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T
he introduction of six-color inkjet
printers in 1998 demonstrated that
high-quality color photographs
could be produced using inexpen-
sive printers on a desktop. As many
early users found, however, it was
still difficult to obtain reliable

reproduction of colors: sometimes the color
shown on the monitor did not match the color
printed, and it was not always possible to accurate-
ly reproduce the colors in an original photograph.
During the last year, software and hardware have
gotten simple enough, and cheap enough, to solve
these problems to a standard that will now satisfy
most users. Although still not widespread, such
technologies are increasingly being used by profes-
sional photographers and sophisticated digital
amateurs.

Photographic labs and commercial printers use
spectrophotometers and “color management” soft-
ware costing tens of thousands of dollars. Recently
such methods have been brought within the reach
of the consumer: examples are technologies such
as Apple’s ColorSync software and new calibration
programs that use ordinary flatbed scanners to
measure colors in printed test charts. ColorSync
itself was first introduced as part of Apple’s oper-
ating system as early as 1993 but there were few
software packages that initially supported it and
ordinary computer users found it hard to imple-
ment on their own. ColorSync allows the comput-
er’s operating system to convert data from one
monitor or printer to another with consistent
results. The calibration programs––which might
better be termed characterization programs––cal-
culate a “profile” that describes the color values
that a device records or outputs in response to
digital data. Using these profiles, ColorSync trans-
forms the image file whenever necessary to give
consistent color wherever it is viewed or printed.
The system works well enough for most users.

This article will focus on the digital color man-
agement needs of one specific type of user: the
individual digital photographer printing on his or
her own desktop printer. Such a user might be
working, for example, to create digital files of reliable
color to hand off to a commercial printer of magazines,
books, brochures or advertising. The basic science
behind color management, the technologies that make
it possible and the practical considerations implicit in
the creation of a desktop digital darkroom will all be
explored.

Although much of the software now available in the
field of color management was developed for ColorSync
on the Apple Macintosh platform, most of it is also
available for use on Windows platforms using the
Microsoft program, Image Color Management (ICM).

The desktop digital darkroom
Desktop printing of color photographs got its real start

in 1998, when Seiko Epson Corp. introduced inkjet
printers that used six colors of ink. The industry stan-
dard up to that time had been four colors––three colors
plus black—still the norm for the majority of today’s
inkjet printers. The additional colors produced by
Epson’s “photographic printers” were just light and dark
versions of cyan and magenta, two of the standard col-
ors, but they served to extend the tone and color gamut
to photographic limits. The Epson Stylus Photo 700 was
the first desktop six-color printer to yield printing reso-
lution of 1420 dots per inch (dpi). With print dots
almost too small to see, and clever “dithered” halftoning
patterns that looked random and seemed to disappear,
this was the first desktop printer to make prints with the
color, resolution and detail of ordinary photographs.
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These popular printers sold for much the same price as
other, competing inkjet printers.

Other multiple-color desktop printers have appeared
since 1998. Canon Computer Systems Inc. has intro-
duced its own six-color inkjet printer. ColorSpan Corp.
makes a big inkjet printer with twelve colors of ink for
printing billboard-size photographs. Hewlett Packard
sells photo-quality desktop printers based on a different

approach: smaller dots (with resolution of 1200 � 2400
dpi), combined with a layering of four specially formu-
lated inks.

In May 2000, Epson announced new inkjet inks con-
sisting of particles of pigment encapsulated in a clear
polymer coating. The glossy pigment particles are
reputed to produce a photographic appearance, to be
more resistant to fading than the dyes used previously
and to yield almost as large a color gamut as dye inks.
Epson claims color photographs produced with these
inks will last 200 years in ordinary light with no visible
fading.
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Printing in color
Epson’s first printers used color management software
such as ColorSync when connected to Apple computers,
but not all customers had their systems calibrated to
exploit the full capabilities of the new technology. In
these cases, the colors of the print did not always match
those that appeared on the monitor. In any case, users
with dedicated printers could sometimes improve colors
by trial and error, using programs like Adobe Photo-
Shop to pre-adjust tone and color.

But this type of manual correction—without the help
of ColorSync— is generally imprecise and frustrating:
the user holds a test print next to a monitor (which may
itself not look like either the desired image or the print)
and then nudges the color in a better direction for
another test print. What’s more, correcting a mid-tone
color in this way does not guarantee good reproduction
of darker or lighter shades of the same color. This is
because each color channel may require different degrees
of correction at different brightness levels. In effect, the
monitor, the printer––or both––may have a different
contrast and even a non-linear response for each of its
red, green and blue channels.

Color management technologies like ColorSync and
ICM are designed to handle the complex task of com-
pensating these multi-dimensional transformations of
color data so that every device in a production chain
gives either the same output color or at least the best
match possible, given its capabilities. There are two pre-
requisites to achieving this result: an agreed standard for
the numerical coding of colors as we see them, and per-
formance data on individual color devices to allow the
software to compensate for any shortcomings. We will
see later how these goals are met.

In search of “transportable” colors
Even when a good image is successfully printed with
one of the new inkjet printers, problems may arise when
users try to print the same image on a color laser printer
or when they send the file for output as a slide to a ser-
vice bureau. Images may come back alarmingly trans-
formed in color and tone. Image files transmitted by e-
mail to another user may display differently on the
recipient’s monitor.

How have commercial printers managed the prob-
lems of exchanging images in digital data formats? For
the most part, largely by avoiding them. Until recently,
color printers typically prepared all the photographs for
a publication themselves, scanning color transparencies
on their own scanner and taking the digital file through
their own “closed loop” system to the printing press.
Technologies like ColorSync were used only for a fixed
input and output, or in other words to “move” an image
from a specific drum scanner to a specific printing press.
Digital images from outside sources, like digital cameras
or scanned slides, did not always meet in-house stan-
dards. In the absence of agreed industry standards for
the numerical representation of colors, exchanging digi-
tal images remains to some extent an unreliable process.

Every print shop can, in effect, have its own numerical
standard for representing a perceivable color; in this
case, there is no way to translate between them—and
ultimately no need to, so long as everything is kept in
house. There are still printshops that insist on doing
their own scanning from original slides. ColorSync is
often described as an “open” color management system
because it allows digital images to arrive from different
sources and to be output in different forms.

Monitoring the image
The first step in setting up ColorSync on a workstation
is to characterize, or measure, the monitor, and to set
applications such as PhotoShop so they use the resulting
monitor “profile” to display the most accurate colors.

One of ColorSync’s most important jobs is to manage
the limited color gamut of a real color monitor so it can
best reproduce the total range of colors perceivable by
the eye. Any human-perceivable color can be numerical-
ly represented as a coordinate point within the so-called
CIE color space (named after the Commission Interna-
tionale de l’Éclairage, which adopted the “standard
observer” human-eye response curves that defined the
space in 1931). This space is ultimately bound by the red,
green and blue sensitivities of the human retinal cones.
Colors near the “edges” of this space are the narrow-
band, pure spectral colors, the most difficult to repro-
duce. A typical computer monitor, for example, can only
display colors within a smaller space, a triangle bound by
the purity of its red, green and blue phosphors.

Colors that lie beyond the monitor’s gamut can be
dealt with in different ways, determined by the user. For
corporate logos and graphics, colors can be displayed
directly in absolute terms. But any “out of range colors”
get “clipped”—or reduced to the same value. For pho-
tographs it is better to elastically squeeze the whole per-
ceivable color space of the image into the smaller space
of the monitor, preserving relative differences between
colors and maintaining photographic realism.

The universal language of color 
A computer monitor’s profile is a kind of matrix of con-
version factors that ColorSync and ICM use to put the
“true” color coordinates of an image pixel into the best
perceivable color within the monitor’s smaller space. At
the same time, both programs will apply contrast and
non-linear tonal adjustments. At least in principle, Col-
orSync defines the CIE space as the ultimate visual ref-
erence, and image data is stored either in CIE coordi-
nates or in a form that can be traced to CIE coordinates.
CIE space is intended to act as a universal exchange
space for color data, through which pass all translations
from one device’s small-gamut space to another. This is
distinguished from the simplest approach to color man-
agement––used by printers in many “closed loop” color
management systems––of transforming between the
two specific color spaces of a given input scanner and a
given output printer. ColorSync’s use of an independent
or “abstract” color space, particularly the CIE space,
provides a universal color coding so that color data can
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be stored independently of any device, and so that the
devices themselves can be characterized separately, with-
out reference to any other device.

Working color spaces
In practice, however, CIE coordinates are not used in
most digital images to encode colors. Why? Partly
because there are not enough bits of data in the typical
file format. A standard 24-bit color image, capable of
coding millions of colors, has separate color channels
that contain only eight bits of information each, or 256
levels—not enough to ensure smooth transitions in
image color without visible “steps”—over the whole of
the CIE space. Perceivable color steps take place quickly
in certain parts of the CIE space in relation to numerical
coordinate changes. The file format must contain
enough bits, or levels, to give smooth transitions in
these most sensitive areas.

Luckily, the full CIE space is large enough, larger than
current image sensors, display or printing devices can
record or display. And the human eye can be satisfied
with a color space smaller than the full CIE, on condi-
tion there is nothing to compare it with. So smaller
“working color spaces,” with color gamuts narrower than
the full CIE space but wider than most color devices can
now process, have been designated by industry standards
committees and by individual vendors such as Adobe or
Kodak. Although applications like PhotoShop can be set
to work in CIE space, they are more commonly set to
operate in smaller working spaces. A common working
space for photography is AdobeRGB; ColorSync
exchanges data from input and output devices through
AdobeRGB. In practice, this is almost as effective as
exchanging through the full CIE space, and it saves bits
in the file size, so avoiding “posterization,” or in other
words the situation in which areas that should show
smooth transitions in color are instead divided up into
steps of noticeably different color.

It can be confusing for ordinary computer users to
have to worry about which working space was used to
code an image and how to adapt it to their own pre-
ferred working space if it differs. In programs like Pho-
toShop, these adjustment settings are buried within the
menus and dialog boxes. As a simpler solution, a color
space called sRGB has been promoted by a number of
companies, including Hewlett Packard and Microsoft, as
a “default color space” that corresponds approximately
to the natural color space of an “average” computer
monitor, not as wide as some photographic quality
devices. The idea behind sRGB is to enable the user to
set all of his or her devices to run by default in the same
color space, simplifying or eliminating the need for
individual settings. Photographers and high-end color
printers complain that sRGB is a “lowest common
denominator” color space, and it is not favored for qual-
ity color reproduction work. AdobeRGB has a wider col-
or gamut; for professional photographers, Kodak rec-
ommends its even larger Reference Output Medium
Metric RGB color space.

Different kinds of profile
The International Color Consortium (ICC) was estab-
lished in 1993 by eight industry vendors to create, pro-
mote and encourage standardized, open, vendor-neu-
tral, cross-platform color management system
architecture and components. Apple’s ColorSync and
Microsoft’s Image Color Management (ICM) both use
ICC device profiles, independent digital files that are
measured from a device, using a special software pack-
age and instrument. The Epson printers ship with pre-
measured profiles, which can give excellent results.
There are separate types of ICC profiles to characterize
the color response of individual input devices, like digi-
tal cameras and scanners, and output devices, like mon-
itors and printers. Because the working space of refer-
ence for a particular image may be smaller than full CIE
space, another ICC profile has been developed to define
working color spaces like AdobeRGB. These color space
profiles can be embedded in a file along with the image
data so that different color programs can interpret the
file.

Case in point: profiling a monitor
Monitors, like most color devices and the human eye,
are inherently non-linear in their response to input sig-
nals. Standardizing colors from monitor to monitor
requires compensation of red, green and blue values
across the whole range of intensities, and doing so pre-
supposes knowledge of each monitor’s particular
response curve. Software packages that measure a moni-
tor’s ICC profile typically work with an external sensor,
attached to the center of the screen, which takes read-
ings of monitor luminance for 10 different intensities of
red, green and blue test patches, as well as for 10 points
in a white patch. The slope of this curve is the contrast,
which is different for red, green and blue channels, and
varies from monitor to monitor.

When the profile is employed, the ColorSync or ICM
software tries to compensate the signals going to the
monitor so the image displayed conforms to some com-
mon reference standard. For the Macintosh this is usu-
ally a contrast of 1.8; for Windows-based computers the
level of contrast is usually 2.2. The level of contrast is
always greater than one because the human system is
itself non-linear, and a 1.0 monitor response looks
muddy.

The profiling process also sets the color temperature
of the “white” the monitor displays, which can be any-
where from 4000˚K to 9500˚K and largely depends on
the individual user’s preference; often the number cho-
sen corresponds to the color temperature of the lighting
used to assess a final print.

When a monitor has been profiled, the user can
check the colors in an image and even change the colors
consistently. But, as we shall see, a different kind of
“profiling” is required to compensate for variations in
scanners and printers.

Profiling by package
After installing ColorSync or ICM and calibrating the
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monitor so that it displays the most accurate color
image possible, these software packages allow users to
create a profile for a flatbed scanner and inkjet printer
attached to the main computer. The choice of a scanner
as the input device rather than, say, a digital camera, is
partly because digital cameras are harder to profile (see
below) and partly because until recently most pho-
tographs entered the digital realm after being scanned as
conventional prints or slides.

The new low-end software packages make profiles for
a scanner and printer at the same time, in an elegant
series of interdependent calculations. Monaco Systems
Inc. of Andover, Massachusetts sold 30,000 licenses for its
simplified profiling software package EZColor in 1999.
That number includes copies bundled with some scan-
ners and printers; the package costs about $500 as a
stand-alone product with a recommended monitor col-
orimeter. Newer entries are “WiziWYG” from Praxisoft

LLC of Sterling, Virginia, and a series of Photoshop plug-
ins developed by Horses LLC of New York City. These
packages create ICC profiles for a monitor, for a scanner
and for an inkjet color printer; they are available for Win-
dows and Macintosh systems. According to Jonathan
Zsittnik, sales manager at Monaco, professional photog-
raphers who are just entering the realm of digital imaging
and need to introduce color management to their studios
constitute the biggest market for these packages.

These packages make profiling semi-automatic: a
“wizard” interface guides each step. For the monitor, the
user chooses a white point temperature and contrast,
attaches the colorimeter to the screen and then lets the
software measure a series of color patches it generates in
the center. The software automatically calculates and
stores the monitor’s profile in the System folder and sets
the computer to use that profile in displaying images.
Some of the packages introduced during the last year
can also calculate a simple profile of the monitor with-

out a sensor, based on a user-guided
compensation of colors at a single
mid-tone monitor intensity. To get
measurements at 10 or more different
points on each color’s response curve,
however, a sensor is still needed.
The scanner/printer characterization

must be carried out with the devices
in their “raw state,” that is, with any
“auto-improvements” of image and
color turned off. This is because the
software algorithms that calculate the
profiles need access to the original
“unprofiled” data. Once the profiles
are calculated, ColorSync or ICM will
override the auto-improvement
options, giving a better, or at least a
more accurate, result.
Profiling a printer with EZColor

begins with the software printing a
color test chart on the bottom half of
a white sheet of paper using the inkjet
printer being profiled. Paper, inks and

print settings must be the same as will be used for all
future prints with this profile. After the page dries, the
user tapes a special photographic reference print (sup-
plied in the package) across the top half of the page.
This reference print is a Kodak IT8 color target, a 5" �
7" color photographic print on professional Kodak
paper, with a grid of colored and grayscale squares (a
transparency version is also available to characterize
slide scanners). The software already has data on spec-
trophotometer measurements for this Kodak-supplied
color target.

The printed page with target attached is then
scanned together in a single operation. The user is guid-
ed to mouse-click the scanned image with cropping
marks so the software can automatically measure it.
Data for the Kodak target is compared with the data
measured by the scanner. EZColor calculates the ICC
profile for the scanner and then uses that to work out
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the ICC profile for the printer.
These simple profile packages make a virtue out of

the necessity of using a scanner to measure printed col-
or patches. High-end packages, designed for use with
spectrophotometers with 10 or 20 nanometer band-
widths, require the user to measure the spectrum of
each color test patch one at a time. To ease the burden,

companies such as Gre-
tagMacbeth AG, of
Regensdorf, Switzerland,
and X-rite Corp. of
Granville, Michigan,
make spectrophotometers
with a flat bed holding
the chart and a moving
“bridge” that carries the
spectrophotometer to
each color patch; the
process, however, is still
time consuming. Low-
end packages give such
good results with so
much less time and effort
that it is tempting to use
them for daily profiling
needs, according to C.
David Tobie, a color-
management consultant

based in Readfield, Maine. The Horses profiling package
even works without the separate reference target, which
significantly streamlines the process.

Once the scanner profile is measured, the user sets
up the scanning software to automatically convert new
images to the specific working space being used. Saving
the image at this stage will embed the profile of the
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S oftware that makes ICC profiles for digital cam-
eras is among the most difficult to program
and the most expensive. The low-end packages

do not provide for digital cameras. The principles are
similar to those for monitors, scanners and printers:
the input color gamut of a digital camera may be lim-
ited by the sensitivity of its red, green and blue sen-
sors and that gamut will have to be re-mapped into a
working color space. And, as is the case with a moni-
tor, “response” curves for each color must be char-
acterized so they may be compensated. 

For a digital camera, however, the color tempera-
ture of the illuminating light affects the “profile” of the
camera in any given photograph. Digital cameras for
consumer use generally make some sort of automatic
adjustment for “white point” using image algorithms
that seek to infer the color of the ambient lighting. But
such corrections introduce another kind of color man-
agement that may give different results than a Color-
Sync-type process. In practice, most digital camera
files get transferred to a computer with data in an
unknown color space. Visual evaluation with a properly
profiled monitor may be the only check, with appropri-
ate correction to suit the individual’s judgement.

Kodak’s digital camera software, at the high
end, allows a new profile to be created for every

studio shot. A simplified “mondrian” of test-color
patches is placed in the scene as a test shot for an
on-the-spot calculation of an ICC profile, customized
for that camera in that particular lighting scene.
This year, the company introduced an application
called “Capture Studio,” which per forms color
matching and various other image adjustments.
Professional studios that take routine product
“pack shots” for printed color catalogues may have
as many as eight studios set up with lighting and
digital cameras appropriate to dif ferent product
types, such as jewelry or furniture, according to
Nicki Solomon, principal applications engineer for
Eastman Kodak’s Commercial Imaging division in
Lowell, Massachusetts. Each studio, each
camera/lighting combination, must be separately
profiled. Every studio/camera receives its own ICC
input profile—effectively fingerprinting that camera
and lighting set up—which is automatically embed-
ded with the resulting file. Such a workflow main-
tains quality and speeds the images through to
placement in newsprint color catalogues.

The market may one day see the introduction of
digital cameras with the facility for measuring their
own ICC profile for each shot, perhaps with a chart
of test patches placed in the scene. Stay tuned.

Digital camera profiles

Figure x. Please add caption.



working space with the image data.
Using a printer profile can be as simple as selecting it

in a dialog box in the printer driver. Compensations will
then be applied to the data as it is sent to the printer,
generating the best possible image colors.

In conclusion
Color management on the desktop computer is still a
work in progress. In the world of commercial printing,
professional color management workflows can be very
complex, with special software for fine-tuning profiles
and making “soft proofs,” or in other words monitor
images or inkjet prints that mimic the effect of, for
example, a color newspaper printing press. When a user
buys one of the low-end profiling packages he or she is
also getting the benefit of a model workflow supplied by
the vendor and tailored to the needs of a desktop digital
darkroom. The manuals to these programs walk users
through the various system settings needed to get them
working.

In the short term, work to simplify color manage-
ment is being carried out. Apple sells a 21" ColorSync
color monitor which re-characterizes itself by running a
series of test patches on the screen and monitoring the
resulting phosphor currents. The monitor’s special soft-
ware infers the screen output from tables of phosphor
output as a function of current, compensated for aging.
It then calculates a new profile. If a similar level of inge-
nuity could be incorporated into other color devices, it
would simplify the user’s problems considerably.

In the longer term, higher bit-rate image file formats
may one day allow color to be specified directly in terms
of CIE coordinates, saving the complications of choos-
ing and translating between working spaces. And display
devices with highly monochromatic light sources such
as lasers will allow computer monitors to fully match
the color gamut of color films.

In the meantime, color management for a desktop
digital darkroom is now a workable proposition and
gives good results, so long as the user is prepared to go
through the rigors of setting it up. When you do, “color
management works really, really well,” according to
Michael Kieran, of DPA Communications Inc., an
expert in the field, who spoke at the Seybold 2000 pub-
lishing conference in Boston. (AQ: Michael, dates of this
conference, please.)

Michael Wenyon is a professional science writer, based in Boston. 
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