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ABSTRACT

This paper seeks to describe an appropriate work flow that, together with the
use of suitable tools, could raise the productivity of the ceramic manufacturing
process.

The use of colour profiles, graphics treatment in PhotoShop, and image pre-
paration for printing, as well as identification of the factors to be taken into account
and of the tools to be used, are issues that, excepting the distance between the
different machinery manufacturers, today form a common nexus between desig-
ners in the ceramic sector. These issues are addressed in this paper.
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1. CONTEXT

The ceramic tile sector is in the midst of change owing to the incorporation of
digital printing machines into production. The singularity of these printing machi-
nes and of the tile manufacturing process has altered the way in which the designs
and patterns to be reproduced are treated by sector companies.

Terms like colour management, profiles and four-colour printing, which are
proper to the traditional graphic arts sector, intermingle with expressions such as
‘multi-channel’, ceramic inks, base glazes, and kiln temperature, which are tradi-
tional terms in ceramics.

This mingling of two worlds of graphic decoration, so close yet so far apart,
has given rise to the creation of new design methods and new colour management
adapted to the ceramic sector. Examples of such changes are the use of colour
profiles and a return to multi-channel design.

It is necessary to reconcile these traditional colour management techniques
with the new design methods. New tools are used and new methods need to be
adapted to appropriately implement this new technology, which has consolidated
itself as a further form of ceramic tile decoration.

2. NEED FOR A NEW PRODUCT

New graphics and reused graphics: At present, based on the demands of
ceramics manufacturers, two types of graphics are being adapted to digital prin-
ting. Thus, on the one hand, there are the so-called reused graphics, which relate
to products fabricated by means of other, previous technologies, such as rotary or
screen printing technologies.

These graphics, which in the best of cases are stored in digital files, were
logically developed in terms of the possibilities of the particular technologies invol-
ved. For various reasons, companies may need to continue making these products,
using ceramic digital printing technology. However, in order to be able to take this
step, certain preparations are first needed.

A resolution used, such as 180 DPI, might be considered standard. However,
technology at present allows and encourages the use of resolutions of 360 DPI and
higher. This means that a point interpolation is required, which is not always per-
formed correctly, and may lead to loss of definition and undesired effects.

In order to overcome this first hurdle, the graphic needs to be treated after
its resolution change, either by means of filters that treat the pixels directly or by
applying levels.

Another great problem that arises when it comes to using graphics from other
technologies is that they are multi-channel and must, therefore, be converted into
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RGB or CMYK colour spaces, which needs to be done correctly because otherwise
there may be notable differences in the tones of the resulting colours.

In addition, these channels could have been of any possible ceramic colour,
this being something that is currently not possible by digital printing, so that some
original colours can probably not be reproduced. In this regard, there is at present
no possible solution since it is impossible to reproduce colours outside the repro-
ducible spectrum of the machines.

This issue may subsequently be solved as a result of the research into and
development of new inks that are compatible with digital printheads: such purer
inks, in colorimetric terms, could yield a greater range of reproducible colours.

3. IMAGE DIGITISATION

With regard to the new graphics, developed directly in terms of the technolo-
gy to be used, given the resolution capability of these machines, the starting data
must be of the highest possible quality. Therefore, high-performance digitisation
mechanisms of the original need to be used.

A flat scanner is a good option when the original is not too big, but the origi-
nals and the resulting tiles tend, increasingly, to have extremely large sizes, so that
this option loses ground compared to capture systems with CCD sensors. These
new digital camera-based systems are usually expensive and may sometimes be
useless, if very large originals need to be digitised and the digitisation mechanism
is based upon the movement of the original and not on the capturing system.

At ITC it is sought to develop a user-friendly system for the digitisation of
large sizes without the drawbacks of current systems, working at high resolutions
and producing high-quality RAW files.

This system will allow non-contact digitisation and digitisation by parts of lar-
ge surfaces without weight or length being a concern, thus making this a topical,
prospective instrument for companies that make original graphics to use.

4. COLOUR MANAGEMENT

After the appearance of ceramic digital inkjet technology, colour management
gradually became important and, subsequently, indispensable in any work flow.

First, calibration and profiling need to be performed of all elements involved in
visualisation and colour production: digitisation tools (digital cameras or scanners),
visualisation devices (computer screens), and the printing machines themselves:

e Input profiles, describing scanners and digital cameras.
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e Screen profiles, describing LCD screens and monitors.
e Qutput profiles, describing printers and printing machines.

In order to control the variations of a particular device, the profiles must be
kept up to date, since the performance of a device changes over time and that is
when the device needs to be recalibrated. If, notwithstanding a recalibration, its
initial performance cannot be reproduced, it needs to be re-profiled.

A device profile contains information on three principal variables that describe
how the device performs:

1. Spectrum. Colour and brightness of the (primary) colorants.

2. Dynamic range. Colour and brightness of the white point and the black po-
int.

3. Tone. Tone reproduction characteristics of the colorants.

Once the profiles have been created and installed, the work flow can be ini-
tiated in which, first, colour significance must be given to the files that are opened,
assigning them the profile of the appropriate digitisation tool.

The next step is colour normalisation, transforming the image into an RGB
working colour space. Independently of the space chosen, in a design department,
all the units must have the same RGB working space in order to maintain consis-
tency in the correction actions and thus allow collaborative work.

The colour spaces (profiles, essentially) must be more extensive than the
target colour spaces in order to avoid colour losses. This is not always possible,
though that should not be a reason for using RGB capture colour spaces as working
colour spaces, since they are not uniform or designed for working.

All the applications that administer colour enable predetermined profiles to be
established for RGB or CMYK, but if various applications are used, it is necessary to
make sure that all applications use the same predetermined profiles. Based on our
experience, we suggest Adobe RGB 1998 or Apple RGB as good working profiles,
since they are extensive and have a good grey balance.

The selection of an appropriate interpretation approach for the graphics and
the use of black point compensation assure that the black in the source will always
have a black expression in the destination. This use of black point compensation
can avoid the following problems:

e If the source has a lower black point than the destination black point, all the
darker values in the source than in the destination will reduce the black, brea-
king up the detail in the shadows

o If the source has a higher black point than the black point in the destination,
the converted colour will not contain true blacks, making the result look fa-
ded
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5. FILE FORMATS, RAW DEVELOPMENT

One can start with camera-digitised originals with the possibility of obtaining
RAW format images or use scanners, obtaining TIFF documents. The main diffe-
rence between these formats is that the RAW image is a digital image file format
that contains all the image data as captured by a camera’s digital sensor. When
shot in RAW, the camera performs no post-processing, since it only stores the in-
formation in memory.

When photographing in RAW, one has greater control of image appearance:
it is possible to correct aspects such as exposure, white balance, contrast, satu-
ration, and the calibration of the different colour channels, all without any infor-
mation loss. In order to be able to make these adjustments, specific software is
required to process the RAW files by means of digital development and to convert
them into TIFF files for subsequent printing.

Knowledge of the morphology of the histogram is essential in order to be able
to capture the image, as well as to develop and make the relevant adjustments
for digital printing. First, one must start with a good tone distribution in the RAW
capture.

A histogram illustrates in a graph how the image pixels are distributed and
shows the quantity of pixels in each colour intensity level. The histogram indicates
whether the image contains sufficient details in the shadows (on the left), halfto-
nes (in the middle) and illuminations (on the right) in order to perform a proper
correction.

There is a very clear relationship between the form that a histogram adopts
and image quality, so that all adjustments of the basic development need to be
controlled in order to form an image histogram and achieve good image quality for
printing. The output histogram should resemble a Gaussian bell-shaped curve; it
should extend at least to the two ends, with less information at the ends than in
the centre segment, always having black and white.

R: 104 /29 1/60s
G: 117
B: 135 ISO 100 18-55a40 mm

Figure 1 Histogram
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Digital development begins by adjusting the basic parameters of light and
colour:

1. Exposure: Adjusts the white point = White levels.
2. Recovery: Allows apparently burned highlights to be restored.
3. Blacks: Controls the black point = Black levels.

4. Brightness: Redistributes the information by clarifying or darkening the ima-
ge without altering the black or white point.

5. Fill light: Illuminates the shadows respecting the black point.

6. Contrast: Adds contrast in the halftones without altering the white and black
points.

7.  White balance: Varies the image colour temperature and hue.

The development is continued with the most advanced clarity and intensity
adjustments:

1. Tone curve palette: Allows performing fine adjustments in the histogram,

2. Clarity: With positive values it adds micro-contrast in the textured zones,
provides volume, or enhances the image.

3. Intensity: Smart saturation, only affects colours with little saturation, es-
pecially protecting skin tones; this adjustment is equivalent to the Photoshop
adjustment layer INTENSITY = 50

4. Saturation: Colour saturation in the entire image, this adjustment not being
very recommendable.

RAW images development flow

RAW IMAGE CAPTURE 19 EXPOSURE CONTROL OF HIGHLIGHTS

2° RECOVERY THRESHOLD COMPENSATION

30 FILL LIGHT SHADOW CONTROL

BASIC DEVELOPMENT

) 409 BLACKS BLACK POINT ADJUSTMENT

LUMINOSITY CONTROLS

59 BRIGHTNESS GENERAL LUMINOSITY ADJUSTMENT

6° CONTRAST FILL LIGHT COMPENSATION

7° WHITE BALANCE LIGHT TEMP. CONTROL

ADVANCED DEVELOPMENT 1° TONE CURVE FINE PARAMETRIC ADJUSTMENTS

I(I(I

|

COLOUR / EFFECTS CONTROLS
20 INTENSITY SATURATION ADJUSTMENT

3° CLARITY VOLUME EFFECT CONTROL

4° SELECTIVE ADJUSTMENTS BRUSH

Figure 2 Images development flow
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6. IMAGE PREPARATION FOR PRINTING

The final preparation of the image will depend on several factors, such as final
destination, output size, image focus, and output profile.

Once the RAW image has been developed, it is saved as a TIFF file, the same
file format as the images digitised by flat scanners. These files are used to start
the adjustment treatment in PhotoShop, all image manipulations being performed
by means of adjustment layers.

The tone intensities are modified by adjusting levels and curves. The impor-
tant difference when it comes to choosing either of these is that the curves pro-
vide up to 14 control points for illumination, halftone, and shadow adjustments in
individual channels, whereas the ‘Levels’ dialogue box only has three adjustments:
white point, black point, and gamma. The curves are extremely useful for modi-
fying the light in a tonal range without affecting the others or, in other words, when
in a histogram it is sought to provide contrast without pushing the white and black
ends. Another useful function of the ‘Curves’ dialogue box is also making precise
adjustments in the individual colour channels of an image, it being possible to save
the adjustments of the ‘Curves’ dialogue box as pre-set adjustments.

Using the tone-saturation control, corrections can be performed with ad-
justment layers to bring to the desired tone an image whose original tone has
deviated after printing, or when different tones are being prepared for a ceramics
series.
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Figure 3. Curves and Tone saturation adjustment layers

The tone creation adjustments and graphics modifications are performed in
this phase. The preview should be used to see what the piece is going to look like,
thanks to the printing profiles, selecting the appropriate interpretation mode: re-
lative colorimetric, absolute colorimetric, or perceptual so that the designers can
preview what the graphics are roughly going to look like before proceeding with
actual production.
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Figure 4. Image preview with the profile

Sometimes, depending on the characteristics of the image to be printed, as
well as on the type of machine printheads, the injectors can give rise to lines in
the print. In certain cases this is due to lack of continuous printhead feed, which
produces a line owing to the absence of ink. In other cases, this occurs because
very fine continuous patterns are to be printed on a grey scale, which generate the
same drop size on printing aligned points of the same size, leading to the optical
effect of a line.

It is therefore important to verify the channels that form the image, contro-
lling the channels with very flat intensities as well as the channels with much co-
lour intensity, since corrections will need to be made to avoid such problems. The
corrections usually consist of clarifying, decreasing the intensity of the channels or
affected zones, and even generating noise with a certain defocusing in the case of
very flat patterns.

7. FILE MANAGEMENT

When the modifications have been accepted, the images are stored in files
with non-destructive colour information formats, such as TIFF or PSD (Adobe Pho-
toShop© proprietary tile format), the latter being the best option if adjustments
have been made by layers. It is not good practice to save graphics in JPG files,
even when the maximum quality configuration is set, since there will always be
precision losses in the colours stored owing to the algorithms used in image com-
pression.

Subsequently, in order to be able to send the file for printing, the image is
converted from the RGB to the CMYK mode of the machine’s printing profile, gene-
rating a CMYK file that is saved in the TIFF format, connecting layers if there are
any and thus leaving it ready for the printing trials.
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It is advisable to revise the image resulting from the profile colour conversion
in order to make sure that each channel has the intensities required by the printing
machine, and to be able to avoid printing failures caused by the image.

8. VALIDATION OF THE PRINTED IMAGE

Once the graphic has been printed, it needs to be checked to make sure it is
correct or whether, instead, it is unsuitable for final production. In this phase, it
is evaluated whether the reproduction of the tones is satisfactory and, should this
not be the case, the necessary tone adjustments will need to be performed again
to correct the deviations.

Should lines appear in the decoration owing to an inappropriate graphics de-
sign approach, it is necessary to return to the design phase and modify the image
channels that are too flat and can produce these errors in the machine.

9. WORK FLOW SCHEME

NECESIDAD DE UN DISENO NUEVO DE PRODUCTO
CAPTURA DE IMAGEN RGB APLICAR PERFIL DEL
> i i
FORMATO, RAW / TIFF ESCANER O CAMARA DIGITAL

MANIPULACION IMAGEN RGB
CREACION DE TONOS
FORMATO Y COLOR, PSD

i AJUSTES DE COLOR

RGB FORMATO PSD
GESTION DEL COLOR

GRAFICA CON RAYAS REVISION
DE LA INTENSIDAD
POR DISENO DE LOS CANALES

AJUSTES DE COLOR
IMAGEN CMYK
POR CANALES

APLICAR
TONO NO OK
PERFIL ICC
TRANSFERENCIA PRUEBA DE IMPRESION
PRUEBA DE IMPRESTION NO OK A IMPRESORA 0K

Figure 5. Work flow scheme.

VISUALIZACION
RGB EN CMYK ICC

FORMATO TIFF
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10. IMPROVEMENTS IN MACHINE EFFICIENCY, LINEARISATION

Linearisation consists of modifying machine performance, such that the true
density of the printed points coincides with pixel density in the digital channel. That
is, if the command is sent to print a yellow channel density of 20%, 20% must be
actually printed on the tile, no more and no less.

In order to verify the state of a machine in this regard, trials need to be
conducted and the graphics need to be measured to view the gain curves of each
channel; these results are directly linked to the base used, the resolution, and the
firing temperature.

The following study has been performed at ITC, using an INKJET printing plot-
ter, with four inks: cyan, yellow, magenta, and brown. The generated study control
image prints patches of the four channels at two percentage-point intervals.

By printing this test chart without any type of profile modification and firing
the print at the set temperature, one obtains a ceramic piece that is ready for the
density readings.

Once the densities of the different channels have been read, the gain curves
per channel are obtained. These curves need to be compensated by their corres-
ponding counter curves in order to ‘linearise’ the printing and achieve appropriate
printing at each density.

In order to calculate the counter curves, a software was developed that reads
the data provided by a spectrophotometer (eye-one Pro); it performs the relevant
calculations and converts them into ‘.acv’ type files, which plot the correction cur-
ves that can be applied in the design phase using PhotoShop.

During the initial trials, it was observed that the software results could be
improved by means of a fine manual adjustment of the counter curves, thus yiel-
ding better results. At the time this paper is being written, a new version of the
software is being developed that provides a better automatic resulit.

Non-linearised result
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Figure 6. Non-linearised printing results.
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As may be observed, in non-linearised printing (Fig 6), there is a difference
between the printed density and the (real) measured density, which produces a
loss of average values, increased ink consumption, and a possible lower ‘maximum
ink” accepted by the substrate.

Results with automatic linearisation
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Figure 7. Printing results with automatic linearisation.

The results in Figure 7 show an improvement in the relationship between
the printed density and the measured density. This improvement was achieved by
applying the correction counter curves automatically generated by the software to
the design.

The greatest correction was made in the magenta channel, since this was an
ink that ‘expanded’ and had a high yield, so that it was necessary to control it more
closely.

In addition, as may be observed, it was not necessary to print up to one
hundred per cent density in magenta in order to obtain a maximum density mea-
surement, so that more of this ink did not need not to be printed, with the ensuing
saving.

Figure 8. Automatic counter curve.
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It was possible to improve upon these good results by manually adjusting the
counter curves, based on the automatically obtained results.

Figure 9 shows the counter curves resulting from the consecutive automatic
and manual processes.

Figure 9. Refined counter curve.

Figure 10 depicts the values obtained in printing with the applied curves.

Results with refined linearisation
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Figure 10 Results obtained with the manually refined counter curve.

11. CONCLUSIONS

Many factors can affect tone reproduction of the developed graphics, ranging
from the yield of the inks used, interaction with the base glaze, firing temperature,
and printing resolution. All these factors need be to taken into account in deve-
loping appropriate profiles for each situation and applying them correctly in the
design phase.

The paper presents the results of printing curve linearisation using devoted
software.
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The fact that four-colour printing is being simulated when the inks do not
represent the actual primary colours (cyan, magenta, yellow, and black) poses a
series of problems when colour management is directly transferred, without any
preliminary adaptation, to the ceramic sector. Work is currently on-going in this
sense, creating profiles not just for four-colour printing, but also for multi-channel
printing with the colours that are actually used.
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