
















As D50 is the standard of color
communication that all ICC aware
applications use, the display´s higher
whitepoint has to be downscaled to the
D50 basis. This is called the chromatic
adaption. A linear downscale does not
match the human eye´s tonal response
curves, so a different model has bo be
taken into account. That´s where
chromatic adaptions like Bradford,
vonKries, LMS or CAT02 (to name only a
few) step in.

A few steps to the perfect image

Color management is not new. In fact it’s
as old the human beeing realised the
colors of  nature and tried to reproduce
them. The human eye is the basis of all
our colored emotions and the computer
display is the centre of all decision
regarding color. Due to the extension of
the display’s gamut the display will step
by step replace the classic hardcopy proof
– a soft proof will be the future way to
judge color reproduction.

Keeping that in mind, one can wonder
why so many workstation use old and
blurred CRTs that have never been
calibrated. Of course, the monitor is only
one piece in the color management
puzzle, but it’s the most important visual
one.

Before any discussion about and decision
for new hardware, one should double
check the working environment since
color is not color. The human eye only
allows us a relative and subjective
recognition of colors. Every human being
has a different sense of a specific color.
Just think about tomato red – does your
neighbour also have the same color in
mind. Definitely not. But it’s not only our
eye and brain that influences color
recognition. It’s also the environment.
The wrong surrounding light makes the
definition of color pretty much impossible.
Thanks to the ISO regulation one might
know the right lighting conditions: a
proofing and imaging workstation must
uses D50 lighting (5000 Kelvin daylight).
It’s quite easy to achieve D50 light in
every bureau by using GTI or JUST daylight
fluorescent tubes. With only a few steps
one can have perfect lighting conditions
if one can keep direct sunlight out of the
office. For example the Pantone Color
169 CVC viewed under D50 standard
light has now visible difference to a
output. The same color viewed with the
normal office lighting of about 2800 Kelvin
differs up to 12.4 deltaE. Keep in mind
that – generally speaking – above 3 deltaE
the human eye recognizes differences
between two colors. With greys is even
lower from 0.5 deltaE on.

To make it a bit more complicated, the
gamut of one device and another device
is also not the same. Displays, cameras
and scanners are working with the additive
RGB color space. Printers usually work
with the subtractive CMYK color space.

No device reproduces colors correctly out
of the box. It’s like some human beings
that needs to have glasses to see sharp.
With a display, the individual calibration
and profiling is what the human eyes have
glasses for. So this is absolutely necessary
to have a valid color reproduction. To
make the conversion from RGB to CMYK
easier, the color management is based
on the device independent LAB color
space. This kind of conversion ensures
the best matching of colors that share the
source and the target color space. Colors
that do not match have to be converted
into a shade that is inside the gamut (color
space) and looks near the original. Color
management could not be loss-free by
definition, but it warrants a clear definition
of what will happen with the colors during
the conversion from one color space to
another.

Unfortunately a monitor looks different at
5000K than a viewing booth that uses
D50 lights according to the ISO12647 and
ISO 3664 standards.  Extensive tests at
the RIT lead into the result, that if a monitor
should match a D50 viwing booth, it needs
to  be calibrated to a more colder (blueish)
whitepoint. The native corresponding
whitepoint to  D50 of the human eye for
an transmissive device like a TFT is
between 5.600k to 6.000k.
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s The native whitepoint

Quato offers the user five different
chromatic adaption methods to optimise
the display´s color performance to the
color recognition of the human eye when
using non D50 lighting and display
whitepoint.

Additionally, iColor offers the choice
between three different ICC profile-types.
One can use a primaries (RGB) focused
matrix or a primary/secondary
(RGB/CMY) balanced matrix. Additionally,
the 16bit LUT-profile ensures the highest
in Gamut color precision.

With the integrated UGRA and SWOP
display certification, iColor display
additionally helps to ensure a perfect
colormanagement workflow. For the first
time ver, users can certify if the display
is recommended for soft proofing and
remote proofing.

Especially iColor display´s reference
technology - that calibrates all monitors
to one, user defined setup - helps to
integrate Intelli Proof displays into remote
proof and special proof enviroments.

For a perfect workflow it’s not only
necessary to use well balanced
equipment but also all software
application have to speak the same
language. Combined with individually
profiled and calibrated input and output
devices this ensures a trouble free color
managed workflow which is the only way
to reach a perfect color reproduction.

s Notice the difference



The ISO 12646 does not have much in
common with TFTs, so it can not be
applied. A new revision will support TFT
and is due somewhere in 2007. And, it
will not only cover the minimum
requirements for softproofing displays,
it will also cover the viewing conditions
for softproofing. In contrast to ISO 3664,
12467 or UDACT and SWOP, the ISO
12646 cannot be certified at the user side
- this has to be done in a laboratory and
is valid for a series of monitors and not
for the individual one.

The ugra/fogra Display Analysis and
Certification Tool implements some of
the elements of this upcoming regulation
and establishes them on the desktop.
Todays color judgement is focussed on
primaries, but there are discussions in
almost every normative institute to extend
the focus also  to the graybalance. The
reason is obvious, as it is possible to
have good primaries and a bad gray
balance. Is the gray balance acceptable,
than the primaries are in most cases also
acceptable. This focus shift is the reason
why iColor Display is performing an
extensive iterative gray balance
calibration.

But the certification does not help to
setup the display´s calibration preference
in the right way. If one takes the final
process into account (almost every image
is a least printed) and selects the
recommended ECI-RGB working space,
then gamma 1.8 makes much more sense
as the image does not know on which
system it runs, so harmonizing the setup
is a good thing, too.

The next thing to define is the luminance.
ISO 3664 defines at least 1800  Lux as
the environmental light intensity. A
display´s luminance is defined in candela
per squaremeter (cd/m2). To get LUX into
a relation with candela, it must be devided
by Pi. So 1800 Lux is around 600 cd/m2.
No proofing display can support this high
luminance and so most of the viewing
booth include an electronic dimmer to
set the viewing booth down to around
450 cd/m2. Additionally, ISO 3664
defines 32 Lux for the softproofing and
comparison to a printed image. 32 Lux is
only given in a very dark room. In most
environments, it́ s impossible to reduce
the external lights to such a value.

The ISO 12646 draft defines a minimum
luminance of 120 cd/m2. The right
luminance depends on the environmental

The process stability of every digital or
analogue tool highly depends on the
ability to finally trace the results as beeing
inside the specifications.

As a result, almost everything in the digital
workflow is standardized, except the
display. There is a ISO regulation for
environmental lighting conditions that
defines D50 as the standard for proofing
and comparisons between colors and
prints. The ISO 12647 defines the printing
technologies and the allowed deviations
from the specifications to print in an
acceptable way.

Of course, there are some regulations like
ISO 13406 (display technology) and ISO
12646 (minumum requirements for soft
proofing displays). The first is only
accepted regarding the pixel error class.
The latter covers CRTs only. So both don t́
have a real impact on today´s work.

Regarding the pixel error class, Quato
decided not to follow the ISO 13406. A
21.3” display with 1.92 million pixels can
have up to 18 defective pixels and this is
nothing one would accept. Therefore
Quato Intelli Proof Displays use selected
panels and offer a much higher level of
quality. Intelli Proof 230 displays are
granted not to have any defective pixels
in the center area of the screen. In the
outer parts of the screen, a maximum of
two defective pixels is allowed.

The viewing angle dependencies,
specified in ISO 13406, do not really meet
the user´s demand. A viewing angle of
178° only specifies, that the contrast is
not fallen below 1:10 when looking from
this position on the screen.  It does not
tell anything about the color stablility. For
example, the Intelli Proof́ s panel has a
shift in the luminance instead a shift in
the color when looking at higher viewing
angles on the screen. The white image
still appears to be white and colors only
decrease in luminance. That matches the
human eye, as this is more critical on
chromatic shifts than on luminance shifts.
In deltaE, the Intelli Proof has a deviation
of deltaE 2 at 20°, while some other
hardware calibrated TFTs reach deviations
of up to deltaE 12 at the same viewing
angle.

The contrast ratio is also irritating as the
realworld contrast is much lower than
factory measurement maximum contrast
ratios like 1000:1. When using a the
recommendations for calibration a display
may has a white luminance of 150 cd/m2
and a black luminance of 0.5 cd/m2. This
results in a contrast ration of 300:1. The
difference between realworld and factory
is obvious and shows that only the net
contrast rules.

Some background and calibration recommendations

lighting conditions. The brighter the light,
the higher the luminance. Changing the
luminance regularly due to changes in
the lighting conditions is not suited for
professional work.

Stable and defined lighting is a must for
a softproof workflow.

To summarize of all the three mentioned
basics for calibration, one should use a
Gamma of 1.8 for ECI-RGB or L* if a L*-
RGB working space is used. The
Whitepoint should be around 5.800 K
when comparing printed images with the
softproof under D50 light and the
luminance should be at least 120 cd/m2.

Gamma: 1.8 or L*
Whitepoint: 5.800 k
Luminance: at least 120 cd/m2

s The colormanagement dialogue from Adobe
Photoshop® that shows the recommended
setup for the use of Intelli Proof displays.

 gray balance dependencies

s Thinking Workflow means, that the final
result of all work is print.



Key Benefits

Special profiles
Other than Lab-LUT profiles, Quato´s XYZ-LUT also contains a standard matrix profile. That helps to increase the compatibility with
applications that cannot correctly use LUT-based display profiles like Adobe Photoshop, but also warrants full access and
performance for LUT-enabled applications like the forthcoming Photoshop CS3. The Intelli Proof´s profile includes a combination
of private and open tags to ensure the compatibility with industry leading remote proof applications. The profile/LUT can be
uploaded to the monitor without recalibration.

Workflow optimized
Unlike other calibration solutions, iColor Display offers two different ways for creating and calibrating a Matrix based profile. To
suit the needs for graphic arts and prepress, a primary optimized Matrix can be created. The more perceptive needs of photographers
can be fulfilled with the perceptively optimized Matrix. LUT-savvy application can make use of Quato´s highly precise 16 bit LUT
profiles that renders colors in an unparalleled exact way.

Monitor matching and Remote Mode
iColor Display allows to setup the whitepoint in varous ways from Lab to xy and Kelvin to exactly match the customer needs.
iColor´s master/slave mode enables an even easier remote setup of different displays to the same visual output.

Built-In UGRA and SWOP certification
Intelli Proof displays are the world´s first softproofing TFTs that have the ugra UDACT and the SWOP certification built-in. Additionally,
the SWOP certification is not only valid for the combination with a remote proofing product, the SWOP certification can be
performed individually with the most common software: Adobe Photoshop. The upcoming spot color measurement (2/2007)
helps to find workflow problems as individually defined colors can be measured in iColor and a corresponding application like
Adobe Photoshop.

Colorimeter support for Wide Gamut units
A wide color gamut unit forces the user to have an expensive and limited precision Spectrophotometer, but Quato has found a
way to make use of the highly precise DTP94 colorimeter by uploading a correction table into the device. Now users can benefit
from the much higher precision of the colorimeter (compared to the Spectro) and save a lot of money.

World´s first ECI-optimized TFT
Instead of following the standard Adobe-RGB path with its lack of Cyan and Red representation, the Intelli Proof excellence follows
ECI-RGB that is much better suited for media neutral workflows (ECI-RGB contains all possible printing technologies from Offset
over Minilab to Inkjet).

Zero Pixel failures in the Center
Quato displays make us of highly selected panels from japanese and korean manufactureres. Due to the high grade of selection
during manufacturing and Quato´s own accepted quality level (AQL), no Quato display has a defective pixel in the center (A6
landscape) and a maximum of two defective pixels in the remaining area. Compared to the weak ISO13406, this is a big advantage.

Optimizied Backlight Control and Stability
Quato monitors have maximum luminances of up to 330 cd/m2. Even if these luminances are much too high for day to day work,
they ensure that the working luminance of 120-150 cd/m2 will be available during the full lifecycle. The backlight ages, and the
lower the backlight maximum luminance, the the lower it will get during long term operation.
Quato´s displays are equipped with a luminance stability control circuit, keeping the luminance on the same level. The Intelli
Proof excellence is additionally equipped with an optical luminance and whitepoint stabilizer that keeps both, whitepoint and
luminance at the adjusted level.

Viewing angle dependencies and Contrast ratio
Quato´s solutions have a viewing angle of 170° - 178°. But that does only tell that the contrast is not below 1:10 at 170°. The real
interesting thing is the color shift and luminance behaviour. The panels used in Quato´s display always have a focus on color
stability. That means the colors stay as they are, they are only getting darker during viewing angle changes. Other solutions prefer
to keep the luminance and to change the color, what makes these solutions unsuiteable for softproofing and image editing.
Quato monitors don´t claim extremly high contrasts as the real achievable contrast is always much lower than the unspecified
panel manufacturer´s measurement. A calibration with 0.5 cd/m2 black- and 120 cd/m2 whiteluminance has a contrast of 240:1
- that´s the real world contrast and not suspicous numbers like 1:1200.

Quato offers more than only Monitors
Quato is developing more and more tools that help to manage the day to day color business. iColor Display and the Intelli Proof
series are just one part - but the centerpiece - of the whole workflow. iColor Display is upgraded almost quarterly, offering
advancements and new functions. The fully modular iColor Print printer calibration extends the iColor family to print while iColor
Proof offers the ability to perform highly accurate softproofs without the limitation of today´s image editing solutions.
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