SetWithGrayColor(const TGrayColor& aGrayColor):

void SetAlll
' TColorGamut* theDeviceColorGamut,
Glntensity Red,

Glntensity Green,

Gintensity Blue,

Glntensity opacity = 1.0);

void SatComponents(
Glntensity Red.
Glntensity Green,
Glntensity Blue,
Glntensity opacity = 1.0 );

void SetRed(Glntensity Red):
void SetGreen(Glntensity Green);
void SetBlue(Glniensity Blue);

void ClampComponents();
void ScaleComponents();

// === Base Functionality ===
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 TRGBColor&  operator= {(const TRGBColor& Source):
void- PrimObjeci{) const: 1 gone before shipping

f1 === MCollectible ===
MCollectibleDeclarationsMacto(TRGBColor);
virtuat Boolean  IsEqual (const MCollectible® Source) const;

virtual TSircam&  operator>>= {TStrcamé Y const:
virtual TStrcamé&  operator<<= (TStream&: )

// .=== TRGBColor math ===

friend Boolcan operator<= ( const TRGBColor& Colorliconst TRGBColor& Color2);
friend Boolean operator< ( const TRGBColoré& Colorl.const TRGBColor& Color2);
friend Boolean operator> { const TRGBColoré Colori.const TRGBColor& Color2),
friend Boolean operator>= { const TRGBColor& Colorl,const TRGBColor& Color2);
friend Boolean operator!= { const TRGBColor& Colorl.const TRGBColor& Color2);
friend TRGBColor aperator+ { const TRGBColor& Colorl,const TRGBColor& Color2),
friend TRGBColor operaior- . const TRGBColor& Color!.const TRGBColoré& Color2);
friend TRGBColor operator*. { const TRGBColor& Colorl.const float aScalar );

friend TRGBColor operator/ { const TRGBColor& Colorl.const float aScalar );

friend TRGBColor operator* ( const float aScalar,const TRGBColor& Colorl);

friend TRGBColor operator/ ( const float.aScalar.const TRGBColor& Colorl);

TRGBColot& = operator+= ( const TristimulusCoord aScalar);
TRGBColor& - operator-= ( const TristimulusCoord aScalar);
TRGBColor& - operator*= ( const float aScalar);
TRGBColor&- - operator/= { const floar aScalar);

Glntensity  fRed,.{Green,{Blue:
protected:
private:

{/ === All This stufT is going away in D22 ===
{1 === All This stuff is going away in D22 ===
All This stff is geing away in D22 ==
All This swff is going away in D22 =

vaid Get(Glntensity& r.GIntensity& g,Glniensity& b.Glntensity& m)const:

void-Se{GlIntensity 1.Glntensity g Glniensity b,GIntensity m = 1.0.);

virwal void : GetColor ¢ TRGBColor& color ) const;
virtual void GeiColor.{ TColoré& color ) const;
virtaal void GetColor { TGrayCalor& color.).const;
virral - long GetComponemCount().const;

virwal .. void GetComponents(Glntensity *components) consl:

void SclRGB(GInlcnsity Red Glntensity Green, Gintensity Blue):
void SctRGB(const TRGBColor& aColor);
void SetRGB(const TXYZColor& aXYZColor);

virtual void Clamp);
virtual void Scale();
} === Al This swff is going away in D22 ===

1/} === All This stuff is going away in D22 ===
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l|  File: ColorGamut.h

" What: ColorGamut routines for Color matching

il Copyright & Apple Computer, Iac.
" All Rights Reserved.

#ifndef _ COLORGAMUT__
#define _ COLORGAMUT __

class TColor;
class TRGBColor:
class TXYZColor:

#ifndef __ ATTRIBUTES__
#include <Artributes.h>
#endif

#ifndef _ TRISTIMULUSPOINT__
#include <TriStimulusPoini.h>
#endif

typedef char ColorFileName;

const MatrixDimension=3:

typedef double TransMatix[MatrixDimension][MatrixDimension};
typedef double MatrixVi'ue:

typedef long MatrixIndex:

ffemmrmmase e m = f
/{ TColorGamut /#/
{/m========m======f/

class TColorGamut : public TAttribute|

public:

TColorGamut(ColorFileNzme *FileName);
TColorGamut(const TColerGamui& aColorGamut);
TColorGamuu();

virtwal ~TColorGamui(}:

virtual void GetRedPoint(TTristimulusPoint& aPoint) const:
virual void GetGreenPoindTTristimulusPoint& aPoint) const
virtual void GeBlucPoinu(TTristimuiusPoint& aPoint) const:
virtual void GetCyanPoini(TTristimulusPoint& aPoint) const;
virtual void GetYellowPoinu(TTrisimulusPoini& aPoint) const;
virtmal void GetMagentaPoint(TTristimulusPoint& aPoint) const;
virtual void GetBlackPoint(TTristimulusPoint& aPoint) const;
virtal void GetWhitePoin TTristimulusPoint& aPoint) const;

54
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virtual void SetRedPainitconst TTristimulusPoini& aPoint )
virtual void SctGreenPoinieonst TTasumulusPoined: aPont i,
virwal void SetBlucPoint(const TTristimulusPointée aPoin )
virtual void SetCyanPoint(const TTristimulusPoint& aPoimnt );
virtual void SetYellowPoini(const FlristimulosPomnt& alont ).
virtual void SetMagentaPoini(const TFrstimulusPoint& alont 1
virtual void SetBlack Puini(const TTristimulusPoint& aPoint )
virwal void SetWhilePointtconst TTristimulusPoint& aloint );

ColorFileName *gettheFileName() const:

/! === Base Functionality ===
TColorGamur* - GetColorGamut{);

void GelXX YZ2RGBMatrix(TransMarrix& X YZ:X GBMarmix)const;
void GetRGB2XYZMatrix(TransMavix& RGB.XYZMawmix)const:

void ConvertRGBtoX YZ(
const TRGBColor& aRGBCelor,
TXYZColor& aConvertedX YZColor)const;

void ConvertX YZ1oRGB(
const TXYZColor&: 2aX YZCzior.
TRGBColor& aConvericdRGBColor )const;

const TColorGamuté operator=( const TColorGamui& sourzz )2
virnual void PrintObjcct() const ;
void PrintMatrix() const; -

#/ === MCollectible overrides === -

'MCollectibleDeclarationsMacro (TColorGamut

" virtual Boolean ) IsEqual ( const MCsilectible® ) const; -
virtual TStreamé&: - operator>>= ( TStreamé& toxzereyconst:
virtual TSreamé: - -operator<<= ( TStreamé& fre—~+here::

friend void TTristimulusPoint::ConvcnnyZTristimﬁ]usCoord(ﬂoat w.iloat v. float Y):

protected:
private:

ColorFileName fihef ileName[80};
TTristimulusPoint - fRed, (Green, {Blue,
fCvan, fYellow fMagenta,
fBlack fWhiiz

{/ Swff to go between RGB<->XYX

double fXYZ2RGBI{3]{3];

double fRGB2XYZ{31{3};

virtual void MakefXYZ2RGBMatnix() const;
void DefineTransformationMamix() const;
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File: Coloirrofile.h

Copyright @ Apple Computer, Inc.
All Righis Reserved.

-~
class TColorProfile - public TColorGamus
{

public:
~TColorProfile();

const TColorMatcher*  GetColortMatcher();

private:
TColorProfile();

IR
#endif

/.

class TAppleColorProfile : public TColerProfile

(

public:
TAppleColorProfile();
TAppleColorProfile(ColorFileName *FileName);

TAppleColorProfile(const TAppleColorProfile& aAppleColorProfile);

~TAppleColarProfile();

/f make a new color profike

TAppleColorProfile(TColorGamut& theColorGarmut,
TGCurved Black,
TGCurved Cyan,
TGCurve& Green,
TGCurve& Yellow,
TGCurve&k Red,
TGCurve& Magenia,
TGCurve& Blue,
TGCurve& Gray);

TAppleColorProfile(TColorGamut& theColorGamut,
TGCurved& GamutLikeCurve),

{ For Characterization of monitors
Tlmage *MakeMonitorTImageScreen(int SernPixX,int SemPixY. TRGBColor& thaColos)
unsigned char *MakeMonitorlmageScreen (int ScmPixX.int ScnPixY . TRGBColor& HeColor):

/I For Characterization of Printers
Tlmage *MakePrinterImage(int SquareSize);
unsigned char *MakePrinterTImage(int SquareSize);

_virtua] void PrintObject() const;

virtual const TonalReproValue* GetRedCurve(). const;
virtual const TonalReproValue* GetGreenCurve() const;
virtual const TonalReproValue* GeBlueCurve() const;
virtual const TonalReproValue* GetCyanCurve() const;
virtual const TonalReproVelue* GetYellowCurve() consi;
virtual const TonalReproValue* GetMagentaCurve() const;
virtual const TonalReproValue* GeBlackCurve() consy;

/Match it Teolor
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void gelMatchchoIorCl.".mped’(TCo]of& UnmatchedColor, TColor& MatchedColor);

© JMMatch it PixelBuffer
.void getMatchedPixelBufferClamped(const TCalorGamut& : fromColorGamut);

{/ == MCollectible. overrides ===

MCollectibleDeclarationsMacro (TAppleColotProfile);

virtual Boolean IsEqual ( const MCollectible* ) ‘const;
virtual TStreamé&  operator>>= ( TStreamé: towhere }-const;
virnual TSireamé& operator<<= ( TStream& fromwhere );

private:
TonalReproValue [RedCurve{DimTonalReproCurve],

{GreenCurve{DimTonalReproCurve], .
fBlueCurve{DimTonalReproCurve],

fCyanCurve[DimTonalReproCurve],
fYellowCurve[DimTonalReproCurve],
MagentaCurve[DimTonalReproCurve];
fBlackCurve{DimTonalReproCurve];

/! Matching Stuff

Boolean . - fColorMatcherHasBeenCreated;
void CreateColorMatcher{const TColorGamut& fromColotGamut);
void DestroyColorMatcher();

i
#endif

60
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1t
class TAppleColorProfile : public TColar el
{

public:
TAppleColorProfile();
TAppleColorProfile(ColorFilel zme *FileName);
TAppleColorProfile(const TAz:ieCalorProfile& aAppleColorProiiie);
~TAppleColarProfile();
// make a new color profike

TAppleColorProfile(TColorGamuté: thel:lerGamut,
T

& Magenra,
& Blue,

TAppleColorProfile(TColorGamuték theloic:Gamut,
TGIone& GamutLikeCurve):

// For Characterization of monitors
Timage *MakeMonitorTImageScrez=iin: SanPixX.int SemPixY,TRG3Color& theColor);
unsigned char *MakeMonitorImageScres (in: SemPixX.int ScmPixY,TRGBColor& theColor);

/ For Characterization of Printers
TImage *MakePrinterimage(int Sque:
unsigned char *MakePrinterTImage(int S5

virtual void PrintObject() const;

virtual const TonalReproValue* GetRedC=ve) consy
virtual const TonalReproValue” GetGrez.

virtual const TonalReproValue* GeBluel ) const;

virtual const TonalReproValue® GetCyz () consy

virtual const TonalReproValue® GetYel, ve() consl;

virtual const TonalReproValue™ GetMazzm:zCorve()  const;

virtual const TonalReproValue* GetBlac] {) const

{/Match it Teolor

void getMatchedColorClamped(TColoré UrmaichedColor, TColord: Ma:zz22Coler);

/Match it PixelBuffer
void getMatchedPixelBufferClamped(co:s: TColorGamuté fromColorGaziz):

/I === MCollectible overrides ===

MColieciibleDeclarzz:nsMacro (TAppleColorProfile

virtual Boolean IsEqual ( const MCollectiziz* ) const;
virmal TSweam&  ozerae>>= { TSweam& wowhere ) consy
virtuzl TSweam& onerawr<<= ( TStream& fromwhere =

private:
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TonalRepro Value fRedCurvefDimTonalReproCurve],
{GreenCurve[DimTonalReproCurve),
’ ) BhueCurve[DimTonalReproCurve],
fCyanCurve[DimTonalReproCurve], )
fYellowCurve[DimTonalReproCurve],
fMagentaCurve] DimTonalReproCurve],
fBlackCurve[DimTonalReproCurve];

/I Matching Stuff

Boolean --fColorMatcherHasBeenCreated; o
void CreateColorMatcher(const TColorGamut& fromColorGamut);
void DestroyColorMatcher();

h
#endif
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class TColorMatcher : public MCollectible
(

public:

virtual  ~TColorMatchFunction();

TColorMatchFunction();

vitural void ColorMatchFunction(const TColor& theColor, TColoré& theMatchedColor, TColorState&
theColorStaté; Token& HowToMatch);

unsigned long GetSeed()consl;

private:
unsigned long fseed;

static const TColorMatcher* CreateColorMatcher();

static void SerColorMatcher(const TColorMatcher& newColorMatcher);
static unsigned long GetColorMatcherSeed()const;

in.c

static TColorMarch* gColorMaicher = NIL;
static unsigned long gMatcherSeed = 0;

TColorMatcher* CreateColorMatcher()
{

if (gColorMarcher == NIL)
gColorMatcher = new TColorMaicher;
return gColorMatcher->Clone();

}

void SetColorMatcher(const TColorMatcher& newColorMatcher)
{

gMatcherSeed++;

delete gColorMatcher;

gColorMatcher = newColorMatcher.Clone();

)
unsigned long GetColorMatcherSeed()
{

return gMatcherSeed;

B
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Class TCALColor

i File: - . CALColorh

It ) Copyright © Apple:Computer; Inc.
3 All Rights Reserved.

] . .

1]

fi

H

e ‘ : .

#ifndef - CALCOLORTEMPLATE

#define - CALCOLORTEMPLATE. _
class TColorGamut;

#ifndef _TRISTIMULUSPOINT __
#Hinclude <TriStimulusPoint.h>
#Hendif: g

#ifndef _ COLOR_
#include <Color.h>
#iendil )

class TCALColor: public TCalor{
i public:: '

/f === Constructors ===

TCALCoor();

TCALCqlor{zonst TColor& 2Color);

. TCALColor(TColorGamut= theColorGamut):. .

TCALColox( o '
TristimulusCoord: Componentd ;s
TristimulusCeord: Component2:
TristimulusCoord: Component3. . .
Glntensity opacity =1.0);

TCALColor(eonst TCALColor& -aCALColor):

TCALColor{ ;
TColorGamur* theColorGamut,: ;..
TristimulusCoord. Componentl.
TristimulusCoord Compornent2;
TristimulusCoord- Component3.

68
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Glntensity opacity = 1.0);

/" TCALColon(TCALCalor& aCALColor, TTristimulusPoint& aRcfWhite):

{l === Destructor ===
virtual
I ==="Gets ===
virtual
virtual
virtual
virtual
1! virtual

~TCALColor():

void  GetX YZColor(TXYZColor& aXYZColor)const:
void GetCALColor(TCAL Color& aCALColor)const:
void GetRGBColor(TRGBColord aRGBColor)cons::
void GetGrayColor(TGrayColor& aGrayColor)cons::

long FindListindex(TColosList& colors)const:

void GetComponents(

TristimulusCoord& Componentl,
TristimulusCoord& Component2,
TristimulusCoord& Component3,
Glntensity& opacity)const;

void GetAll(

TristimulusCoord& Componenti,
TristimulusCoord& Component?2
TristimulusCoord& Component3,
Glntensity& opacity,
TColorGamut*& theColorGamut)const;

void GetClampedComponents(

TristimulusCoord& Comp 1
TristimulusCoord& Component2,
TristimulusCoord& Component3,
Glntensity& opacity)const;

TristimulusCoord GetComponent]{jconst;
TristimulusCoord GeiComponent2()const;
TristimulusCoord GeiComponent3()const;

// === Returns ===

/] === Sets ===

virtual

virtual
void
virtual
virwal
virtual

void

void

TCALColor RetumCALColo: Yeonst:

void SetWithX YZColor(const TXYZColor& aXYZCclor);
SetColor(const TColor& aColor);

void SeiWithCALColor(const TCALColor& aCALColor);

void SetWithRGBColor(const TRGBColor& aRGBColor);

void SetWithGrayColor(const TGrayColor& aGravColor):
SetAll(
TColorGamut* theColorGamut,
TristimulusCoord Component!,
TristimulusCoord Component2,
TristimulusCoord Component3,
Glntensity opacity = 1.0);
SetComponenis{

TristimulusCoord Componentl,
TristimulusCoord Component2,
TristimulusCoord Component3,
GlIntensity opacity = 1.0 );

70
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void . SetComponentli TristimulusCoord :Componentl);

void SeiComponent: TristimilusCoord’ Component2):
void SeiComponent. TristimulusCoord Componeni3);
* I === Base Functionalily ===

TCALColor& . operator=siconst TCALColor& Source:
voiud PrntObject() tonst; 4 gone before shipping

/=== MCo]!ccublc ===

MCollectibleDeclarations Macro(TCALColor);

* virwal Boolean . IsEquzl:(const MCollectible® Source).const:
virtual TSuéamé&: operatci»>>s (TStreamé&) const:
virtual TSweamé& - operaterca= (']‘Sr:eam&);

=== Colonmelry z=z
GCoordinate GetCorrelz:20fLi ghlreas()
GCoordinate GetCorrelatesOfChroma(}:
GCoordinate GetHueAngle():
GCoordmaxc GetHueDifference(const TCALColor& Color2):
GCoordmzue GerColorDifference(const TCALColor& color2ionst;

: void SetRefWhite(TTris=mulusPoin:& aRefWhite);
void SetRefWhite(TristimulusCoord X. TristimulusCoord Y- TristimulusCooré Z):
void SetRefWhite(Temperature aTempe:aure);

/] ===TCALColor math ===

friend Boolean aperaier<= ( cons: TCALColor& Colorl,corst TCALColor& Color2);
friend Boolean operate:< ( cons: TCALColor& Colorl,cons: TCALColor& Color2);
friend Boolean operaicm> ( consi TCALColor& Colorl,corst TCALColor& Color2);
friend Boolean operaic:>= ( cons: TCALColor& Colorl.const TCALColor& Color2);
friend Boolean operater!=( const TCALColor& Colorl,const TCALColor& Color2):

friend TCALColor operaier= { const TCALColor& Color},const TCALColor& Color2);
friend TCALColor operaies- - ( const TCALColor& Colorl.cons: TCALColor& Color2);
friend TCALColor operaiwe:® ( const TCALColor& Colorl.cors: float aScalar );
friend TCALColor opera:’ - { const TCALColor& Colorl,cons: float aScalar );
friend TCALColor operaier* - { cons: float aScalar.const TCALColor& Colorl);
friend TCALColor operawe:  ( consi float aScalar,const TCALColor& Colorl);

TCALColor& operator-= { const TristimulusCoc:Z aScalar);
TCALColor& operator-= ( const TristimulusCoors aScalar);
TCALColor& ~ operator*= ( const float aScalar);
TCALColor& - aperator,= (- const-float-aScalar):

protected:
private;
TristimulusCoord  fCorzzonentl fComponent2,f{Component::
static TristimulusCoord RefWhiz2X fRefWhite Y, fRefWhiteZ;

b

// ===Inlines ===

inline void TCALColor::GetComponents(
Tristim:lusCoord& Componentl,
TristimzlusCoord& Component2,
TristimulusCoord& Component3,
Glniersity& opacity)const

Component]: = fComponentl; Component2-= fComponent2; Componensi = fComiponent3: opacity = fOpacity;
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inline TristimulusCoord TCALColor::GetComponent1() const
{ return (fComponent1):]

inline TristimulusCoord TCALColor::GetComponcni2() const
{ returmn (FComponeni2):)

inline TristimulusCoord TCALColor:GeiComponent3() const
{ return (fComponent3); |

#endif
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- Class. TDEV3Color

Pad -t

]

it File: DEV3Calorh

H

1

i

it Copyright © Apple-Computer. Inc.
n All Rights Reserved.
il

It

i

i

*/

#ifndef - DEVCOLORTEMPLATE __
#define._ DEVCOLORTEMPLATE_,

’ class TColorGamut;

#ifndef _ TRISTIMULUSPOINT.
#include <TriStimulusPoint.hs

#endif

#include <DeviceColor.h> .

¢lass TDEV3Color: public TDeviceColor(
public:

/l-=== Constructors ===

TDEV3Color();
TDEV3Coior(const TColor& aCszler);

TDEV3Color(const. TDaviceColor& 2DeviceColor )3
TDEV3Color(TColorGamur* theDeviceColarGamin:

TDEV3Color(
Glntensity Componen:l;:
Glntensity Componenz2,
Glntensity Component3,
Glntensity opacity = 1.0)%

TDEV3Coler(const TDEV3Color& aDEV3Color:

TDEV3Colorx(. - - :

TColorGamut* theDevieeColorGamut;

Glntensity Componen:1;
Gintensity ComponcnitZ;
Glntensity Component3,
Glntensity opacity = 1.0);
/ === Destructor ===
- virtual - ~TDEV3Color();

/ == Gets ===

virtwal  void - GetX YZColor(TX YZColoré: aXYZColer)const;
virtual - void . GetDEV3Color(TDEV3Colord 2DEV3Color)onst;
virtual  void GetRGBColor(TRGBColor& 2RGBColor)const;
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virtual  void GeGrayCalor(TGrayCalor& aGravColorconst:
1 virtwal  long FindListlndex(TColorList& colors)canst:

void GetComponents(
Glntensity& Component].
Glmiensity& Componeni2,
Glntensity& Component3,
Glniensity& opacity )consi:

void GetAl)(
Glntensity& Component!,
Glntensity& Component2,
Glntensity Component3,
Glniensity& opacity,
TColorGamut*& theColorGamuticonst:

void Ge!Clampchomponems(
Glntensity& Componentl.
Glntensity& Component?,
Glntensity& Componen(3,
Glntensity& opacity)const;

Glntensity GetComponent! ()const:
Glntensity GetComponent2()const:
Glntensity GetComponent3()const:

GCoordinate GeiColorDifference(const TDEV3Colord color2)const;
J// === Remns ===

virtual TDEV3Color ReturnDEV3Color()const:

/=== Sets ===

virtual void SetWithX YZColor(const TXYZColord: aXYZColor):
void SetColor(const TColor& aColor);

virtual void SctWithDEV3Color(const TDEV3Color& aDEV3Color);

virtual void SetWithRGBColor{const TRGBColor&: aRGBColor);

virtual void SetWithGrayColor(const TGrayColoré: aGrayColor }:

void SctAll(
TColorGamut* theDevic2ColorGamut,
Glntensity Component;.
Glntensity Component>.
Glntensity Componen:.
Glntensity opacity = 1.0

void SetComponents(
Glntensity Componentl.
Glntensity Component2,
Glntensity Componen:3.
Glntensity opacity = 1.0 1:

void SczComponenzl(GImcnsity Component]);
void SctComponcnl2(Glm:nsil_\' Component2):
void Schomponcm3(GImcnsi:y Component3);

void ClampCompo nents();
void ScaleComponents();

{l === Base Functionality ===

TDEV3Color& operator= (const TDEV3Color& Source);
void PrintObject() const; {/ gone before shipping
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What is claimed is:
1. A color processing system capable of interfacing with
a plurality of peripheral devices, comprising:
a) a data processor to which the plurality of peripheral
devices may be coupled; and

b) an operating system, having an object-oriented archi-

tecture. and being stored in said data processor,. for

supporting color and for

i) processing calibrated and uncalibrated colors in
relation to calibrated color space and uncalibrated
color space, respectively; -

ii) transforming uncalibrated colors into calibrated col-
ors;

iii) transforming a given color into an RGB color and
an XYZ color;

iv) transforming an RGB color and an XYZ color into
a color in a given color space;

v) transforming a calibrated-color into a colorin a given
color space;

vi) storing a color gamut associated with one of the
peripheral devices; and

vii) storing a tonal reproduction curve associated with
one of the peripheral devices.

2. A color processing system, according to claim 1,
wherein said object-oriented operating system includes
transform algorithms for transforming an uncalibrated color
into an RGB colorin RGB color space and for transforming
the RGB color.into a calibrated XYZ color in XYZ color
space, for carrying out function(b)(ii).

3. A coler processing system, according te claim 2,
wherein said object-oriented operating system - includes
transform algorithums for transforming said calibrated color
into an XYZ color in calibrated color space and for trans-
forming the XYZ color into an uncalibrated RGB color in
RGB color space.

4. A color processing system according to claim 1 wherein
said object-oriented operating system includes a template
class for adding a color space to the architecture.

5. A color processing system according to claim 1,
wherein said object-oriented operating system includes a
class having a file constructor for storing color gamut data
of a given peripheral device in the operating system..

6. A color processing system according to claim 5 wherein
said object-oriented operating system includes a class hav-
ing a file constructor for storing tonal reproduction curve
data of the given peripheral device in the operating system.

7. A color processing system according to claim 1 wherein
said object-oriented architecture is extensible to support a
plurality of methed functions for color matching colors of
different peripheral devices.

8. A color processing system according to claim 1 wherein
said object-oriented operating system is in the programming
language C++.

9. An object-oriented software operating system architec-
ture for processing uncalibrated and calibrated color
amongst a plurality of peripheral color devices having color
profiles, the architecture comprising the properties of:

a) transforming a given color into an uncalibrated color

and a calibrated color;

b) transforming an uncalibrated color and a calibrated

color into a color in a given color space; and -

c) storing a color profile of a given one of the peripheral

devices.

10. An object-oriented software operating system archi-
tecture according to claim 9; wherein the uncalibrated color
is RGB color:.

- 11. An object-oriented software operating system archi-

tecture according to claim 9, wherein the calibrated color is -

XYZ color.
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12. An object-oriented software operating system ‘archi=
tecture according-to claim 9, wherein the property of storing -
includes storing-a color profile of any peripheral device in
addition to the given peripheral device.

13. An object-oriented software operating system ‘archi-

‘tecture for processing color information amongst a plurality

of peripheral color devices coupled:to a computer, comprls—

ing: ,

a) a color model software module for processmg color
information between any one or more of the plurality. of
the peripheral color devices acting as a source device
and any one or more of the plurality of the peripheral
color devices acting as a destination dev1ce said color
software module including:

i) a first interface level (TColor) defining a virtual ..

abstract base class and a container class containing

calibrated colors;

ii) a second interface level (TDeviceColor) defining a
virtual abstract base class and.a container class
containing uncalibrated. colors;

iti) a class (TColorGamut) containing data defining the
color gamut of one peripheral device; and

iv) a class (TColorProfile) containing data defining a .
tonal reproduction curve for the one peripheral ..
device and method functions for color matching the
color of the one peripheral device to another periph-
eral device;

b) an input interface software module for inputting color
data from one or more of the source devices to said
color model software module; and

c) an output interface software module for outputting
color data processed by said color model software
module to one or more of the destination devices.

14. An object-oriented software operating system archi-
tecture according to claim 13, wherein said first interface
color level (TColor) includes a plurality of color classes
containing calibrated colors.

15. An object-oriented software operating, system archi-
tecture according to claim 14 wherein said plurality ‘of color
classes containing calibrated colors. comprises:

a) a class (TXYZColor) defining a tristimulus calibrated

color space in which tristimulus - coordinates - XYZ
uniquely .define:a color;

b) a class (TLuvColor) defining-a uniform tristimulus
calibrated color, space Luv expressing colors in a per-
ceptual linear fashion, in which u and v are static field
coordinates of a uniform chromaticity diagram, and L
is a static field representing luminance; and

c)- a class (TLabColor) defining a uniform - tristimulus
calibrated color space Lab expressing colors in a per-
ceptual linear fashion, in which a and b are static field
coordinates of a uniform chromaticity diagram and L is

" a static field representing luminance.

16. An object-oriented software operating system archi-
tecture according to claim 15, wherein said static fields Lab
define reference white, said static fields Luv define reference -
white, and- said reference white, respectively, is used: to
transform a Luv color to an XYZ color and a Lab color to
an XYZ color.

. 17. An object-Oriented software operating system archi-’
tecture according to-claim- 15, wherein said class (TXYZ-
Color) has a-subclass (TSpectralColor) which contains three
CIE - color-matching functions as weighting functions to "
obtain a color XYZ from spectral power data.

18. An object-oriented software operating systems archi-
tecture-according to claim 17 wherein said subclass (TSpéc- -
tralColor) contains a static array of data representing three
CIE power spectrum curves used to obtain a color XYZ." -
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19. An object-oriented software operating system archi-
tecture according to claim 17, wherein said first interface
level TColor has a subclass (TTriStimulusPoint) containing
data representing tristimulus points and method functions
including math operators to manipulate the data.

20. An object-oriented software operating system archi-
tecture according to claim 19, wherein said data of the
subclass (TTriStimulusPoint) comprises ChromaCoord x,
ChromaCoord y and TriStimulusCoord Y data, and said
method functions include a method to convert said Chro-
maCoord x, ChromaCoord y and TriStimulusCoord Y to a
calibrated color XYZ.

21. An object-oriented software operating system archi-
tecture according to claim 13, wherein said second interface
level (TDevice Color) comprises a plurality of classes
containing uncalibrated colors.

22. An object-oriented software operating system archi-
tecture according to claim 21, wherein said plurality of
uncalibrated color classes comprises uncalibrated color
space, including:

a) a class (TRGBColor) defining a Cartesian coordinate

based color space of red, green and blue;

b) a class (TCYMKColor) defining a color space of Cyan,
Yellow, Magenta and Black;

c) a class (THLSColor) defining a color space of hue,
lightness and saturation;

d) a class (THSVColor) defining a color space of hue,
saturation and value; and

e) a class (TGrayColor) defining a color space of gray.

23. An object-oriented software operating system archi-
tecture according to claim 15 further comprising a class
(TColorGamut) having information to color. match an
uncalibrated color of one or more source devices to a color
of one or more destination devices.

24. An object-oriented software operating system archi-
tecture according to claim 23 wherein said class (TColor-
Gamut) comprises two constructors, one being a null con-
structor defining the color gamut of a predetermined color
peripheral device and the other being a file constructor
having as its argument a file name containing a color gamut.

25. An object-oriented software operating system archi-
tecture according to claim 23 further comprising a class
(TColorProfile) which descends from said class (TColorGa-
mut) and which contains data defining tonal reproduction
curves of the respective plurality of devices.

26. An object-oriented software system architecture
according to claim 25 wherein said class (TColorProfile)
comprises two constructors, one being a null constructor
defining the color profile of the predetermined color periph-
eral device and the other being a file constructor having as
its argument a file name containing a color gamut.

27. An object-oriented software system architecture,
according to claim 13, wherein said class (TColorProfile)
containing data defining a tonal reproduction curve may
contain tonal reproduction curve data of any device other
than the one device.

28. An object-oriented software system architecture for
supporting a plurality of peripheral devices which may
interface with the architecture, comprising:

a) a first class (TColor), from which all color classes
descend, being a base class and a container class for
calibrated colors;

b) a second class (TDeviceColor) being a base class and
a container class for uncalibrated colors, said second
class (TDeviceColor) descending directly from said
first class (TColor);

c) a third calibrated color class (TXYZColor) descending
directly from said first class (TColor);
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d) a fourth uncalibrated color class (TRGBColor)
descending directly from said second class (TDevice-
Color);

e) a fifth class (TColorGamut) containing a template for
storing color gamut information of one or more of the
peripheral devices; and

f) a sixth class (TColorProfile) containing a template for
storing color profile information of one or more of the
peripheral devices.

29. An object-oriented software system architecture

according to claim 28, wherein:

a) said first class (TColor) stores member functions being
1) GetXYZColor (TXYZColor& aXYZColor);
ii) GetRGBColor (RGBColor& aRGBColor);
iii) SetColor (const color& aColor); and

b) said second class TDeviceColor stores member func-
tions being
1) GetXYZColor (TXYZColor& aXYZColor);
ii) GetRGBColor (RGBColor& aRGBColor)const; and
iii) SetColor (const TColor& aColor).

30. An object-oriented software system architecture
according to claim 28 further comprising a seventh class
(TSpectralColor) which descends from said third class -
(TXYZColor), said seventh class (TSpectralColor) storing
spectral power data of three curves representing color
matching functions.

31. An object-oriented software system architecture
according to claim 28 further comprising at least one addi-
tional seventh class descending directly from said first class
(TColor) and defining calibrated color space.

32. An object-oriented software system architecture
according to claim 28 further comprising at least one addi-
tional seventh class descending directly from said second
class (TDeviceColor) and defining uncalibrated color space.

33. An object-oriented software system architecture
according to claim 28 wherein each color class descending
directly from said first class (TColor) stores method func-
tions for getting an RGB color and an XYZ color from itself.

34. An object-oriented software system architecture
according to claim 28 wherein each class descending
directly from said second class (TDeviceColor) stores
method functions for getting an RGB color and an XYZ
color from itself.

35. An object-oriented software system architecture
according to claim 28 wherein each class descending
directly from said second class (TColor) stores method
functions for setting itself with an RGB color and with an
XYZ color.

36. An object-oriented software system architecture
according to claim 28 wherein each class descending
directly from said second class (TDeviceColor) stores
method functions for setting itself with an RGB color and
with an XYZ color.

37. An object-oriented system architecture according to
claim 28 wherein every class descending directly from said
first class (TColor) or said second class (TDeviceColor) has
member functions for setting itself from a TColor.

38. An object-oriented system architecture according to
claim 28 wherein said sixth class (TProfile) stores method
functions for color matching a color of one peripheral device
to another peripheral device.

39. An object-oriented system arch1tecture according to
claim 28, wherein said third calibrated color class (TXYZ-
Color) stores method functions for transforming a calibrated
color to an XYZ color.

40. An object-oriented system architecture according to
claim 28, wherein said fourth uncalibrated color class (TRG-
BColor) stores method functions for transforming an uncali-
brated color to an RGB color.
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41. An object-oriented system architecture according to
claim 28 further comprising a template for adding a color
class -descending: from said frist class (T'Color) -and corre-
sponding to a calibrated color.

42. An object-oriented systems architecture according to
claim 28 further comprising a template for adding a color
class descending directly from said second class (TDevice-
Color) and corresponding to an uncalibrated color.

43. A method, according to claim 39, wherein the cali-
brated color space is a CIE-based color space:

44. A method, according to claim 43, whrein the CIE-
based color space is XYZ color space.

45. In an object-oriented color system architecture, a
method for processing color information between at least
one source color device having a color gamut and a color
profile and at least one destination color device having a
color gamut and a color.profile, comprising:

a) receiving source color data from -the source color

device;

b) calling a class (TColorGamut) storing data identifying
the .color gamuts of the source. color device and the
destination color device, respectively;

c) calling a class (TColorProfile) storing data identifying
the color profiles of the source color device and the
destination color device, respectively;

d) calling a class storing a method function for matching
the color of the souree color device to the color of the
destination color device;

¢) using the method function, the color gamut data and the
color profile data of the source color device and des-
tination color device to provide destination color data
matching the source color data; and

f) sending the destination color data to the destination .

color device,

46. A method according to claim 45, wherein the source
color data and the destination color data are in uncalibrated
color space, and wherein the method function comprises:

a) calling a class (TXYZ) storing data corresponding to

calibrated color space;

b) transforming the source color data to data in the
calibrated color space;

c) color matching the source color data in calibrated color
space to destination color data in calibrated color space;

d) transforming the matched destination color data in
calibrated space to the destination color data in uncali-
brated color space; and -

¢) outputting the transformed destination color datato the

destination color device.

47. A method, according to claim 45, wherein the classes
(TColorGamut and TColorProfile) store color gamut and
color profile data corresponding to color devices in addition
to the source color device and the destination color device,
and wherein the steps of calling the class (TColorGamut and
TColorProfile) accesses the color gamuts and color profiles
of any two of the color devices whose colors are to be
matched, and wherein the step of calling the method furc-
tion calls the method function to color match any such two
color devices.

48. A method, according to claim 46, wherein the second
calibrated color space is XYZ color space and the uncali-
brated color space is RGB color space.

49. In an object-oriented color system . architecture, a
method of processing color, comprising:

a) receiving a first color in a first calibrated color space;

b) calling a class storing a first method function;

84
c) using the first method function to transform the first
color to a second color in a second uncalibrated color
space;- ,
d) calling a class storing a second method function;. and

e) using -the second method function to transform the
second color in the second uncalibrated color space to
a color in a calibrated color space.

50. A method, according to claim 49, wherein the second
uncalibrated color space is RGB coler space and the uncali-
brated color space is XYZ color space.

51. In an object-oriented color system architecture, a
methed of processing .color, comprising:

" a) receiving a first:color in a-first calibrated color space;

b) calling a class storing a first-method function;

c¢) using the first method function to transform the first
color to a second. color in a second calibrated color
space;

d) calling a class storing a second method function; and

e) -using the ‘second method function to transform. the .

second color in the second calibrated color space to a

~ color in an uncalibrated color space. :

52. An operating system architecture for color processing,
comprising:

a first base class. associated with. calibrated colors;

a plurality. of classes. which descend from said first base .
class .and which are-respectively associated with-a
plurality of calibrated color spaces, each of said classes
including means for transforming between a color in its
associated color space and a color in a predetermined
calibrated color space; ‘

a second base class associated with uncalibrated colors;
and:

a plurality -of classes which descend: from sa1d second
base class and which are respectively associated with a
plurality - of uncalibrated color spaces,.each of said
classes which descends from said second base class
including means for transforming between a color in its
associated color space and a color in a preselected color
space. . ‘

53. The operating system architecture of claim 52, further
including a class which stores color: gamut information for
each-of a plurality of input/output devices, and-which canbe
called by said second base class.

54. The operating system.architecture of claim 53 further
including a class which. stores: color profile data for each.of
said input/output devices.

55.The operating system architecture of claim 54 whereln
said color profile data includes a tonal reproduction curve, -

56. The operating system architecture of claim 54 wherein
“said class which stores color profile data descends from said
class which stores color gamut information.

57. The operating system architecture of claim 52 wherein
said second base class descends from said first base class.

58. The operating system architecture of claim 52 wherein
said predetermined calibrated color space is an XYZ color
space.

59. The operating system architecture of claim 52 wherein
said preselected color space is the same as said predeter-
mined calibrated color space.

60. The operating system architecture of claim 52 wherein
said preselected color space is an uncalibrated color space.

61. The operating system architecture of claim 60 wherein
said preselected color space is an RGB color space.
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