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What is Color? How is Color seen by a human eye?

1. Color is the name we give to light that can be seen by a 
human eye. Light is an elektromagnetic wave with a certain 
wavelength and an amount of energy. Our eyes can only 
detect a limited amount of the light that is surrounding us.

2.In 1931, two scientists of the International Commission on Illumination (In French :
Comission Internationale de l'Eclairage or CIE in short) made an attempt to create a link
between the physical wavelenghts of light and how the human vision perceived this as colors. 
The results of this research still forms the base for nowadays CIE Color Space that is used 
inside the modern softwares.

3. Once we understand how we see color, we immediately see that we have an 
issue when it comes down to printers and ink. The problem is, that we do not 
fully control the light which is touching our retina. We only control the reflection.

4. So in order to try and control the light that we see on a certain mix of CMYK 
(or other) ink, we need to define a standard lightsource (D38, D50, D65 or F7) 
and viewing conditions. This means that all the color evaluation done on 
printwork, is only valid when viewed under the exact same conditions as the 
observer inside the profiling device measured the colors during the profile creation.
         

Viewing booth for print evaluation

Prism

5. When we use an Eye-one to make our profile,
all the colors produced by the printer, are 
measured with a D50 lightsource, where the 
light falls down on the color under 45°.
The light is seen by an observer directly
above the color, who has a 2° viewing angle. 
The wavelenghts of the light falling onto the
observer are measured per 30nm interval.

Lightsource which
emits white light

Green Object

Light reflects
on the object
and some rays
fall onto a
person’s retina

I see
Green!



INPUT RENDER MODULE PCS MODULE CALIBRATION MODULE RASTER MODULE OUTPUT

      Apply rendering

Perceptual, saturation, 
colorimetric, etc...
(Depends on both
input and output ICC)
Note: This module is 
responsible for the 
gamut compression

Ink Limits and
Linearization

Mixed ink limit is applied

Linearization via density

If present, light color
curve is applied (Lm/Lc)

Apply primary Ink 
restrictions

Special output

(Print to Cut Lines,
CNC machines,

etc ...)

THESE 3 SECTIONS TOGETHER FORM THE PRINTER PROFILE

(*) A spotcolor is a programmed color, inside an EPS or PDF file. It does not have a specific color value, instead, it has a name (In Illustrator this can be set via the swatches). 3 options :
1. The spotcolor will be translated into a color that is a mix of the normal inks. This can be done via Lab value (to match a pantone color for example) or by CMYK value to print pure ink values.
2. The spotcolor is linked to a special ink (example : White Ink or varnish on the 426UF printer). The rip will assign the spotcolor to that ink channel. 
    Note : In rasterimages, this can be done via Alpha channels or sometimes even via transparancy. This is supported in the TIFF format.
3. The spotcolor is not used for printing (example : Print to Cut lines). In this case, the rip will translate the colored shape into a format used by a cutter (HPGL language).
 

Apply Raster
and Vardot Curve

2bit data = 4 dotsizes

Add RTL commands
to control the printer

Image Ready

CMYK image
No input profile

3

CMYK image
with input profile

2

RGB image
with input profile

1

COLOR SPACE TRANSLATION INSIDE RIP SOFTWARE (A chart to help you explain how the inside of a RIP functions)

Profile Connection Space
(PCS)

Apply ICC output profile to 
the image. CMYK/RGB’s 
are translated into light
(XYZ or LAB) as seen by 
the observer(D50/D65/...)

GCR Curve determines 
how the black ink is used

Lab image
4

CMYK image
No input profile
No Calibration

6

Spotcolors (*)
5



How to manipulate these settings as a User

RGB image
with input profile

1 CMYK image
with input profile

2

RGB file

With RGB 
Input Profile

With a
valid and 
complete

output profile

With CMYK 
Input Profile

CMYK file CMYK file

CMYK image
No input profile

3

Switch off
CMYK 

Input Profile

With an 
output profile
(ICC can be present,

but is not a must
in this case)

With a
valid and 
complete

output profile



How to manipulate these settings as a User

Lab image
4

Lab file

Don’t
bother about

input
profiles

Use a
valid and
complete

output profile

Spotcolors (*)
5 CMYK image

No input profile
No Calibration

6

Profile use
depends

on the type
of spotcolor.

Make Sure
your RIP is
set to use
spotcolors

CMYK file

Switch off
CMYK 

Input Profile

Use an
empty profile
(only print mode

settings)



Reasons to use the different methods

RGB image
with input profile

1

CMYK image
with input profile

2

CMYK image
No input profile

3

Lab image
4

Spotcolors (*)
5

CMYK image
No input profile
No Calibration

6

                                  Ideal for reproduction of photographical 
                                  prints. All photographic material starts 
                                  from RGB. Every conversion to another 
profile comes with loss. In RGB you always have a gray 
reference (When R/G/B values are identical).

                                 When Color Management is used correctly, 
                                 there is not much difference between the 
                                 printout of CMYK or RGB images. CMYK 
was the only way to go in the past, since the images were 
tuned on ink levels (in screenprinting) and not via color values.

The only advantage of a CMYK image nowadays is that you have 
a bit less gamut compression compared to an RGB image. This 
enables you to put a little bit more “color punch” in the image.

You have a link between the CMYK values and the ink output 
(Altough this idea is not 100% correct with modern RIP software. 
When you have a mix of CMYK that makes a Black color, and you 
lower your CMYK to make it brown, you might end up with more 
ink instead of less).
The downside of CMYK is that you do not have a gray reference. 
A second downside is the 100% values instead of the 8 bit 0-255 
value. Inside the CMYK also works with 0-255 values, but some
tools (like the photoshop paint bucket) do not give you access 
to these values.

                                This is an Interesting option.
                                Sometimes, you can have a 
                                reason to work on ink level
instead of working with colors. For example, if you
want to print pure yellow, or pure black for small
text that needs to be extra sharp. 

CAUTION : ULTRASHARP 100% K ONLY 
TEXT AND 100% YELLOW IN THIS SIGN

                                In case you have access to 
                                the Lab value of a color
                                (for example, if you have 
measured it with a spectrometer) or if you have
access to the Lab list of the pantone colors

(You can even find them via Photoshop, when 
you fill an area in a Lab TIFF with a Pantone 
color from the picker, and then use the Color 
Info to get the Lab value of that specific pantone). 

As pointed out earlier, spotcolors are
programmed colors. You can fill them
with an RGB or CMYK value, but that is
only for On-Screen viewing purposes.

A spotcolor can only work inside a 
programmable image (PDF or EPS).
When used inside a TIFF, it will be 
converted to a process color.

Spotcolors are typically used for 
pantone reproduction, specialty inks
and print to cut lines.

This is rarely used for normal printing.
With this, you control your ink channels
directly, without any link to a reference.

It is used sometimes for testprinting,
to observe what the ink is capable of,
or to make test targets.

One special field in which these might be
used is the traffic sign business, because
there it is not possible to create a profile
on the reflective materials, and you use
only 4 or 8 colors in total, which are defined
via a pure ink channel percentage.



Rendering Intents

When we want to reproduce colors from one device to another we need to ask ourself some important questions : Do we want the colors to be identical as much
as possible, or do we want to keep the relation between colors in order to get the same impression of an image that is displayed on two or more different devices?

Perceptual Rendering : The goal here is for the human brain to get the  
same perception of two images on different color systems.
This rendering will not try to match colors exact, but instead, it will
respect the relation between colors. This rendering is advised for 99% 
of the normal printwork, and is the default setting for almost any rip.

Colorimetric Rendering : The goal here is reproduce colors as exact as 
possible. Relation between colors is no priority, and as a result, two colors 
which are visually different from each other on system A, can end up as an 
identical color on system B, resulting in loss of detail in the image. 
This setting is used automatically in case of pantone spotcolors.

Perceptual

Relative
Colorimetric



Color Reproduction

Color reproduction is a complex matter because it depends on many variables. Besideds that, one of the main problems is the lack of a reference. A small comparison : 
When you want to communicate length dimensions with someone, you simply say : The image should measure 120cm by 80cm, up to 1mm precise. 
The other person can go and buy a rollmeter in any hardware store (which will be calibrated according to the metric system), of which you know that these 
dimensions are in range, and he can also in his head form an idea of what 120cm and 80cm should be like.

But when you say to someone, the color should be L = 49 / a = 56 / b = -30 up to delta E 5 precision , most of the times, they have no idea what you are talking about. 
They also lack a metering device to confirm their final color, or they are not even sure if their printer can produce that kind of color. Also, when you try to make a 
reference to a color, you will notice that this is almost non existing. Even the Coca Cola red of the Italian Coke-cans is not identical to the Coke-red in Belgium. 
Keep in mind that color cannot be communicated i n RGB or CMYK values (unless you are using colorcharts made on the same device). Pantone is of course an option, 
but only in case it is used correctly.

 
 

More common factors which
can lead to Color “issues”

Factors with minimal
influence on Color issues

Factors which are usually
the cause of Color issues


