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(57) Abréegée/Abstract:
The procedure for producing a reference model for checking the printing quality of an image composed of at least two drawings
comprises the following steps: Starting with printed test sheets, the sheets are aligned so that the drawings (a1, a2) printed in a first
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(57) Abrege(suite)/Abstract(continued):

printing are In register. The Images are recorded, storing the densitometric pixel values (a10, al11, a12, a13; aZ20, a21, aZ23)
constituting the images in memory. The minimum value obtained (a10, a12) is assoclated with each pixel and the model (M) for the
first drawing Is obtained. We continue in the same way for the second drawing.
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Abstract

The procedure for producing a reference model

for checking the printing quality of an image composed
of at least two drawings comprises the following steps:

Starting with printed test sheets, the sheets
are aligned so that the drawings (al, a2) printed in a
first printing are in register. The images are recorded,
storing the densitometric pixel values (al0, all, alz,
al3d; a20, a2l, a23) constituting the images in memory.
The minimum value obtained (al0, al2) is associated with
each pixel and the model (M) for the first drawing 1is

obtained. We continue in the same way for the second

drawing.

(Fig. 1)
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DE LA RUE GIORI S.A. LAUSANNE/SWITZERLAND

PROCEDURE FOR PRODUCING A REFERENCE MODEL INTENDED TO
BE USED FOR AUTOMATICALLY CHECKING THE PRINTING QUALITY
OF AN IMAGE ON PAPER

FIELD OF THE INVENTION

The present invention relates to a procedure
for producing a reference model, by electroﬁic means,
intended to be used for automatically checking the
printing quality of an image on paper, especially for
paper securities, said image being composed of drawings

printed in at least two separate printing phases.

PRIOR ART

When checking the printing quality on paper
and especially the printing of paper securities,
electronic automatic inspection means are used which
comprise one or more black-and-white or color cameras to
capture the images to be inspected. These images consist
of matrices, usually rectangular matrices, comprising
numbers which represent the quality of the 1light
reflected, or put another way the densitometric wvalue of
the pixels into which the image is subdivided. The
number of pixels relating to an image is a function of
the resolution of the camera. In a monochrome (black and
white) system, the image is described by a single

matrix, while in polychrome systems the description
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consists of as many matrices as there are chromatic
channels used. Normally, for descriptions of the RGB

(Red, Green, Blue) type, three chromatic channels are

used.

The procedures used to carry out this type of
automatic check are based on the following schemes:

From a set of sheets regarded as being good, a
model of acceptable printing quality 1s constructed.
Various techniques are used to construct this model. For
example, from the set of sheets regarded as being good,
a kind of average image is calculated, that is to say an
image which is described by a matrix in which each pixel
is associated with the average value that it has in the
set of test sheets.

Another procedure associates each pixel with
two values, one is the minimum value which has been
attained in the set of test sheets and the other is the
maximum value. Thus, for each image, two matrices are
used, one with the minimum value and the other with the
maximum value. Of course, if an image is a polychrome
image, two matrices per color channel are obtained.

When producing the images to be 1inspected,
each pixel of the image to be inspected i1s compared with
the pixel of the model thus obtained. If the difference
exceeds a predetermined threshold value or if it 1lies
outside the minimum-to-maximum range, the pixel 1is
regarded as having a printing defect. The number of
defective pixels determines whether or not the image
will be scrapped based on the quality which it is

desired to obtain and which has been determined

beforehand.

When producing certain types of wvaluable
prints, such as paper securities, bank bills, stamps,
etc., the images are printed using various printing
techniques, such as offset, intaglio, etc. These various
types of printing we will call printing phases. Thus, in

a normal printing process, the paper firstly passes
througfl a printing system for the first phase and a

firgst drawing is apposed, and then passes through a

- 2 -
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second printing system for the second printing phase
enabling a second drawing to be apposed on the paper. In
this case, apart from the problem of printing quality,
there is also the problem of putting the drawings
printed in the different phases 1into relative register.
The reason for this is that deviations may exist between
two images printed in this way in the case of drawings
which are printed in different phases, if only because
of deformation of the paper. These displacements, which
may represent a few pixels, may be either in the
direction of movement of the paper or in a direction
perpendicular. In this case, it is no longer possible to
extract a model which represents the desired printing
quality by using the techniques mentioned above since
very varied values may be associated with the same pixel
owing to misalignment or defective registration between
the printing phases.

In this <case, it has been proposed to
construct a model for each printing phase. To do this,
sets of sheets printed only with each of the printing
phases are included in the set of test sheets. Using a
procedure similar to the procedure described above, a
model is constructed for each printing phase. During the
phase of preparing these models, the operator identifies
the portions of the image which comprise only or
essentially only a single printing phase.

In production, before anything, else the
relative misalignments between the printing phases are
measured by using the pixels identified during the
preparation of the models.

Next, the models are combined, taking into
account the way in which the various phases are succes-
sively printed on the sheets in order to obtain a single
reference model whose disposition corresponds to the
disposition of the drawings in the images to be checked.
Next, each image is compared with the model thus pro-
duced. This procedure is complicated and particularly
expensive for the printer, since for each production

batch it is necessary to print as many sets of sheets

- 3 -
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representative of the desired printing quality as there are printing phases.

SUMMARY OF THE INVENTION

In accordance with a broad aspect, the invention provides a procedure for the
preparation of the reference model which does not have the drawbacks of the one
currently employed.

The procedure according to the invention is for producing a reference model,
by electronic means, intended to be used for automatically checking the printing
quality of an image on paper, especially for paper securities, said image being
composed of drawings printed in at least two separate printing phases. The
procedure comprises the foliowing steps:

a. a set of images (test sheets), which are completely printed by means and
procedures used for long print runs, is prepared,;

b.said images are arranged so that the drawings of said images printed in a
first printing phase are put into register;

c. while said drawings printed in the first printing phase are in register said
Images are recorded and densitometric values of pixels constituting said images are
stored In memory;

d. for each pixel the minimum densitometric value among all the recorded
Images of the set is determined and a model of the drawing printed in said first
printing phase is formed based on said minimum densitometric values:

e. thereafter, steps b., c. and d. are repeated for each other printing phase so
that a model of the drawing printed in each other printing phase is formed; and

f. the models obtained for all printing phases are combined in order to form the
reference model of the image to be checked.

Starting from the notion that, if the drawings of the images printed in the same
printing phase are put into register, that which has been printed in this phase will
keep the same position for all the images, the proposed procedure makes it possible,
by obtaining the minimum pixel values among the various values found on capturing
the image, to produce the model of the drawing printed in a first printing phase, and
this
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directly from the images' completely printed as in
normal-length production runs. What should change
between two images, whose drawings printed in one
printing phase are aligned, are the drawings printed in

a subsequent printing phase.
Once all the models for each phase have been

produced, it is only necessary to recombine said models,
according to the images to be checked, 1n order to

obtain the reference model, and consequently to carry

out the quality check using known means.
The procedure therefore makes it possible to

produce a reference model from a certain number of test
images printed as if in a long print run.

According to a variant of the procedure, when
a pixel has the same nonzero value in more than one
model, it is assigned to a single model, setting this
value to =zero in the other models. This makes 1t
possible to simplify the production of models since, 1if

a pixel has the same value in more than one model, this

means that it may equally well belong to one as ¢to

another.
According to another alternative embodiment,

when a pixel has nonzero but different wvalues in more
than one model, we then associate with the model which
has the highest value a value corresponding to the
absolute value of the difference between the two values,

and the pixel value is set to zero in the model in which

the value was a minimum.
When an opaque ink is used 1in at least omne

phase of printing one of the drawings of the image at
the end of the procedure, and especially the end of step
e., the models of the drawings which are not printed
using the opaque ink are recomposed. In the recomposed
models, the pixel values of said models which are also
printed with the opague ink are excluded and, of course,

the model or models of the drawing or drawings printed

with the opaque ink are kept.
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Finally, when the image is a polychrome image,
the procedure is repeated as many times as the number of

chromatic channels used.

S BRIEF DESCRIPTION OF THE DRAWINGS
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The invention will be described in more detail

In Figures 1 and 2, we have shown two images
each composed of a square, respectively al and a2, and
of a triangle, respectively bl and b2. The squares al,
a2 have been printed in a first printing phase, for
example intaglio printing, and the triangles in a second
printing phase, for example offset printing. The
relative displacement of two drawings, a2 and b2,
hetween the two images is exaggerated in order to
clarify the procedure according to the invention.

Tn accordance with the procedure, the two
images (al; bl) and (a2; b2) taken from the test set are
aligned with respect to the drawing printed in a first
printing phase, namely, 1in Figure 1, the squares al and
a2. A scan is performed along axes S1 and S2. The pixel
values found on these axes are plotted in the bottom of

the figure. Thus, for the image formed by the elements

al and bl on S1, we have the values al0 corresponding to

the first pixel encou.ntéred on the square al, the value
all which corresponds to the first pixel encountered on
the triangle bl and which has a higher value because of

the density of the line, the wvalue al2 which has the

square al, and the value al3 which has the same value as
the pixel all since it also corresponds to the triangle
bl having a line of density greater than that of the
square.

Now plotting the image composed of drawings a2
and b2, and taking the same pixels on the axis 852 for
the square, we obtain the values az0 corresponding to

the first piiel of the square a2, the value a2l which

- 6 -
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corresponds to the first pixel of the triangle b2 and

then the value a23 which is much higher than the others

b2. If we now choose the lowest values from among the

two results plotted on Sal and Sa2, we obtain the model

M1 composed of a first pixel which has the value all or

a20 and of a second pixel al2 which also has the same
value. It may clearly be seen that these are two pixels
belonging to the square al when the scanning 18
performed along the axes &1 and S2. Obviously the
complete model, which will be represented by matrices of
numbers, will be obtained by making several scans of
this type.

Now taking the same images in Figure 2, but
putting the triangles bl and b2 into register, we
obtain, by likewise making S3 and S4 scans firstly for
the figure composed of the elements al and bl, the
values a30 corrésponding to the first pixel encountered
on the square al. Thereafter, the value a3l, which 1is
the first pixel encountered on the triangle bl, a3Z2,
which is the pixel encountered on the square al, and
a33, which is the second pixel encountered on the
triangle bl. In fact, these values are identical to
those plotted in the Sal diagram in Figure 1, except
that they are shifted since registration 1is effected

with respect to the triangles bl and b2, that is to say

the drawings printed by offset.
It should be similarly pointed out that, in

the diagram Sa4, the values a40, a4l, a4< are identical
to those of Sa2 apart from the shift. Now choosing the
minimum values common between Sa3 and Sa4, we obtain the
model M2 composed of values a4l or a3l and the value
a33, these being the minimum values and representative

of the drawing of the second printing phase, namely the

triangle. Here too, several scans are necessary in order

to capture the entire image and produce the models M2

for the entire triangle.
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Tt is obvious that in the present case, we
have chosen only two images with two drawings in order
to illustrate the way of proceeding, but in practice
several printed images are used, these often being
composed of several drawings and, of course, the shift
between the two printing phases being less than that

shown in Figures 1 and 2.

The images or scans are, of course, captured
using suitable cameras, these being known since they are
currently used for quality control.

Once the reference model of each of the phases
has been obtained, a recomposition regarding the
relative alignment of said phases is made. With the

model thus produced, the quality 1is then checked using

the known means.
According to an alternative embodiment, if

when producing the wvarious models corres-ponding to
drawings printed in different phases, a pixel has the
same value in more than one model, this means that the
pixel may be associated indiscriminately with any model,
and therefore all the pixels of this type are associated
with a single model and the value is set to zero in the
others.

According to another embodiment  of the
procedure, if a pixel has different values in more than
one model, these being different from zero, we asgociate
with the model where the value is‘ the highest the
absolute value of the difference between the values of
said pixel, and the value is set to zero in the model
with the lower value.

If, in one or more printing phases, an opaque
ink is used at the end of the procedure, the models
which have not been printed with the opaque 1ink are

recomposed, omitting from the calculations of the

opaque ink, and, of course, the models obtained for the

drawings printed with the opagque ink are kept.
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Of course, if an image is a polychrome image,
the procedure must be repeated as many times as

chromatic channels used.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS :

1. A procedure for producing a reference model, by electronic means, intended
to be used for automatically checking the printing quality of an image on paper,
especially for paper securities, said image being composed of drawings printed in at
least two separate printing phases, which procedure comprises the following steps:

a. a set of images (test sheets), which are completely printed by
means and procedures used for long print runs, is prepared;

b. said images are arranged so that the drawings of said images
printed in a first printing phase are put into register;

C. while said drawings printed in the first printing phase are in
register said images are recorded and densitometric values of pixels constituting said
Images are stored in memory;,

d. for each pixel the minimum densitometric value among all the
recorded images of the set is determined and a model of the drawing printed in said
first printing phase is formed based on said minimum densitometric values;

e. thereafter, steps b., ¢c. and d. are repeated for each other printing
phase so that a model of the drawing printed in each other printing phase is formed:

and

f. the models obtained for all printing phases are combined in order
to form the reference model of the image to be checked.

2. The procedure as claimed in claim 1, wherein, for a pixel having the same

nonzero value in more than one model, it is assigned to a single model, setting this

value to zero in the other models.

3. The procedure as claimed in either of claims 1 and 2, wherein, for any pixel
having different nonzero values in more than one model, it is associated, in the
model having the highest value, with the absolute value of the difference between the

two values, and the value is set to zero in the model having the lower value.

4. The procedure as claimed in one of claims 1 to 3, wherein, when at least one
of the drawings of the image is printed using an opaque ink at the end of step e. of
the procedure, the different models of the drawing or drawings which are not printed

-10 -
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with the opaque ink are combined in such a way as to exclude the pixel values

printed with the opaque Ink.

5. The procedure as claimed in one of claims 1 to 4, wherein, when the image is
a polychrome image, the procedure is repeated for each one of the chromatic

channels used.

6. The procedure as claimed in one of claims 1 to 5, wherein the drawings are
put into register at step b. by putting preselected pixels of the drawings in question

into register.

- 11 -
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