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Abstract whether the printer and media can simulate the aspects of

the final print that need to be simulated on the proof and

In preparing data and samples for subsequent printyhether the color management system can produce the
accurate color reproduction has traditionally been amongolor accuracy necessary for the proof. It should be noted
the most complex tasks involved. Subsequently, operatoedso that acceptance of this form of proof will also need to
focussed control processes (like proofing) for reproductiomvercome the obstacle of non-familiarity to designers,

on color and its accuracy. With the advent of colorprinters, and customers. However, there is already some
management, color accuracy and color reproducibilityprecedent for proofing on digital printers within closed
through the process have undergone significanteproduction systems and it is becoming even more

improvement. With that - at least potentially - the focus ofcommon with the adoption of direct-to-plate technology.

proofing can undergo changes again from highlighting color ~ There are a number of practical reasons for which this
reproducibility to system simulation. sort of proofing system would be desirable. The most
As color management, low-end color devices, andbvious is low hardware cost, which, in turn, leads to low
digital networking tools become more available, questionproof cost. Turnaround time for proofing printers that are

like the following arise: already properly profiled would be short. Also, the fact that

1. Which devices are able to proof which other devicesthe proofing engine is inexpensive opens up the possibility
behavior? of having many of them. The plurality of proofing engines

2. Is color the only characteristic for which simulation iscould be run in parallel, different media could be loaded
required and why is simulation required? into different printers, or the proofing engines could be

3. If more than color simulation is required, what conveniently geographically located.
hierarchy of importance can be assumed for the other
attributes to be simulated for each combination of Proofing and System Simulation
device and media?
The 1SO 12647/2 standard describes which of the
The paper under view deals with these and otherequired properties of print are supposed to be met by a
involved questions and attempts to address relevant topipsoof. In analyzing those standards, one may draw the

with respect to system simulation. conclusion that the focus of the properties of the prints to be
met in proof lies in:
Introduction 1. Dot gain
Primaries

In recent years, inexpensive color printers have become 3. Color of paper (substrate)
commonplace in many environments. The capability of 4. Reflectiveness of paper (substrate)
under $500 (US) color printers has grown rather 5. Opalescence and Transparency of paper (substrate)
dramatically. Great improvements have been made in color 6. Measuring conditions (for viewer, light, angles,
gamut, graininess, resolution, repeatability, lack of gloss, ...)
undesirable artifacts, printable media, and print stability.
Currently, standardized color management is becoming As one can see there are three features highlighted:
a widely used tool, with the ICC color management systerm  Color Simulation of one device by another (1.- 3.)
integrated into the Windows98 operating system as ICM2.0»  Materials and their behavior (essentially with respect to
Good color management has been available to Macintosh color and color appearance) (4. & 5.)
users since ColorSync 2.0 became available in 1995. These Measuring conditions
operating system level color management solutions
potentially allow the exchange and reproduction of color  With the advent of color management and the high
image data between open systems to be much more robugtiality printing devices (which, again, get cheaper and more
reliable, and accurate than in the past. elaborate over time) and if we are evaluating the situation
The combination of these two elements -- high qualitycarefully, there is a new situation arising in several respects:
low-cost desktop color printers and good color management Color measuring devices turn out to be very
capability -- may form the basis for an adequate coloreproducible, within some tenth aE_, but when different
proofing system for many applications. Such a system'measuring devices are compared, one notices that those
ability to function as a proofing engine depends upordevices' measurements are not very comparable when not
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calibrated with the same target. The comparability lie® ability to print on different types of media (glossy,
within a range of some 4.%AE,’ When handled matte, textured, fabrics, etc.).
appropriately, color management turns out to be more
reproducible than comparing those measuring devices. The issue of resolution refers to more than simply the
Thus color communication lacks its numerical basis to someumber of dots per inch that the printer is capable of laying
degree if based on measuring results, while if based otiown. Today's printers are using a number of techniques to
color management it may well substitute accurate proof ifmprove their effective resolution. These include, but are
no other clarification is requirédIn other words, the not limited to, reducing the dot spacing, reducing the dot
accuracy of color management systems is greater (ttsze, allowing multiple numbers of ink marks to be placed
average color error is smaller) than the instrument t@ver the same spot center, reducing the dye load of the inks
instrument repeatability of different measuring devices pluso produce lighter tones, and so forth. On some current low-
the noise on the signal of a press. This again calls for neend devices, combinations of these techniques produce
paradigms for color measurement in proofing situationsputput that rivals silver halide prints in terms of clarity and
especially if remote proofing is aimed at. sharpness. It should be noted few, perhaps none, of today's
A proof may also serve as a legally bindinglow-end color printers have the resolution necessary to
representation of the intended output. With digital networkseproduce traditional press halftones. Hence, in most cases,
becoming pervasive, more and more busines# will not be possible to proof for moiré problems.
communication will be based on remote cooperation. It may On some media, current low-end devices may have
be estimated that proofing will have to undergo someolor gamuts that completely, or nearly completely, enclose
changes with respect to its meaning in times of colothe gamut of a final press print on similar media. In
management and remote cooperation. addition, third parties are now developing ink sets for
If a user is proofing in the traditional sense, he has taesktop printers designed to encompass press gamuts.
use a device that is able to reproduce the print Color appearance models may by used to transform
characteristics of the press a way described by the standardliors for one viewing condition to others. Standard color
mentioned above. If the proofing device is digital, thatappearance models, such as CIECAM97s, can transform
requires the pressmen to supply the customer with his presslor data to be viewed in the print shop's viewing booth or
profile. For proofing, the customer has then to access thhe standard proof viewing condition to color data to be
file as it was generated using the press profile, undergo\dewed in the customer's environment. In the proofing case,
colorimetric match to the profile connection space (PCS)he current ICC specification's handling of white point is
and then - again with a colorimetric match - use theadequate, since the press standard, proofing standard, and
proofing printer's profile and then print on the proofingICC PCS white points are all D50.
printer. The software calculations, the measurement steps For ink jet printers, in particular, the media available
and its associated problems, plus the noise on the printirfgr printing is beginning to expand. Most desktop printers
signal result in larger inaccuracies than if just forwardingare capable of printing on papers of various weights and
the file in its CIELAB representation form and then printingglossiness, and extended media types, such as fabrics,
and measuring it. However, the legal situation still takes &ighly, textured papers, and plastic films, are available
signed analog contract proof as a reference. This ihrough third party vendors.
understandable since properties of the paper (paper weight,

thickness, and opalescence) and the problem of visual New Possibilities for Proofing
judgements of self illuminating versus illuminated samples
make the analog still preferable. Subsequently, from a wuser's point of view, the

Color management may also serve for simulatingvorkflow and the duties required to generate a print proof
certain properties of the substrate to be printed on. Fanay change from the traditional proofing workflow and
example, the dot gain of the press and substrate underdaties to the following:
particular set of conditions will be embodied in the press 1. choose the proof printer depending on a
ICC profile. Hence, while the proof may not be capable of comparison of capabilities of the printer,
producing the halftone of the final print, it will simulate the 2. choose material,
dot gain. 3. apply color management to data,

4. print data.
Status of Low-end Color Output Devices
One can imagine intelligent software that either

It is remarkable that low-end output devices areperforms these steps or informs the user that a proof cannot
generating better and better print quality with respect to: be generated with the system on hand. Such intelligence
e resolution could be embodied in a software tool that operates similarly
o variable color spaces with the use of different colorantso a printer driver, but requires more information from the

and the accessibility of intelligent software generatesiser than does a standard printer driver. This tool would

the offer the user the option of creating a proof, rather than a
o ability to simulate certain color appearance relatedstandard print. Once proofing has been selected, the
behavior of different output devices software would require the specification of the device and

media being proofed. The software would then examine the
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potential capabilities of the devices available on the locajloss/texture. Tolerances for all these variables are required,
network to determine their suitability for creating the proof.and are likely to vary by particular proofing application.
For those printers with the potential to generate the proofThese variables represent a reduction of a number of other
the tool would call for the devices or RIPs to indicateproperties on the press, including:

whether the paper loaded matches that specified in the Mechanical properties

required ICC profile for the device. It may also be necessary e Roughness of paper

to check that the press and proofing device profiles are Optical properties

produced by compatible profiling software, since the current e absorption of light

ICC specification allows for some interpretation and pairs e scattering of light

of profiles from different profilers may cause color e in effect, the sum of both might be described
interoperability problem&Likewise, it may be necessary to as opacity.
check compatibility with the CMM. e Ink related properties

Based on the profiles and media availability, the e ink transfer
software would then determine and indicate which desktop e ink paper interaction
printers on the network could proof the final output, what e soaking of solvent and pigment in ink
aspects of the final output could not be proofed on each, and absorption of light
what simple changes could be made to improve the proofing e scattering of light
situation. If the only limitation of a device was that the e dependent on the screening
wrong paper was loaded, the user would be informed. For e Tack of liquid ink
each device that could create a proof, the user would be e Roughness
given information about the possible limitations of the proofe  Paper class families determining the ink/paper
with respect to paper stock, gamut, dot gain, halftoning, etc. interaction
Finally, the user will be required to select one of the e glossy

proofing device candidates. e matte

Note that the proposed software tool requires some e coated /uncoated
infrastructure for the state of the printer to be communicated e coating is the deciding factor for the scattering
back to the tool, so that, for example, the paper type loaded coefficient of the paper

may be determined. This is an implicit problem withe Screening
implementing the tool -- standardized analysis mechanisms e size of dots
that inform their environment about the state of the printer e shape of dots
currently do not exist.

A true proof would only be deemed possible if a Current color management approaches do make use of
colorimetric match of the image as printed on the presthis reduction of properties when creating a profile for an
could be produced on the proofing device and the mediaffset press under view by simply defining a process profile
met certain qualifications as a simulator of the final mediaaveraging over all the properties mentioned above.

This means that the image's gamut must be encompassed by However, it should be pointed out that the list of factors
the proofing device's gamut. Recall that the processing patfiven above should alert the press operator to highly care
processes the image data through the ICC profiles of botibout the reproducibility of the conditions the devices (rip,
devices using the colorimetric intent. It follows that theimagesetter, plate, etc.) are operated in.
gamut-encompassing requirement requires that the proofing Furthermore the listed properties of the paper does have
media color closely matches the final output media color, oan obvious impact on the color appearance leading to the
that the color of the final output paper can be produced bsequirement of a highly paper type related ICC profile.

the proofing system by laying ink on the paper. In practice, Concluding this section it needs to be pointed out that
the latter may prove undesirable, since white areas may ntite ICC profile of a press is a function

be clear of ink marks. If the media of the proofing device i» of the dot gain which again is basically dependent from
not a close colorimetric match to the final print media, a  process parameters,

white point transformation will be necessary and only ar»  opacity of the paper, and

appearance match will be possible. e the white point and glossiness of the paper.
The ICC system may meet the relevant needs of such )
an intelligent system with a specification of a media tag and What is a Proof?

a white point tag. However, the current way in which the

media white point tag is specified, "referenced to the profile = As can be seen from the previous discussion, the legal
connection space so that the media white point asituation with regards to proofing may potentially undergo
represented in the PCS is equivalent to this tag Valnay  significant change. Currently, the proof simply should
make checking that the two media are a close colorimetrimatch the press. The recent developments in color
match problematic. The definition of this tag seems tananagement, low-end printers, and remote cooperation may
indicate that the value placed in that tag is simply the PC&hange the very definition of a proof to: if a printer plus the
white point, not the CIE relative colorimetry of the media. required software for separation, screening, ripping meets a

The qualifications to be met by the media, other thartertain qualification with respect to
the color, are related to paper weight, opacity, and
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1. being able to use different materials having properties Conclusion
that can not be simulated with the use of software,
2. being addressable with color managed data, The advent of high-quality low-end color printers and
3. and be reproducible within the limits of the device to begood, readily available color management software create
used as a proof printer, new possibilities for graphic arts proofing. Intelligent
software may be developed which determines the suitability
then a legally-binding proof may be composed of a data filepf a particular low-end desktop printer on some media for
the ICC profile and an analog print on a low end devicgroducing a proof intended to simulate some particular final
with given properties of device and substrate. press output. This color simulation suitability decision is
The term "certain qualification,” of course, calls for abased upon the availability and compatibility of ICC
precise definition that, including some parameters, mayprofiles as well as characteristics of the two printers and
serve as definition, as it is required to clarify which devicegheir media, which may be learned from information in their
are able to proof which other devices behavior with respedCC profiles. This new capability may well redefine what a

to color.

Is color the only characteristic for which simulation is
required? It appears as if the market for high-end proofers
may become more limited both because of both the
traditional definition of proofing and the increased 1.
capabilities of printers and software. With that, one could
take the viewpoint that print becomes somewhat obsolete in
some of the markets as they traditionally required proofingz.
However, these highly developed abilities may also on the
one hand generate new usage scenarios as proofing mare
than just colors is now within access. 4,

If more than color simulation is required, what
hierarchy of importance can be assumed for the other
attributes to be simulated for each combination of device.
and media? In a previous paptire idea of "related genre"
has been introduced. The concept is essentially based on the
observation that multipurposing does not work and that,
since it might be useful to approach the reuse of data far.
different output devices in novel terms.

In that context, the production process and thes.
databases involved in the production were analyzed and it
was concluded that, if both the databases and the production
process are defined and divided appropriately it turns out

proof is.
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