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Col or Sync 2.0 Overvi ew

ColorSync 2.0 is a second-generation col or nanagenent system from Apple

Conputer, Inc. ColorSync 2.0 will fulfill the prom se of desktop publishing-from
pl ai n- paper office docunents to glossy, high-quality nmagazi nes and books—by
maki ng avail abl e stunni ng, easy-to-use color.

The Evol ution of Col or

Wth the advent of |ow cost color printers and other devices, color has becone
avail able to a nmuch | arger audi ence. However, a key el ement has been m ssing
that prevents col or from becom ng an easy-to-use tool. This missing piece is a
system for automatically ensuring color fidelity between devices. Col orSync 2.0
is the crucial piece of technology that will nmake working with col or easy, fast,
and consistent. This is acconplished by providing an open architecture and a
power ful method for exchangi ng and mat ching col or informati on between input

devi ces, displays, applications, and output devices.

ColorSync 2.0 is designed to renmove the frustration associated with using col or
Di fferent people have different uses for color, ranging froma chart in a
presentation to a gl ossy, six-color annual report. ColorSync 2.0 provides
solutions for many of the different uses of color, while delivering an open
architecture for those who need special tools.



Busi ness and desktop publishing color users will |ove the sinple plug-and-play
nature of Col orSync 2.0. By selecting applications and col or peripherals that
support Col or Sync, such as Apple color displays and printers, they can enable
aut omati ¢ matchi ng of colors between the screen and the printer. ColorSync 2.0
renoves the guesswork involved in using color

Col orSync 2.0 provides powerful tools that are essential in the comercial
publ i shing and prepress narkets. Hi gh-end users, such as service bureaus, trade
shops, and printers, require color solutions that produce the npbst accurate
color reproduction while still supporting existing tools and work fl ows.

Col orSync 2.0 provides one of the fastest, nobst accurate col or-nmatchi ng systens
avai | abl e on any personal conputer systemtoday. And it's an open system
allowing third-party tools to extend its capabilities.

Finally, ColorSync 2.0 offers substantial benefits for devel opers. Now there's a
standard architecture and profile format for col or matching on the desktop that
delivers the solution that users have asked for. No nore decisions about which
applications programing interface (APlI) and profile format to use, or tine
wasted witing customroutines. The Col orSync 2.0 APl provides the nost powerful
"pl unbi ng" for col or nmanagenent.

Features of Col orSync 2.0

ColorSync 2.0 is nore than a sinple followup to ColorSync 1.0. It has been
redesi gned based on feedback from custoners, devel opers, and industry experts.
VWil e Apple has retained the sinplicity of Col orSync, fundanmental changes have
been nade to inprove its architecture and performance. Sone of the inprovenents
ColorSync 2.0 has to offer are:

e Higher quality, higher performance transformation engi ne

Col orSync 2.0 provides a default col or-matching nethod (CMM), which transfornms
color information between docunents. This CVM was

devel oped in conjunction with one of the world' s | eadi ng manufacturers

of prepress hardware and software. It provides excellent quality and
performance, as well as conpatibility with CvwWs from ot her conpani es.

 Expanded, conpatible architecture

The Col orSync 2.0 architecture has been expanded to support a w der array of
functions, as well as third-party products, such as alternate CM.

e ICC profile conmpatibility

Col or Sync 2.0 supports profiles which conformto the International Col or
Consortium (1 CC) profile specification including ColorSync 2.0 profiles. The ICC
profile format is an industry standard, allow ng the sane device profiles to be
used across nmultiple platforns. In addition, these profiles contain nore

i nformati on than Col orSync 1.0 profiles, enabling higher quality col or-natching
results.



» Support for PostScript Level 2 devices

The Apple LaserWiter 8.3 driver supports ColorSync 2.0 for printing to color
Post Scri pt devices. This allows all devices with I CC conpatible profiles to work
wi th Col or Sync 2.0.

 Support for nore than four-col or devices

Col orSync 2.0 adds support for devices and processes that use nore than the four
process colors, such as H -Fi color printing. This is extrenely powerful for
prepress users who often have five- and six-col or jobs. Support for nore than

t hree-col or i nput devices has al so been added, allowing for up to eight colors
on input and out put.

e Increased perfornmance

ColorSync 2.0 is PowerPC native and provi des excellent throughput, especially on
Power Maci ntosh machines. Prelininary benchmarks show that Col or Sync 2.0,
runni ng on a Power Macintosh 8100/80, can transforma 4-inch x 5-inch inage at
300 dots per inch (approximately 5.5 nmegabytes in size) fromone color space to
another in approximately 5 seconds, nore than five times faster than Col or Sync
1.0.

* Increased application support

Most of the top publishing applications will offer support for Col orSync 2.0,
providing users with a conplete solution fromstart to finish. Every day, nore
devel opers are choosing to support Col orSync 2.0.

Har dwar e and System Requi renents

ColorSync 2.0 is systemlevel software, so no special hardware is necessary.
However, Col or Sync does require certain baseline hardware and software
configurations to performproperly. ColorSync 2.0 is fat binary; it supports
bot h 68000-fani |y and Power PC processors.

M ni mum r equi r enent s:

« A 68020 or |ater processor, or

* A PowerPC 601 or |ater processor

e System 7.1 or later

* A hard disk drive

e Asystemwith a mninumof 5 nmegabytes of RAM

e Color display with 8-bit or higher col or support

e ColorSync 2.0 (or 1CC conpatible) profiles for installed peripherals

e A supporting printer driver, such as the Apple LaserWiter 8.3 version driver

Conpatibility

ColorSync 2.0 is backward-conpatible with Col orSync 1.0. This neans that any
application, driver, or CMthat inplenents ColorSync 1.0 will function normally



with ColorSync 2.0 installed. In addition, ColorSync 2.0 supports the
International Color Consortium (ICC) profile standard. This ensures that devices
with ICC profiles are conpatible with Col or Sync 2.0.

Qui ckDraw GX versions 1.1 and later integrate Col orSync 2.0 for col or-matching
functions. Users of QuickDraw GX have the added benefit of accurate col or
mat chi ng.

ColorSync 2.0 will be available with several Apple products, including
peri pherals, conputers, and system software updates. Look for the Col or Sync | ogo
on popul ar applications and peri pheral s.

As it has done with other systemextensions in the past, Apple will offer
devel opers the option of licensing ColorSync 2.0 for applications they are
devel opi ng that may benefit from Col or Sync 2.0.

Wiy |'s Col or Managenment Needed?

Wiy don't the colors on the display match the colors that cone out of the
printer? How cone digital proofs |look different fromfilm proofs? There are nmany
reasons, based in conplex color science, why the appearance of a color image is
difficult to predict. In nmany ways, conmunication in color has problens simlar
to those with communication in | anguages. Each device is |like a person, speaking
his or her own | anguage. When one device that speaks French attenpts to

conmuni cate wi th anot her device that speaks Japanese, there is a breakdown, and
the message isn't conmuni cated. What's needed is an interpreter that is capable
of interpreting the | anguage as well as the dialect, to ensure that the nessage
i s properly comuni cat ed.

There are two basic concepts to understand when working with color. The first is
how devi ces reproduce col or, and the second is how desktop devi ces communi cate
in color.

Each device that is capable of reproducing color has a range of colors that it
can accurately reproduce, better known as the ganmut. Each type of device, such
as a display or printer, has a unique ganut. A device's gamut is a subset of a

| arger standard area of color, known as a color space. D fferent types of
devices work in different col or spaces. For exanple, displays work in a

di fferent color space than do printers. It is inmportant to understand the inpact
that gamuts and col or spaces have on col or reproduction and the types of work
that are being produced on the desktop. This is easily illustrated by a faniliar
problem The colors selected on a display may be nuch brighter and nore
saturated than the color that cones out of the printer. The reason for this my
be that the color selected on the display is in ganut for the display, but is
not in gamut for the printer. The ganuts of desktop devices, such as displays
and printers, are relatively small when conpared with the visible spectrum of
[ight.

The second problemexists in the nethod that desktop devices comrunicate with
each other. Before the evolution of desktop publishing, special-purpose,
conput er - based systens were used for many of the tasks involved in col or
publ i shing. These were known as color electronic publishing systens, or CEPS.



CEPS of fered many benefits over the traditional processes of color printing,
such as inproved quality and accuracy, and a conplete solution froma single
vendor. However, they required an enornous investnment in equipnment and training,
as well as functionality Iimted to a single task for each conputer. These
factors limted the wi despread use of color, leaving it in the control of
experts.

The desktop publishing revolution delivered tools that reduced the conplexity
and cost of publishing. And a single desktop conputer could performa w de
variety of tasks. Today color is used nore widely than ever before. Quality
col or devices, such as color printers and scanners that were previously
extremely expensive, now cost |ess than $500.

Suddenly the tools for the in-house creation of color docurments quickly becane
avai | abl e and easy to use. However, a new set of problens reduced their power
and effectiveness. Wth these new tools canme incredible creative power,

provi ding designers and artists with the ability to electronically manipul ate
col or data thenselves. However, in practice these tools required an unrealistic
[ evel of training and expertise due to the inherent conplexity of color. So
while color seemed within reach, it was in fact still as far away as ever. |If
high-quality color was to reach the nasses, either the user's know edge about
color had to increase or the tools had to incorporate this know edge.

Devi ce- Dependent Col or

Wiy is color so conplex? As discussed before, each col or device has a range of
colors that it can accurately reproduce. The problem occurs when a col or that
was specified on one device is reproduced on a different device. This is a
conmon occurrence when working with color on the desktop. A color is selected
based upon what it |ooks |like on the screen, such as a deep, rich blue. The
color that appears on the printer, however, is nmuch |less saturated than the
color that was specified on the display. The ganuts of the two devices are
different, and no translation has occurred between the two. Color in this case
i s devi ce dependent—t he desired appearance of col or depends on its being
reproduced on a particul ar device.

Many of the new software and peripherals that becane col or-aware were

manuf actured by different conpanies. So it was comon to have a scanner

di splay, and printer fromthree different manufacturers, as well as image
mani pul ati on and page | ayout software fromdifferent software vendors. But none
of these devices comunicated in the same | anguage of color. The tools and power
of CEPS were now avail able to anybody for a fraction of the cost. But the
continuity that brought the entire systemtogether, the solution that a CEPS
provi ded, was m ssing. How could these el enments be enabl ed to work together?

In addition, the users of desktop systens, the graphic artists and designers,

| acked the col or expertise that prepress experts had accunul ated. The tools they
used were not equi pped with the understandi ng of how col or was delivered to

di fferent devices, so they failed to deliver a conprehensive solution. The col or
expert needed to becone an integral part of the system



The Col or Managenent Wave

The col or spaces typically used by devices are made up of the additive or
subtractive primary colors. The additive colors, red, green, and blue (comonly
referred to as RGB), are used by all color displays and many scanners. The
subtractive primaries, cyan, magenta, and yellow, with the addition of blackl
(commonly referred to as CWK or process colors), nmake up the col or space used
by out put devices, as well as sone scanners. The two col or spaces al so have nmany
areas that do not overl ap

Usi ng col or science, Apple devel oped a nethodol ogy to address the probl em of

devi ce- dependent color. The fundanmental solution was to create

devi ce-i ndependent color, or colors that are not dependent on any particul ar
device. The idea is to use color spaces that represent the entire range of
visible colors as translation spaces. This means that any color that is selected
on a display is in the ganut of this neutral color space. In 1931, the CIE
(Commi ssion Internationale d' Eclirage) established standards for a series of
col or spaces that represented the visible spectrum-60 years before the arriva

of desktop col or!

The CIE col or spaces formthe foundati on of device-independent color for color
managenment. Many of these spaces, such as CIE XYZ and CIE Lab, are widely used
i n desktop col or managenent systens today. These col or spaces, along with
several other pieces that will be described in the follow ng sections, together
forma system for managi ng and nat chi ng col ors.

Devi ce Characterization, Device Calibration, and Gamut Mappi ng

In order to accurately render colors fromone device's color space to another
some resource nust exist that describes each device's color capabilities.
Today's systens use profiles. Profiles are basically dictionaries that contain
data on a specific device's color information, including its gamut, colorants,
and nodes of operation. These profiles are created by col or scientists working
with highly sensitive nmeasuring devices called spectrophotoneters. The resulting
nmeasurenents are input to a custom software package that uses several conplex
algorithnms, the result of which is a profile. This process, known as device
characterization, nust be repeated to refine the profile until quality results
are gener at ed.

It is inportant to recognize that a device profile represents that device in its
factory condition. In reality, devices of the same type will deviate, resulting
in inconsistencies, and may require device calibration. This process is nmuch
simpl er than device characterization, and should be performed on a regul ar basis
to ensure accuracy.

The profiles are then used by a color transformation engine, or a color matching
method (CMM). The CMM transl ates data from one device's colors to another, via
an i ndependent col or space. The CWMreceives the necessary information fromthe
profiles, so that it can accurately transforma color fromone device to
another. The result is color that is consistent fromdevice to device. It is not
possi bl e to have perfect col or nmatches between devices due to differences in



each device's gamut. For exanple, many of the deep, saturated blues and greens
t hat appear on a display cannot be reproduced by printers using the CWK ink
set.

In this instance, the CVMM nust perform ganut nmapping, a process by which the
next cl osest reproducible color is selected. Mdst matching systens offer several
gamut - mappi ng net hods, or rendering styles. Because the use of color varies from
busi ness graphi cs to photographic reproduction, the rendering intent of a color
nust be specified to produce the best possible results.

In the late 1980s, a number of |eading col or technol ogy conpani es devel oped
systems for col or desktop publishing applications. These were commonly known as
col or managenent systens, or CMss. The first CMVSs promised to solve the probl em
of unmat ched col ors across desktop col or devices. These pioneers took the first
steps in creating a solution. However, these systens | acked key features, which
resulted in poor acceptance by users.

One of the fundanmental problens that prevented w despread adoption of early
col or managenent systens was the fact that each was inplenented using a
different architecture. In order to performcolor-nmatching functions, an
application nanufacturer would have to sel ect one systemand then nake specific
calls to it. However, because there was no comon col or managenent franmework for
applications to use, each application had to use a unique system wth no
conpatibility between profiles and no consi stency anong the results.

Because no single systemwas w dely adopted, all of the systens failed to
provide a satisfactory solution. Froma user's perspective, there was no

guar antee that peripherals and applications would all work together to provide a
conplete work flow with consistent results. And because each system was
proprietary, users couldn't exchange files, like profiles, with users of

di fferent systens.

These early CVMBs prinmarily addressed only the prepress market. In fact, they
provi ded high-end tools that were very simlar to the CEPS systens, but ran on

t he desktop. They didn't intend to provide a solution for |ess experienced users
of color, such as graphic artists and designers or business users. So col or
still required expertise and continued to be difficult to use.

New and | nmproved Col or Sync

To address nmany of the issues surrounding color use, Apple Conputer introduced
ColorSync 1.0 in 1993. The goal of Col orSync was to provide a conmnon
architecture for col or-managenent systens. ColorSync 1.0 was an inportant first
step toward a solution, but it did not conpletely neet customer needs in certain
key areas. The APl |acked the necessary prepress functionality for high-end
users. The profile format was structured in such a way that it did not contain
enough data for higher quality transformations. These elenments resulted in
sonmewhat |imted devel oper adoption. Wthout w despread application and driver
support, there were limted vehicles to use ColorSync 1.0. Based on input from
end-users and devel opers, Apple returned to the drawi ng board to redesign

Col orSync. The result is a greatly refined solution, ColorSync 2.0.



Begi n_Tabl e

Di fferences Between Col orSync 1.0 and 2.0

Col orSync 1.0 Col orSync 2.0
Profiles: ColorSync 1.0 Appl e Supplied
Col or Sync 2.0 or
third-party | CC
conpati ble profiles

Power PC Nati ve: Yes* Yes
Channel Limt: Up to 4 Up to 8
CMMVE: Col orSync 1.0 Col or Sync 2.0 Default
Def aul t CVM CW and
third-party
CMVs
LaserWiter Driver Support: None Appl e LaserWiter 8.3
End_Tabl e

* Note: ColorSync 1.0.5 is PowerPC native.
ColorSync 2.0 greatly inproves on the three key el enents of Col or Sync: the

Col orSync APl, the Apple Default CMM and Col orSync 2.0 (or | CC-conpati bl e)
profiles.
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