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(54) Automatic printing parameters adjustment and control method

(67)  The present invention relates to an automatic
method of setting and controlling print parameters which
allows selecting, from a database, initial settings that are
close to the final settings for a printer, said settings being
dependent on the print speed and being obtained by an
expert system by means of analyzing the characteristics
of the digital file containing information about the job to
be printed, and carrying out test prints ata variable speed,
for automatically detecting print errors depending on the
print speed, and the settings necessary for each speed,
generating final settings dependent on the print speed
that allow printing at any speed without having to carry
out new print tests. The method also allows determining
a maximum print speed at which printing can be carried
out without errors.
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Description
Technical Field

[0001] The present invention relates to an automatic
method of setting and controlling print parameters for
printers that are provided with multiple printing groups,
which allows carrying out a first printing with initial set-
tings very close to the optimal settings, in addition to al-
lowing constant supervision of the printing quality for a
range of print speeds, and the determination of the max-
imum print speed, all this controlled by an expert system.

State of the Art

[0002] The use of an expert system for comparing cap-
tured images of a printed product with a digital file with
information about the job to be printed (hereinafter, digital
file) for determining the corrections in the settings of the
printer that are necessary to eliminate print errors or de-
viations is known in the state of the art. An example of
this method is patent application ES2395182.

[0003] DocumentUS7059245B2 also discloses a sys-
tem capable of implementing initial inking settings close
to the optimal settings based on analyzing the digital file
and correcting said settings depending on an analysis of
the actual results of print tests, and furthermore includes
the possibility of storing the settings considered as opti-
mal after this iterative job to be used as initial settings for
future print jobs. This document only contemplates the
setting for inking and not other parameters, and it does
not contemplate carrying out that analysis or setting for
a range of print speeds.

[0004] Document JP2001328235 describes a method
which is very similar to the preceding method, but without
the initial digital file analysis and it has the same limita-
tions.

[0005] Document JPH01306246 discloses said initial
digital file analysis and the implementation of initial set-
tings, without specifying them, in the printer. In this prior
art document, the final settings obtained are stored for
improving the initial settings of future jobs.

[0006] Another related document is the prior art docu-
ment US2011222123 which describes a method accord-
ing to which a digital document is analyzed for extracting
some of its characteristics, templates having character-
istics that are identical or similar to those extracted are
then searched for in a database, and the settings saved
as optimal settings are used for the selected template as
the initial settings for printing the digital file, therefore only
a few final settings are necessary for obtaining a quality
print.

[0007] These prior art documents do not contemplate
the possibility of carrying out the setting in real time with
avariable print speed, or the possibility of the expert sys-
tem being capable of determining a maximum speed at
which printing can be carried out without impairing the
print quality.
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[0008] On the other hand, document US2011315036
describes a method for keeping the tension of a print
substrate on which printing is carried out constant, which
substrate in the case of this prior art documentis a flexible
web material. The print speed is changed and the tension
of the print substrate is analyzed in the first step of testing;
based on the data obtained an optimal operating speed
is calculated. This case contemplates the possibility of
carrying out a step of testing during which an optimal
print speed for maintaining the tension of the print sub-
strate is empirically determined, but it does not contem-
plate the possibility of carrying out settings in other print
parameters, or of determining the optimal speed based
on the print quality, or based on the corrections that can
be obtained by setting those other print parameters. This
prior art document therefore determines an optimal print
speed for maintaining the tension of the print substrate,
but not an optimal speed that is related to or allows main-
taining the print quality, such that it solves a different
problem based on different data.

[0009] The foregoing and other drawbacks are solved
in the invention described below.

Brief Description of the Invention

[0010] The present invention provides an automatic
method of setting and controlling printers provided with
multiple printing groups, such as flexographic, offset or
rotogravure printers, for example. Said method starts
from at least one digital file which contains at least the
information about the job to be printed and which can
optionally further contain non-printable information, such
as, for example, information about the colors to be used,
to the mixtures of colors necessary for obtaining the
colors to be used, or to the print substrate on which print-
ing must be carried out. Said print substrate will prefer-
ably, though in a non-excluding manner, be a flexible
web material.

[0011] An expert system determines initial print set-
tings that will be used for configuring some of the print
parameters in an initial printing by means of operating
setting actuators controlled by said expert system, said
setting actuators being integrated in the printer and con-
trolling some of its print parameters. Said initial settings
are determined based on the information contained in
said at least one digital file and/or on the information con-
tained in a database. Said expert system could also be
a fuzzy logic or heuristic system.

[0012] The expert system can analyze the digital file
for extracting some of its characteristics which can influ-
ence the settings necessary for printing, such as, for ex-
ample, the proportion of surface printed with each color,
the percentage of coverage, the colors used as a base,
the color hues required, the print substrate base required,
the print sleeves required or the order thereof, the print
motif or design, the print pressures required, the desired
ink viscosity, the color density required, etc. After that
analysis, the expert system searches in the database for
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stored previous jobs which had similar or identical char-
acteristics. Based on that search the expert system can
use the final settings obtained in similar previous jobs as
the initial settings of the present job after applying the
present method of setting and controlling, thus achieving
an initial printing that requires few additional settings or
none at all.

[0013] If the expert system finds an identical previous
job or a job with differences that are below certain pre-
established values, it can determine that a step of initial
printing is unnecessary and can directly implement the
settings of the previous job as the final settings of the
current job to start production, otherwise, it will use said
settings of the previous job as the initial settings of the
current job and the initial printing will start after the im-
plementation thereof.

[0014] Said settings determined by the expert system
are dependent on the print speed, the setting values will
vary depending on the print speed variable. Therefore,
it may be, for example, a range of initial settings, or a
formula having the print speed as a variable, a curve, or
a table. By way of example, said settings can affect any
one or several of the following parameters: the ink color,
the pressure of the print rollers, the print sleeves used or
the order thereof, the inking of each color, the drying of
the ink or the tension of the print substrate on which print-
ing is carried out, the print motif.

[0015] Theinitial settings are implemented for an initial
print speed, and an initial printing of the content of the at
least one digital file or of a part thereof on the print sub-
strate is carried out. The initial printing is carried out at
different speeds with the initial settings adapted to the
print speed used at all times as a result of the automatic
operation of the setting actuators controlled by the expert
system.

[0016] At least one sensor acquires relevant informa-
tion about the print job carried out for each print speed
and transmits said relevant information to the expert sys-
tem which compares it with the at least one digital file,
with parts thereof, and/or with the database. Based on
this comparison, the expert system detects print devia-
tions and/or errors, or the absence thereof, for example,
those relating to the register, color, color saturation, size
of print dots (a phenomenon known as dot gain), the lack
or surplus of ink, the mixture of colors due to inadequate
drying, print deformation due to an incorrect tension of
the print substrate, excessive or inadequate pressure of
the printrollers, erroneous ink viscosity, wrong color den-
sity, etc.

[0017] Once the printdeviations or errors are detected,
the expert system automatically calculates new print set-
tings correcting said deviations or errors for those speeds
at which said errors or deviations occurred.

[0018] By way of non-limiting example, these new set-
tings relate to correcting the pressure of the print rollers,
the inking of each color, the ink color, the color saturation
in the ink, the drying of the ink, the tension of the print
substrate, the dot gain correction, the ink viscosity, the
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color density and/or the register of one color with respect
to others.

[0019] These new settings can be subjected to a new
print test, restarting the method in an iterative manner
until achieving optimal printing, or they can be used di-
rectly as the final settings for a job. If deviations or errors
were not detected during the tests with the initial settings,
said initial settings will be used as the final settings.
[0020] Boththerelevantdata gathered during the initial
printing or printings and the new calculated settings are
stored in the database, linking them with the initial set-
tings used and with the characteristics of the digital file
used, such that a previous job which had similar charac-
teristics can be located in the database for subsequent
jobs, and both the initial settings that did not result in
errors and the settings that resulted in errors, as well as
the final settings that correct said errors, can be allowed.
[0021] The expert system therefore gradually broad-
ens its knowledge based on the experience stored in the
database, and therefore it gradually improves the initial
settings such thatfew or noinitial printings are necessary
if one and the same job already printed previously or a
very similar job is repeated. The data gathered by a spe-
cific printer can be stored locally or can be shared by a
plurality of printers, and the database can be physically
located in a printer or implemented in a remote server
which can be centralized in a single physical server or
be distributed and shared by means of a digital cloud.
[0022] The setting actuators carrying out the print set-
tings are controlled by the expert system, and their range
of action is limited by a maximum limit and a minimum
limit established by a physical or mechanical limitation,
and once one of these limits is reached further settings
beyond such limit cannot be carried out.

[0023] The expertsystem usesthe information extract-
ed from the digital file, the database, and the information
provided by the atleast one sensor during the initial print-
ing or printings for determining a maximum print speed
at which the printer can print the actual digital file without
there being print deviations or errors that cannot be cor-
rected with the additional settings of one of the parame-
ters that can be influenced by the expert system.
[0024] In other words, the print speed cannot be in-
creased if said increase in speed leads to a print deviation
or error that requires an additional setting of a setting
actuator that has already reached its upper and lower
limit.

[0025] For example, if the size of the print dot is re-
duced below the desired size upon increasing the speed
and the inking has to be increased or the pressure of the
rollers has to be increased to compensate for said reduc-
tion in the size of print dots, and said two settings have
already reached their limit, the print speed cannot be in-
creased any further.

[0026] As can be seen in the preceding example, one
and the same error can sometimes be corrected by car-
rying out two different settings or with a joint setting of
both. The expert system can assess the different options
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and chose the most suitable option at all times, in this
example, increasing inking will increase ink consumption
and will require an increase in drying, whereas an in-
crease in the pressure of the roller will not have these
consequences, so this option will be chosen as it is more
economical.

[0027] Atfter the initial printing or printings, the expert
system determines the final production settings for a
range of speeds and a maximum speed that could be
used as the production speed, and stores this information
in the database.

[0028] As a result of this method, said optimal produc-
tion speed can be optimized, reaching greater speeds
than with conventional setting systems and maintaining
the quality, thus achieving better equipmentuse and sub-
sequent cost reduction. Furthermore, it enables chang-
ing the production speed without having to carry outinitial
setting printings again since the setting values for differ-
ent speeds are already available, and said settings can
be automatically implemented in real time without stop-
ping production.

[0029] The present method is preferably applied to a
flexographic printer, an offset printer or a rotogravure
printer, having a central drum with a number of printing
groups that have said print rollers.

[0030] Otherfeatures of the invention will be described
in the following detailed description of an embodiment.

Brief Description of the Drawings

[0031] The foregoing and other advantages and fea-
tures will be better understood from the following detailed
description of an embodiment in reference to the at-
tached drawings which must be interpreted in an illustra-
tive and non-limiting manner, in which:

Figure 1 shows a diagram of the processes forming
thefirst step of the method in which the expert system
analyzes the digitalfile for extracting some of its char-
acteristics and comparing them with the information
contained in the database in search of a previous
job having similar characteristics for obtaining the
final optimal settings thereof; boxes with a dotted line
represent processes or actions, and boxes with a
continuous line represent devices or information
packets; and

Figure 2 shows a diagram of the processes forming
the following steps of the proposed method in which
the initial settings are implemented in the printer by
the setting actuators after which initial printings are
performed with variable speeds, and where sensors
analyze both the process and the result to detect
deviations or errors to enable obtaining final produc-
tion settings; boxes with a dotted line represent proc-
esses or actions and boxes with a continuous line
represent devices or information packets.
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Detailed Description of an Embodiment

[0032] Accordingtoapreferred embodimentdescribed
in Figure 1, the proposed method has a first step in which
a pre-printing digital file is supplied to the expert system
which analyzes same to extract relevant information re-
lating to the characteristics of said digital file; some of
this information can be non-printable information stored
together with the printing patterns within the digital file.
This analysis allows obtaining information about the pro-
portion of surface printed with each color, the percentage
of coverage of the support, the colors used as a base,
the color hues required, the size of the print dot required,
the print substrate base required, the print sleeves re-
quired, the print motifs or designs, the pressure of the
print rollers required, the ink viscosity required, the de-
sired color density, etc.

[0033] After that analysis, the expert system searches
in a database for a previous job that had characteristics
thatare identical or similar to the characteristics extracted
from the digital file of the current job. According to the
present embodiment, said database is located in a re-
mote server which is remotely accessed. Said remote
server is centralized in a single centralized physical serv-
er, but in another embodiment, it is a server distributed
in the digital cloud keeping the data distributed among a
plurality of non-centralized physical servers. Said remote
server contains data provided by a plurality of printers.
[0034] Once asimilar previous job is located, print set-
tings stored together with said similar previous job which
were accepted at that time as optimal settings are ac-
cessed. Said settings relate to printer parameters that
can be automatically controlled by the expert system by
means of setting actuators, and they relate to the pres-
sure of the print rollers, the inking of each color, the ink
color, the color saturation in the ink, the drying of the ink,
the tension of the print substrate and the register of one
color with respect to others.

[0035] As shown in Figure 2, the expert system then
implements the settings provided by the database in the
printer by means of said setting actuators, using them as
the initial print settings for the current print job.

[0036] A certain number of initial printings are carried
out on a print substrate using a variable print speed, start-
ing in this embodiment with a lower speed and gradually
increasing it to a greater speed.

[0037] A first assembly of sensors monitors different
relevant printer parameters and environmental parame-
ters, and a second group of sensors monitors the print
substrate once it has been printed, obtaining relevant
information about the job carried out; said sensors of the
second group of sensors are preferably optical sensors,
and the relevant data obtained are images of the print
substrate. All the relevant data obtained with these sen-
sors are analyzed in real time by the expert system which
compares such data with information from the digital file
and with information from the database, for detecting
possible print errors or chromatic deviations at all or at
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one of the print speeds. The possible errors that are an-
alyzed by the expert system are errors in register, color,
saturation, the size of print dots (also called dot gain),
the lack or surplus of ink, mixture of colors due to inad-
equate drying, print deformation due to an incorrect ten-
sion of the print substrate, incorrect pressure of the print
rollers, incorrect ink viscosity, or erroneous color satura-
tion.

[0038] Once said errors or deviations are detected, the
new corrective print settings which allow eliminating the
detected deviations or errors and can be implemented
by the setting actuators are then calculated by means of
information contained in a database and/or by means of
algorithms. These new settings relate to correcting the
pressure of the print rollers, the inking of each color, the
ink color, the color saturation in the ink, the drying of the
ink, the tension of the print substrate, correcting the dot
gain, theink viscosity, the color density and/or the register
of one color with respect to others.

[0039] Forexample, ifa color has excessive saturation
with a certain print speed a solvent can be added to the
ink of that color; if the print dot is too small the pressure
of the rollers can be increased; or if there is an error in
register one print roller can be moved with respect to the
others.

[0040] These new settings are implemented and a new
printing can be carried out to check the results or to use
said new settings as the final production settings. Fur-
thermore, one can choose to prevent printing at the speed
at which said deviation or error occurs and to limit the
range of print speeds.

[0041] This printing operation, monitoring with sensors
relevant information about the printing for analyzing and
calculating corrections, can be repeated in an iterative
manner until achieving an error-free and flawless print-
ing.

[0042] This method provides variable optimal settings
that are dependenton the print speed, and also the typical
errors detected at each speed, all related to the specific
characteristics of a pre-printing digital file. All this gener-
ated information is stored in the database for optimizing
subsequent printings, which provides training for the ex-
pert system that reduces the need for initial printings.
[0043] The setting actuators have an operating range
comprised between a minimum setting and a maximum
setting due to physical or mechanical limitations. The ex-
pert system corrects the deviations or errors by carrying
out the settings with said setting actuators within said
operating range, but if a setting outside of this operating
range of one of the setting actuators is required in order
to make a correction for a certain speed, it would not be
possible to carry out same. In such case the expert sys-
tem would determine the speeds at which error-free print-
ing could be not be carried out, and would therefore de-
termine a maximum speed at which error-free printing
can be carried out. That information is also stored in the
database.

[0044] Some of the errors or deviations can be correct-
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ed by means of setting different setting actuators. In this
case, the expert system determines the possible or the
most desirable settings.

[0045] As a result of this method, the expert system
generates specific final settings for each speed of the
tested range of speeds. This allows changing the print
speed once the production phase is started without
changing the print quality as a result, since the settings
necessary for keeping the quality constant with variable
print speeds can be implemented.

Claims

1. An automatic method of setting and controlling print
parameters for printers which includes:

« automatically determining, by means of an ex-
pert system, optimal initial print settings based
on the information contained in a database;

* implementing said initial settings in the flexo-
graphic printer by means of setting actuators
controlled by the expert system;

« carrying out an initial printing, on a print sub-
strate, of the information contained in the atleast
one digital file, orin a part thereof, with said initial
settings implemented;

* acquiring relevant data from the result of said
printing or from parts thereof by means of atleast
one sensor;

« analyzing, by means of the expert system, the
acquired relevant data based on the information
contained in the said at least one digital file, with
parts thereof and/or with data contained in said
database;

+ detecting print errors and/or deviations by
means of said analysis;

« the expert system calculating based on said
analysis and detection new print settings nec-
essary for correcting the detected errors and/or
deviations;

* implementing said new settings in the printer
by means of the setting actuators;

« storing the information obtained in said data-
base for improving the initial settings of subse-
quent printings;

characterized in that

« said information for the initial settings is select-
ed in said database from a comparison with data
extracted from a digital file or from a part thereof
« the print settings determined by the expert sys-
tem are dependent on the print speed;

« said print settings would vary adapting to said
print speed, which is modified during one or
more initial printings under the control of the ex-
pert system for a range of print speeds;

« the detection of the print errors and/or devia-
tions is carried out by the expert system for each
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speed of said range of print speeds used; and
« the optimal settings for each speed obtained
during the initial printings are stored in the da-
tabase, linking said optimal settings with each
print speed and with the characteristics of the
pre-printing digital file used.

The method according to claim 1, characterized in
that the step of acquiring data includes acquiring
relevant data about the printer’'s job during printing
and/or environmental data.

The method accordingto claim 1 or 2, characterized
in that the expert system determines a maximum
print speed beyond which the settings of the setting
actuators do not allow correcting the print errors or
defects detected by the expert system.

The method according to any one of the preceding
claims, characterized in that the optimal initial print
settings are obtained by searching among previous
jobs existing in the database having characteristics
similar to the current job contained in the digital file.

The method according to claim 4, characterized in
that the characteristics that are analyzed in said dig-
ital file for determining the similarity between a cur-
rent job and a previous job is at least one of the fol-
lowing:

« the proportion of surface printed with each
color;

« the percentage of coverage;

« the colors used as a base;

* the color hues required;

* the print substrate required;

« the print sleeves required;

« the size of the print dot required;
* print motif (design);

* pressures;

* viscosities;

« color density.

The method according to any one of the preceding
claims, characterized in that the print deviations
and/or errors examined by the expert system com-
prise at least one of the following aspects:

* register;

« color;

« saturation;

« the size of print dots or dot gain;

* pressures;

* viscosities;

« color density;

* lack or surplus of ink;

* mixture of colors due to inadequate drying;

« print deformation due to incorrect tension of
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10.

1.

12.

the print substrate.

The method according to any one of the preceding
claims, characterized in that the settings carried
out in the printer by the expert system by means of
controlling setting means is carried out on at least
one of the following parameters:

« the pressure of the print rollers;

« the inking of each color;

» the ink color

» the color saturation in the ink

« the drying of the ink;

« the tension of the print substrate;
« the register;

* dot gain;

* viscosities;

« color density.

The method according to any one of the preceding
claims, characterized in that said at least one sen-
sor is an optical sensor and/or a spectrometer.

The method according to any one of the preceding
claims, characterized in that said capturing of rel-
evant data from the result of the printing includes
capturing data about solvent retention by means of
a gas analyzer.

The method according to any one of the preceding
claims, characterized in that the database is a re-
mote database and stores data from a plurality of
printers.

The method according to claim 10, characterized
in that said remote database is implemented in a
remote server, which is centralized in one and the
same physical server, or distributed between a plu-
rality of physical servers forming a digital cloud.

The method according to any one of the preceding
claims, characterized in that the printer is a printer
selected from a flexographic printer, an offset printer
or a rotogravure printer.
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