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1.7 RGB and CMYK Color Specification
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Figure 1.9 ICC pro les are platform independent, so pro le contents can be viewed using (a) MacOS
system software called ColorSync Utility or (b) a Windows utility called ICC Profile Inspector.

An ICC profile is a computer file that can vary in size from 4 kB for a simple monitor
profile, to an 8 MB printer profile. Profiles can be embedded in an image or be used as
standalone files. In terms of the construct of a profile, all devices are considered equal —
i.e. the ICC does not distinguish between the profile for a $100 desktop inkjet printer or
that for a $1 million offset printing press.

The ICC framework allows companies to develop new products or write new software
without the worry of which platform or system to support. ICC color management has
enabled quicker time to market and ensured a level playing field. A smaller start-up
company has equal access as a behemoth imaging company, encouraging competition
and entrepreneurship.

The ICC framework allows for expansion into new technology areas. New devices and
systems that were not envisaged at the time of the creation of the ICC nevertheless can
be easily accommodated by the ICC’s open architecture. Color reproduction on tablets,
smartphones and in web browsers; in 3D printing, and in vehicle wraps can all be easily
modeled by ICC profiles. New expanded gamut ink sets, using more than CMYK, such
as orange, green and violet, do not require any new ICC modules.

Apple’s ColorSync technology was the first and best system-wide implementation of
a digital color management system and forms the basis for modern-day ICC color man-
agement. Because of this historical connection, and because ColorSync continues to be
a well-integrated and well-supported part of macOS, this is often the preferred platform
for color management.

ICC color management is here today, and is here to stay, it is not going away anytime
soon, which is justification for the reader to understand color management and how it
works.

1.7 RGB and CMYK Color Specification

In color management we encounter color specification in RGB and CMY (or more com-
monly CMYK). Devices operate using one or the other of these basic color sets, as shown
in Figure 1.10.
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Additive Color Process Subtractive Color Process
RGB CMYK

Figure 1.10 Color imaging devices reproduce colors using either the additive RGB color set (red, green,
and blue) or the subtractive CMYK color set (cyan, magenta, yellow and black). LCD Panel: * Denis
Tabler/Shutterstock.

Some devices create colors using the RGB set (i.e. red, green, and blue). RGB is
called the primary (or additive) color set. The technologies that are based on RGB are
flat-panel displays, digital cameras, and tablet devices. Cyan, magenta, and yellow
(CMY) is the other basic color set. CMY is called the secondary (or subtractive) color
set. CMY devices include all printers and presses. In each system the three colorants
control a third of the spectrum, thus by the use of varying amounts of RGB or CMY we
are able to create a wide range of colors.

In RGB devices, such as a monitor, we can create the primary colors, red, green or
blue, using the red, green, or blue elements, respectively. We can also add red, green or
blue together to simulate other colors. If we add red and blue this area of the screen will
look magenta, if we add blue and green we get cyan and if we add green and red we get
yellow. If we add all three colors together the screen will look white, and if we add none
of these we get black. Of course we can also add perhaps a bit of red and a bit more
of green to make mid-tones and intermediate values. So we see that by controlling the
primary R-G-B colorants we can create any color we want.

The other main color model is the CMY model. In the CMY model, for offset printing,
for example, we place different amounts of cyan, magenta and yellow ink on the paper
to create any of the colors we want. We can add one, two, or three colored inks together
and also differing amounts of each ink. If we add yellow and cyan ink we form green,
and cyan and magenta ink create the impression of blue, finally magenta and yellow ink
makes red. Where we put down all three color inks in one spot this appears as black. If
we want to make white, we put down no ink and the paper shows through making white.

In printing, because of the imperfections in inks, pigments, and toners the black
formed by the addition of cyan, magenta and yellow is not that deep or vivid, so we
artificially introduce a black ink (K), therefore the CMY set is commonly known as
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1.7 RGB and CMYK Color Specification

Table 1.1 RGB and CMYK are instructions for a device and therefore only give a
general indication of the nal color.

Color Model Pixel Value Color
RGB (0-255) R=10,G = 200, B = 32 e
CMYK (0-100%) C=13% M= 6%, Y = 83%, K = 4%

CMYK. Black is called “K” due to historical reasons where the black channel was the
key or keyline channel and the other physical color separations were aligned to the black
channel for registration purposes. (Also if black had been referred to as “B’} it could be
confused for blue.) In most printing processes therefore, we add black ink or toner to
improve the colors in the image. Nearly every type of printing technology from inkjet
printers to digital presses and offset presses, all use the CMYK print model.

You may notice that CMY is “opposite” or complementary to the RGB model. So
we talk about yellow as the opposite of blue, as yellow has no blue in it. And similarly
magenta is the opposite of green and cyan is the opposite of red.

Itis possible to specify a color in either of these color spaces, a color can be specified by
describing various amounts of RGB or CMYK. A color description could be, for example,
as shown in Table 1.1, R = 10, G = 200, B = 32, on a 0—255 scale, this is a green color,
and C = 23%, M = 6%, Y = 83%, and K = 4%, on a 0-100% scale, this is a yellow color.

In the case of RGB, the pixel instructions may be sent to a display, and the display
implements these instructions, which results in a displayed color, Figure 1.11a. But the

(@ (b)

Figure 1.11 (a) Flat-panel displays are RGB devices as indicated by the magni ed red, green, and blue
screen elements. (b) A printed yer is created with CMYK, indicated by cyan, magenta, yellow and
black ink. From normal viewing distances we do not see the individual RGB or CMYK elements which
fuse to create a continuous image.
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same instructions sent to a different monitor, due to the differences in the display, may
create a slightly different color.

In the case of CMYK, these instructions could be inking levels for an offset printing
process, the printing plate would transfer, for example, the requested amount of ink onto
the paper, Figure 1.11b. But if the same CMYK values were sent to a different printing
process, the system may diligently obey the instructions to deposit exactly the correct
amounts of ink, but obtain a different color due to the different paper, inks, and printing
process it is using. RGB and CMYK are only instructions for a device, and do not provide
a reliable or precise specification of color.

RGB and CMYK are only instructions for a device and while we can guess at the likely
color these instructions will create, the final exact color will depend on the device and its
configuration. So while RGB and CMYK are necessarily in units that the respective RGB
and CMYK devices can readily understand, they are not really a color specification and
are better referred to as instructions for a device. We say that RGB/CMYK are device-
dependent color specifications, as the color created will depend on the device and its
configuration.

It is OK for a user to create a file in RGB or CMYK, but it is not feasible to use RGB
and CMYK when trying to communicate color information across different devices in
an open color managed system.

1.8 CIE1931Yxyand CIE1976L a b

Color specification falls into two main categories: device-dependent color (RGB
and CMYK) and device-independent color (Yxy and L a b ). A device-independent
color system can be used to communicate color information among many different
devices.

The Commission Internationale de I'Eclairage (CIE) defines a number of color sys-
tems that are device-independent, which means that they are based on measurement
of a sample, irrespective of how it was made. The CIE systems can be thought of as a
descriptor or specification of a color. Over the years, the CIE organization has specified
a number of device-independent color systems; the two systems widely used in color
management are the CIE 1931 Yxy and CIE 1976 L a b color spaces, Figure 1.12.

The Yxy system is an older system, approved in 1931, and has a horseshoe shape,
Figure 1.12a. In the Yxy system, a color is specified by its x and y coordinates on a graph
called the chromaticity diagram. In the chromaticity diagram the green color takes up a
large area, compressing blue and red into smaller corners.

TheL a b system specifies a color by its position in a three-dimensional color space,
of which a two-dimensional slice is shown in Figure 1.12b. The coordinate L represents
lightness, a represents the position of the color on a red-green axis, and b represents
the position of the color on a yellow-blue axis. Notice in the L a b diagram, how the
colors are more evenly spaced — the green does not occupy the whole top of the diagram
and the diagram has a more circular shape. In terms of color science, we say the L a b
color space is more “perceptually uniform”

Yxy and L a b are device-independent color models that are not related to any
specific device. CIE systems use an instrument to measure a color and produce a
numericresult. Inthe L a b system we may have, for example three numbers,L a b of
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Figure1.12 (a) The Yxy diagram is horseshoe shaped and has a large area for green colors but
compresses blues and reds. (b) The L a b diagram is much improved and a ords all colors equal
spacing. ICC color managementisbasedonlL a b .

43, 68, 46 for a specific red color. A measuring instrument does not need to know about
the printer that produced the sample, it just measures a printed patch. CIE systems are
standardized and dependable systems, so when a color is specified by one of these sys-
tems it means the same thing to any user anywhere. The CIE color systems are described
in more detail in Chapter 3, Color by Numbers.

1.9 Color Conversions

How does color management work? Under the hood, color management works by relat-
ing RGB input to CMYK output via an L a b interchange. Consider an example of
photographing a red object, opening the image in Photoshop, and printing the image,
Figure 1.13. A simple red patch was photographed with a Nikon D3200 digital camera
and is opened in Photoshop. A digital camera operates in RGB and the image is there-
fore necessarily in RGB. Photoshop’s Info palette indicates that the cursor is on a pixel
with RGB value of 173, 4, 37 (the sample is very red and so has a high R value).

Each camera has its own characteristic response, thus the RGB pixel values would
be different if we used a different Nikon model, or a Canon or Sony camera. Instead of
directly sending the RGB values to the printer, color management works by converting
the device RGB values into device-independent L a b values, as displayed in the Info
palette. The camera RGB values are converted from RGB to L a b , using the camera
profile, in this example the profile is “Adobe RGB (1998)’; as indicated in the lower part
of the figure. The L a b values are an unambiguous description of color and are used
to convey the color requirements to a printer system. In this example, the L a b values
for thisredare L =43,a = 68,andb = 46.

When we print an image, the process is reversed, that is, we specifyan L a b value
and an ICC profile determines the necessary CMYK instructions specific to each printer
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Figure 1.13 ICC-aware applications such as Adobe Photoshop are able to convert RGB pixel values into
Lab.

to produce that color, Figure 1.14. Each printer profile receives the same L a b instruc-
tions (L =43,a = 68,and b = 46) and each profile is used to determine the appro-
priate amount of CMYK inks that will create this color. We see that the same red color
with L a b valueof L =43,a = 68,and b = 46, is created by CMYK instructions
that vary by printer type. This experiment was conducted in the School of Graphic

b CMYK
[ 56, 76, 44, 5
L*a*b* Epson Profile Epson Stylus Pro 4900 Printed
43, 68, 46 image
CMYK
~ 59,70, 34,15
B 2o N
. L Printed
Roland Profile ] . rinte
Roland XR 640 image
A CMYK
e 48,71, 46,8
L 73
Xerox Profile Erinted
image

Xerox 700 Digital Color Press

Figure 1.14 Ared image was sentto di erent printers at Ryerson University.L a b values are
converted into CMYK instructions by each devices ICC pro le, such that each printer creates the same
red color. Source: Epson and Xerox. Image from Roland DGA Corporation, reproduced with permission.
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After a device has been calibrated and characterized, it is time to use the profiles
to acquire, print, or display images. The third C of color management is conversion, a
process in which images are converted from one color space to another using device
profiles. Typically for a camera-to-printer scenario this may mean using a camera profile
and a printer profile. The conversion process typically relies on application software (e.g.
Photoshop), system-level software (e.g. macOS ColorSync), and a color management
module (e.g. Adobe CMM).

The three Cs are hierarchical which means that each process is dependent on the
preceding step. A stable calibration is the foundation of color management, that is, the
device must be consistent and not drift from its original calibration. If the calibration
changes this can shake the whole pyramid as the characterization becomes invalid which
detrimentally affects the results of the conversion.

Nearly every color management process can be described in terms of the three Cs,
therefore it is useful throughout this text to refer to operations in terms of calibration,
characterization, and conversion.

1.11 Profile Types

To implement color management it is necessary to have an ICC profile for each device
in your imaging chain. There are three main ways to obtain a profile for your device.

e Custom profile: Make a custom profile for your device using a measuring instrument,
test chart, and profiling software.

e Generic profile: Use a generic profile as supplied by the vendor, e.g. Epson SureColor
P7000 profile for use with Epson Premium Photo Luster Paper.

e Standard profile: Consider your device to be represented by a standardized condition,
e.g. SRGB or GRACoL or FOGRAS5I.

Users should be aware of the different types of profile available in order to evaluate the
best type of profile for a particular scenario. In general we seek a profile that is easiest
to acquire, yet still delivering the accuracy and quality for the intended purpose.

1.11.1 Custom Profiles

A custom profile refers to a profile that is made specifically for your device and the state it
is in. Creating a custom profile is what most users think of when they refer to “profiling”.
Many discussions in color management circles revolve around the choice of software
and hardware to make custom profiles and the nuances of the differences of a custom
profile from different vendors.

The procedure to make a custom profile is based on the three Cs of color
management — calibration, characterization and conversion. To make a printer profile,
for example, the user calibrates the device, and then characterizes the system by printing
and measuring a test chart, Figure 1.16a. Depending on the device you are profiling (an
RGB printer, a CMYK printer, a multi-color printing process, etc.) there are a range of
test charts to choose from. The IT8.7/4 is a chart with 1617 patches that is commonly
used for profiling a CMYK printing process, Figure 1.16a. Figure 1.16b shows how the
X-Rite i1iO spectrophotometer would be used to measure a test chart in order to create a
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1.17 Benefits of Color Management

GMG ColorProofis a system from Germany that consists of software and output mod-
ules for various printing devices and processes. This product is a proofing and printing
solution that manages color for different output processes. While the system has many
features in common with the ICC system — for example, it usesan L a b framework,
and it uses lookup tables — it operates within its own proprietary ecosystem. It is use-
ful for the reader to be aware that there are a number of “non-ICC” systems that may
be cost-effective in different applications and specific workflow scenarios, such as spot
color management or package printing.

1.17 Benefits of Color Management

Fundamentally color management allows us to match color across different devices and
media, so that a Disney character, or Coke red, matches from printed advertisement to
billboard to supermarket shelf.

ICC color management provides a framework that can be used to communicate
color information throughout the production chain, Figure 1.26. Traditionally jobs have
originated from the photographer or client, have been passed to the designer or lay-
out department and then over the wall to prepress and finally to press. Each depart-
ment works in its own silo and does not communicate color information — upstream or
downstream. Problems occur when a designer, for example, chooses from an enormous
palette of colors, and the press cannot hit those colors.

The ICC framework breaks down barriers allowing all participants to preview and
edit and approve color. This makes sure that the customer is aware of what is, and what
is not possible, there are no surprises and there are no inflated expectations, in other
words, “WYSIWYG” color — what you see is what you get.

Today, efficiency in color communication is further improved through the use of an
agreed ICC profile, such as GRACoL or SWOP or FOGRA. When all parties agree to
design, edit, proof and print to a given profile, the designer can create a soft proof with
this profile, the prepress operator can create a press proof and in the press room, the
colors can be achieved on press. An ICC profile gives us an elegant container in which
to store a device’s color characteristics. An ICC profile is readily accepted in all software
and across all operating systems.

Color management provides a number of efficiencies which save time and money.
Photographers can move away from the trial and error way of working, and in terms
of color, get very close, very quickly. Correct settings for ink limits and black channel
generation in large format inkjet printing can offer savings for ink usage when printing

KT N

Client Design Prepress Press

ICC Profile
]

Figure 1.26 Traditionally, each part of the work ow was rigidly divided. Color management can break
down traditional barriers and allow color information to be shared throughout the production process.
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1.17 Benefits of Color Management

Color management provides a framework for a statistical approach to managing color,
measuring the performance of each device and tracking this on control charts with
warning limits and action limits. Data analysis can evaluate production time vs. down
time, throughput, and provide accurate data to enable equipment “end-of-life” decision
making.

A color-managed system allows you to get the best color from your devices by cali-
brating and maintaining the device, and knowing proper controls and settings. Use of
color management ensures that the device is using its full color gamut and producing
good quality color. Color management provides a way to establish a good baseline and
a way to get back to that baseline should devices drift.

One of the significant advantages of modern color management is that it creates
the ability to buy different products from different vendors and to upgrade or replace
devices with ease and convenience. Color management enables “plug and play” color. It
is easy to add another device, even another type of printing technology — perhaps a laser
device alongside an inkjet proofer. New devices and their software all speak the same
ICClanguage and are all immediately up and running with no more than plugging in and
calibrating.

Color management saves money as it improves productivity with less manual color
adjustments, removes the need for endless iterations, and avoids late detection of costly
mistakes. Color management allows a user to have a methodology to fix color issues,
creates faster turnaround times, and produce work that meets customer expectations
which results in happy and satisfied customers. Customers will have confidence in your
work, trust that you can reproduce color accurately and consistently, be confident that
they will get what they expect, and that any repeat orders will match the color of the
original shipment. A facility that has a correct color implementation has organizational
“color confidence’, which has invaluable monetary value.

Color management is a way of working, a “philosophy’, a systematic approach to
color. In establishing a color managed system, you will be able to bring everyone into
a common color system in terms of their understanding and working methods. You will
need to educate and guide (and sometimes coerce) your customers and your employees,
colleagues and your company’s management.

Today color management is already part of every digital imaging system. On most sys-
tems, every image, icon, desktop, is color managed and can’t be turned off. If you delete
the system ICC profiles on macOS, by dragging them to the trash, for example, they are
immediately replaced. Adobe Photoshop insists on an ICC profile for every image, there
is no such thing as an “untagged” image. Color management is part of every digital imag-
ing system and is difficult to turn off. As color management is already installed, there is
nothing to install or upgrade, it is already there!

Color management does not require a user to write a new rule book or develop any
new processes or procedures. Color management is well established and well docu-
mented, there are products, tutorials, workshops, short courses, and color consultants
to assist and educate the user. The user does not need to re-invent the wheel, we have a
successful ICC color management technology, tried and tested and widely accepted in
every market segment, throughout the world.

After this long list of benefits of color management, one wonders how did I manage
for so long? After implementation of color management most users would never look
back and return to their old way of controlling color.
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A fundamental issue with color imaging is that each device has its own unique charac-
teristics. We would not expect all microwave ovens to need two minutes to cook a bag
of popcorn perfectly — the devices are from different manufacturers, some brand new,
some old, each appliance will need a slightly different cooking time. In the same way, in
digital imaging, it is unrealistic to expect that we can just send the same image data to
different devices and expect the color to match throughout.

In color imaging, in the past, a manual, closed-loop approach was used to manage
color. Today however, with many different sources for images and many different desti-
nations, a more sophisticated approach is needed.

Modern color management systems use profiles to automatically manage color across
a range of input, display and output devices and systems.

Practical color management can be represented by a reference diagram, Figure 1.5 in
which image data is converted into or out of, a central connection space. A number of
operations were described that demonstrate the power and ability of a color manage-
ment system in different capture, prepress and press environments.

This chapter described color management in terms of the three Cs — calibration,
characterization and conversion. Calibration referred to establishing a fixed, measur-
able baseline. Characterization is more commonly known as “profiling” in which a test
chart is printed and measured. Conversion is the application and use of profiles to con-
vert image pixel data in a program such as Photoshop. Importantly it was shown that
the three Cs are hierarchical, and that anything that alters the calibrated state, such as
device drift, can undermine the foundation of the other processes thereby eventually
reducing the accuracy of the color conversion.

Today’s color management is essentially “ICC color management” This chapter pro-
vided an insider’s view to the ICC and its procedures, describing the current versions
of the ICC Specification, and describing the work of the ICC working groups and inter-
national meetings. For the first time we have a system that is accepted and supported
by the whole color and imaging community. This universal color management system
puts enormous power in the hands of the end user and allows functionality that was
inconceivable in older ways of working.

In this chapter we noted that RGB and CMYK are device instructions and not neces-
sarily accurate descriptors of a color. In order to communicate color information across
many different devices and systems, we need a universal way of specifying color that
does not rely on a particular device and the age or condition itisin. YxyandL a b pro-
vide device-independent descriptors of color. L a b is used in the Profile Connection
Space at the heart of a color management system.

Color management is only possible if every device has a profile, so in this chapter,
custom, generic and standard profile types were described. Traditionally most emphasis
has been on making a custom profile, however the trend in recent years has been to move
towards good quality generic and standard profile types.

Color gamut was defined as the range of colors a device can produce. Due to differ-
ences in the physics of the imaging process-additive vs. subtractive color synthesis-RGB
camera and display devices usually have a larger color gamut compared to CMYK print-
ing processes. It was shown that color management cannot eradicate the color changes
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