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(57)  An apparatus for checking printed sheets, com-
prises means of optical detection (10), mounted imme-
diately upstream of the production station (7) of a
machine performing a subsequent phase of production
of the sheet (5), for detecting the images of groups
(20a,20b) of reference signs (21a-23a,21b-23b) suitably

Apparatus and method for checking pri

nted sheets

printed on the sheets (5). It is provided a processing
device (14) that allows of displaying the images of the
reference signs and of determining the deviation of
them with respect to a preset position.
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Description

The present invention relates to an apparatus and a
method for checking printed sheets which must be sub-
jected to subsequent phases of production, such as die-
cutting, embossing, painting, gluing and the like.

An example of application of the present invention
is the manufacture of cardboard boxes (or made from
other similar material) from a flat sheet which is printed
and subsequently die-cut. The sheet thus obtained is
then cut to give a plurality of portions comprising the
various elements of the box, e.g. the walls, the fixing
flaps and similar.

Currently, an initial check on the production method
is carried out by examining a pre-determined sample of
sheets coming out of the printing machine. For instance,
the multiple-colour images require the subsequent print-
ing of the prints corresponding to each colour. There
may be errors of alignment between the prints of the
various colours, for instance an unwanted overlap of the
colours, that could be caused by the tolerances inherent
in the printing machines or by deformations of the sheet
subjected to the printing of the preceding imprints.

To verify the mutual alignment of the printed col-
ours, the printing of each colour makes a series of thin
crossed lines in the corners of the printed sheet, in such
a way as to superimpose the subsequently printed lines
from each imprint. The visual examination of each
"cross” in the corner of the sheet reveals whether the
printing of the colours, and particularly their alignment,
is correct. Of course, in large-scale industrial produc-
tion, a similar check could not be done on all the sheets
printed, but only on those in the sample.

Another important factor is a check on the presence
of all the imprints corresponding to each colour. In some
cases, like for instance that of the containers destined
for the pharmaceutical industry, it is necessary to
ensure that each colour is really transferred to the sheet
in the printing phase. The complete absence of the
imprint of any one of the colours, for instance the red
colour with which the instructions and the information to
the public are printed, could constitute a serious risk for
the consumer.

The sampling check allows slowdowns in produc-
tion to be avoided, but doesn't ensure the same quality
for all the printed sheets or the presence of all the
imprints of the printed colours on all the sheets.

Besides, in the case in which the printed sheets are
then subjected to subsequent processes, further
defects could occur - due for instance from the afore-
mentioned deformations of the sheet or from incorrect
introduction of the sheet into the workstation. Therefore,
if an high level of productivity is to be maintained, the
check on the printed sheets coming out of the machines
after subsequent processes must be done by sampling.
As has already been mentioned, that does not guaran-
tee a good level of quality of the printed sheet, and does
not even guarantee a level of quality conforming to the
contractual requirements of the final product produced
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by this work procedure.

According to the known technique, it is therefore
very difficult to get a finished or semi-finished product of
high quality and at the same time maintain a high rate of
production.

One object of the present invention is to provide an
apparatus that allows precise and reliable checking of
the printed sheets, assuring in particular a check on the
presence of each imprint on all the sheets.

Another object of the present invention it is that of
providing an apparatus that enables, without exception,
a check on all the printed sheets subjected to subse-
quent phases of production without slowing down the
normal rate of production.

A further object of the present invention is to pro-
vide an apparatus that enables the printed sheets to be
checked between the subsequent phases of production.

These objects are achieved by the present inven-
tion, which relates to an apparatus for checking printed
sheets subjected to subsequent phases of production,
characterized by comprising: means of optical detec-
tion, mounted to a machine that performs a subsequent
phase of production upstream of the production station,
and act to generate an electric signal representing a
plurality of printed images in pre-set positions on each
of the sheets; means for generating an electric signal of
synchronization with the movements of the machine; at
least one processing device to method the signals com-
ing from the means of optical detection and the synchro-
nizing means; and interface means to allow the
exchange of signals at least between the processing
device, the means of optical detection and the synchro-
nizing means, so as to detect the positions of the
images on each of the sheets fed into the machine that
performs a phase of production subsequent to the print-
ing.

Thus, a single check s sufficient to reveal defects in
the printing, i.e. misalignment of the colours, as well as
possible errors of alignment of the sheet going into the
production station.

It is also evident that the apparatus according to the
invention allows the presence of each imprint on all the
sheets previously printed to be checked in a secure way.

According to an advantageous aspect of the inven-
tion, the apparatus comprises means for applying an
identification element to a sheet coming out of a
machine that performs a phase of production subse-
quent to the printing. For instance, in the case in which
any defect is detected on the sheet, it is possible to
apply a label to the same sheet, for instance in a pro-
jecting position, to identify it easily and separate it from
the rest of the sheets.

In particular, the means of optical detection are
mounted above a plane of transit of the sheets along the
machine that performs a subsequent phase of produc-
tion, in correspondence with a position in which the
sheet is stopped before being inserted into the produc-
tion station.

That allows the quality of the sheet to be checked
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without slowing down the production rate of the
machine.

The means of optical detection are mounted in a
sliding manner on guides parallel to the plane of transit
of the sheets, and they comprise at least one fixing
device to allow correct positioning along the guides. The
means of optical detection further comprise at least one
device of regulation of the focal distance with respect to
the plane of transit to allow the correct focusing of the
images on the sheets in each case.

Such means of optical detection employs preferably
two charge coupled type image detectors (CCD), for
each of which a source of ultraviolet light is provided. In
this way even images printed with clear colours can be
detected with high precision.

Furthermore, the invention concerns a method for
checking printed sheets to be subjected to subsequent
phases of production, comprising the steps of:

printing the sheets including at least two groups of
reference signs, each group of signs comprising at
least one reference sign for each of the printed col-
ours on the sheets;

feeding the printed sheets to a machine that per-
forms a phase of production subsequent to that of
printing;

generating a synchronizing signal to enable means
of optical detection arranged on said machine;
detecting the image of the reference signs on each
of the sheets in correspondence with a position in
which each of the sheets is stopped before being
inserted into the production station;

sending the signal generated by the means of opti-
cal detection to a processing device; and
determining and signalling the deviation of the ref-
erence signs with reference to the correct printing
position of the signs on the sheet and of correct
alignment of the sheet entering the production sta-
tion.

The method advantageously comprises the appli-
cation of an identification element to a sheet coming out
of the machine in the case where the sheet is found to
have an image in which at least one of the reference
signs is misplaced with respect to the pre-set position
by more than a pre-set distance.

The reference signs are preferably grouped in two
printed groups near to the longitudinal opposite edges
of each sheet, in position substantially central with
regard to the total length of the edges. That allows an
effective determination of whether the position of the
imprint of each colour, independently of the others, is
within a preset tolerance for that particular colour.

Each of the groups comprises at least one refer-
ence sign for each of the printed colours on the sheet, in
order to verify the presence of all the colours.

Further advantages and characteristics of the
invention will be more evident from the description that
follows, which is illustrative and not limiting, with refer-
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ence to the schematic drawings attached, in which:

- Figure 1 is a side elevation view of a die-cutting
machine equipped with an apparatus according to
the invention;

- Figure 2 is a plan view of the machine equipped
with an apparatus according to the invention, with
some sheets arranged in accordance with the var-
ied phases of the production cycle;

- Figures 2A and 2B are enlarged views of some
details of Figure 2; and

- Figure 3 is a representation of a possible display
that is presented on the monitor connected to the
processing device.

Figures 1 and 2 show a die-cutting machine 1 com-
prising a store 2 in which it is stored a stack 3 of printed
sheets that must be die-cut. Downstream of the store 2
a feeding device 4 is arranged, provided with known
means (not shown) of withdrawing the sheets 5, 5’ from
the stack 3 and sending them along a plane of transit 6
to the subsequent die-cutting station 7. The sheets 5"
leaving the die-cutting station 7 are transferred on a
stack 8 placed in a collection bin 9 for die-cut sheets.

The apparatus according to the invention com-
prises a pair of image detectors 10, for instance of the
charge coupled type, that are mounted in a sliding man-
ner on respective guides 11 and that could be fixed in
position with suitable means of known type. The guides
11 are substantially parallel to the plane of transit 6 of
the sheets 5, 5' that flow between the store 2 and the
die-cutting station 7.

A source of ultraviolet radiation (not shown) is
linked to each of the image detectors 10 to allow an
effective reading also of the clearer colours. Further-
more, the image detectors 10 comprise preferably at
least one device of regulation of the focal distance with
respect to the plane of transit 6 of the sheets 5 and 5'.

With the die-cutting machine 1 it is also provided a
synchronizing device 12 that allows to generate an ena-
bling signal of the reading at the moment in which a
sheet 5’ is in position of reading under the image detec-
tors 10. The synchronizing device 12 could be realized
for instance with a proximity sensor arranged in a suita-
ble position, or also with a disk encoder mounted on a
rotating shaft of the die-cutting machine 1. In any case,
the synchronizing device 12 must be predisposed so as
to generate an electric enabling signal for the image
detectors when a sheet 5' transits in the pre-set posi-
tion.

It is particularly advantageous to effect the reading
of the underlying images in a point in which the sheet 5’
is stopped before being inserted in the die-cutting sta-
tion 7. In this way it is therefore possible to check the
sheet without slowing down the cycle of production of
the die-cutting machine 1.

The signal generated from the synchronizing
device 12 and the signals deriving from the image
detectors 10 are addressed to a processing device 14
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through an interface unit 13.

Downstream of the die-cutting station 7, there are
preferably provided means for applying an element of
identification on a sheet 5" that comes out of the die-cut-
ting machine 1. Indeed, if a printed and die-cut sheet 5"
is considered not in conformity with the requirements of
production, it can be identified, for instance, by means
of a label 16 (Figure 2) applied on an edge or an angle
of the sheet in order to allow the immediate identifica-
tion also after the end of the complete cycle of produc-
tion.

The method according to the invention involves,
during the usual operations of printing of the images on
the sheets, also the printing of at least two groups of ref-
erence signs, indicated with 20a and 20b in Figure 2, in
correspondence of the opposite edges of each sheet 5.

As shown in the magnified views of Figures 2A and
2B, each group of signs 20a and 20b comprises a refer-
ence sign 21a-23a, 21b-23b for each of the printed col-
ours on the sheet.

In the example shown, there has been represented,
for sake of simplicity, the reference signs for a printing of
three colours, and the signs are schematically repre-
sented by points. However, it should be pointed out that
the reference signs could have any other suitable
shape, and they could be provided in a greater or
smaller number on the base of the colours that must be
printed on the sheet.

During some experimental tests, printed sheets
with twelve colours have been used, the reference signs
having been grouped in groups of six colours each on
the longitudinal opposite edges of the sheet.

The printed sheets 5 thus predisposed are there-
fore fed to the die-cutting machine 1 that withdraws
them from the stack 2 in the store 3 and addresses
them, with intermittent movement, along the plane of
transit 6, to the die-cutting station 7. When a sheet 5',
during his intermittent movement, is stopped temporar-
ily before entering the die-cutting station 7, that is in the
position in which the groups of signs 20a and 20b are
placed below the image detectors 10, the device 12
generates a synchronized signal that enable the read-
ing of the detectors 10.

The images of the reference signs 21a-23a, 21b-
23b are thus detected and transmitted under form of
electric signals to the processing unit 14 through an
interface unit 13 that can also be housed inside of the
processing unit itself.

The processing unit, for instance consisting of a
central unit, a monitor 25, a keyboard and/or a mouse,
is equipped with a program that allows to receive the
images transmitted from the image detectors 10 and
display them on the monitor 25.

An example of the images displayed on the monitor
25 is shown in Figure 3, in which the views of the refer-
ence signs 21a-23a and 21b-23b are represented. Each
of these signs is surrounded by a small circle 26 identi-
fying the area of the maximum accepted deviation with
respect to a pre-set position for each reference sign.
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The program allows to determine the detected devi-
ation for each sign with respect to the position of correct
alignment of the sheet 5' in the die-cutting station 7.

That allows therefore to effect on the same time the
verification of the presence of all the imprints of different
colours, the check of the mutual alignment of the
imprints of different colours, as well as the check of the
correct alignment of the sheet entering in the die-cutting
station. Furthermore, the deviations of the position of
each sign with respect to the expected position can be
detected in any case, thus allowing to display and/or
store in a memory at least the relevant data of the devi-
ations detected during the operation of the die-cutting
machine 1.

The computer is also assigned for the control of the
device 15 that allows to apply an identification element
16 on a sheet coming out of the die-cutting station 7,
when it is detected an image in which at least one of
said signs of this sheet is misplaced with respect to the
expected position for a distance larger than a pre-set
distance. With reference to Figure 3, if only one of the
reference signs 21a-23a, 21b-23b intersects the corre-
spondent circle 26 that should contain it, or it is out from
the circle, this anomalous condition is detected and
stored in memory and, in the case in which the device
15 is provided, it is applied an evident identification
mark, for instance a label or the like, on the sheet com-
ing out of the die-cutting station 7.

The positions and dimensions of the circles 26 are
determined during the starting phase of the die-cutting
machine 1. Atfirst, a pre-set number of correctly printed
sheets is selected, for instance from five to twenty
sheets on the base of the required precision of working.

These sheets are fed to the die-cutting machine in
such a manner to allow the regulation of the position of
the image detectors 10 along the respective guides 11,
and the regulation of the focal distance of the detectors
10 with respect to a sheet 5, 5' disposed on the plane of
transit 6. It is therefore also detected the position of the
reference signs 21a-23a, 21b-23b with respect to the
shot of the detectors, that is with respect to the system
of reference integral with the die-cutting machine, to
allow the statistic calculus of the position of the refer-
ence signs on the sheets 5'. They are therefore calcu-
lated the dimensions of the maximum deviation of each
reference sign on the base of the desired working toler-
ances.

Furthermore, the program is able to classify the
type of each anomaly detected on the printed sheet to
allow the identification of the machine that provoked this
anomaly. In fact, the apparatus according to the inven-
tion can be applied between each pair of machines car-
rying out subsequent productions to the printing. In this
case, it is again possible to easily identify the machine
that has provoked possible anomalies of production of
the sheet. In Figures 2 and 3, the reference signs 21a-
233, 21b-23b have identical dimensions and are spaced
each for a same length with respect to an adjacent sign,
as well as the circles 26. However, on the base of the
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alignment between the different colours or on the base
of the different tolerances of production, the positions of
the reference signs 21a-23a, 21b-23b and the dimen-
sions of the relative circles 26 within which they must be
contained, can of course be different.

Claims

1. Apparatus for checking printed sheets that must be
subjected to subsequent phases of production,
characterized by comprising: means of optical
detection, mounted upstream of the production sta-
tion on a machine performing a subsequent phase
of production, and act to generate an electric signal
representing a plurality of printed images in pre-set
positions on each of said sheets; means for gener-
ating an electric signal of synchronization with the
movements of said machine; at least one process-
ing device to method the signals coming from said
means of optical detection and said synchronizing
means; and interface means to allow the exchange
of signals at least between said processing device,
said means of optical detection and said synchro-
nizing means, so as to detect the positions of said
images on each of said sheets fed to said machine.

2. Apparatus according to claim 1, characterized by
comprising means for applying an identification ele-
ment to a sheet coming out of said machine.

3. Apparatus according to claim 1 or 2, characterized
in that said means of optical detection are mounted
above to a plane of transit of the sheets along said
machine, in correspondence of a position in which a
sheet is stopped before being inserted in said sta-
tion of production.

4. Apparatus according to any one of claims 1 to 3,
characterized in that said means of optical detec-
tion are mounted in a sliding manner on guides par-
allel to the plane of transit of said sheets, and that
said means of optical detection comprise at least
one fixing device on said guides.

5. Apparatus according to any one of claims 1 to 4,
characterized in that said means of optical detec-
tion comprise at least one device of regulation of
the focal distance with respect to said plane of tran-
sit.

6. Apparatus according to any one of the preceding
claims, characterized in that said means of optical
detection consist of at least two image detectors of
the charge coupled type.

7. Apparatus according to claim 6, characterized by
comprising a source of ultraviolet light joined with
said image detectors.
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8.

Apparatus according to claim 1 or 2, characterized
in that said processing device comprises a central
unit, a monitor, a keyboard and/or a mouse, said
central unit running a program for carrying out the
following functions: detecting and displaying the
images received from said means of optical detec-
tion; determining and signalling the deviation of
said images with respect to the position of correct
alignment of the sheet in said station of production;
displaying and storing at least the data relevant to
the deviations during the operation of said machine;
and operating said means for the application of an
identification element on a sheet coming out of said
machine in the case in which, for said sheet, a devi-
ation larger than a pre-set tolerance is detected.

Method for checking printed sheets to be subjected
to subsequent productions, comprising the steps of:

printing said sheets including at least two
groups of reference signs, each group of signs
comprising at least one reference sign for each
of the printed colours on said sheets;

feeding said printed sheets to a machine that
performs a subsequent phase of production to
that of printing;

generating a synchronizing signal to enable
means of optical detection arranged on said
machine;

detecting the image of said reference signs on
each of the sheets in correspondence with a
position in which each of said sheets is stopped
before being inserted into the production sta-
tion of said machine;

sending the signal generated by said means of
optical detection to a processing device; and
determining and signalling the deviation of said
reference signs with reference to the correct
printing position and to the correct alignment
position of the sheet entering the production
station.

10. Method according to claim 9, characterized by com-

11.

prising the application of an identification element
on a sheet coming out of said machine in the case
where said sheet is found to have an image in
which at least one of said signs is misplaced with
respect to the pre-set position by more than a pre-
set distance.

Method according to claim 9, in which at the start-
ing of said machine there are provided the steps of:

selecting a pre-set number of sheets that result
correctly printed;

feeding said sheets to said machine;
regulating the position of said means of optical
detection along the respective guides in corre-
spondence with the pre-set positions of read-
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ing;

regulating the focal distance of said means of
optical detection with respect to the plane of
transit of said sheets;

detecting the position of said reference signs
on each of said selected sheets for calculating
statistically the position of each of said signs;
and

setting the dimensions of the maximum devia-
tion of each reference sign on the base of the
desired tolerances of production.

Method according to claim 9, characterized in that
said groups of signs are printed near to at least two
opposite edges of each sheet.

Printed sheet for carrying out the method according
to any one of claims 9 to 12, characterized by com-
prising at least two groups of printed signs in prox-
imity of at least two opposite edges of each sheet.

Printed sheet according to claim 13, characterized
in that said groups of signs are arranged in a sub-
stantially central position with respect to the total
length of said edges.

Printed sheet according to claim 13 or 14, charac-
terized in that said groups comprise at least one ref-
erence sign for each of the printed colours on said
sheet.
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