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Quality control of print should be observed in two aspects. First — conformity of the print to the original, second — the stability
of circulation. The first aspect has a large subjective component, especially if the color coverage of the process of reproduc-
tion is insufficient for exact reproduction of the original. The second aspect is usually objectively controlled by the system of
test-objects, however, due to an indirect way, it always leaves place for disputes. Recently, in connection with the development
of information technology, systems of estimation of image quality and printing process, based on computer processing of the
scanned print, have begun to appear. The offered method refers just to this direction and is relevant both in scientific and

practical terms.

1. Aims and objectives of the research
The main scientific objective of the research is to develop
an objective device-independent technique for assessing
the quality of the printed image and establishing its con-
formity to the original.

To solve the main task of the research it is necessary to
consider is better the following problems:

1. To perform analysis of the technological and technical
characteristics of a controlled object (print).

2. To define the parameter which will determine the way
of controlling the identity of prints.

3. To perform analysis of the existing ways of segmenta-
tion of digital images. To develop an algorithm for seg-
mentation of the analyzed image in areas with equal
brightness-chromatic characteristics.

4. To develop algorithm of quantitative analysis of prop-
erties of the isolated segments of the image. To run the
calculation of the segmented sections area with equal
brightness-chromatic characteristics.

5. To develop zones of maximum permissible deviations
from the absolute value of the investigated parameter
(segmented sections area value).

6. When the listed problems are solved, it is necessary to
define the form of comparison of investigated parame-
ters to prepare the conclusion about the conformity of
quality of the analyzed image to the reference sample.
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2. Hypothesis of research

In the research it is assumed that for the estimation of
conformity of the reproduction quality of the printed im-
age it is possible to use digital three-dimensional model
of the analyzed image.

The solution of these problems is based on the possi-
bility of representing the two-dimensional image in the
three-dimensional basis. Thus, the spatial coordinates of
the image are directed on lengthways axis x and y, and
luminance coordinates (optical density) — along z. The im-
age represented in such form looks like a certain "land-
form" in which the magnitude of «peaks and dints» is set
by the magnitude of brightness (luminance), and charac-
ter of their formation in the space — by the magnitude y.
Dissecting the "landform" parallel to OXY plane with
some interval AL (D), we receive a series of the cross-sec-
tions is obtained squared value of which will characterize
the certain half-tone characteristic of the image
[Dydyshko, 2007].
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Figure 1: Model of
distribution of the half-
tone characteristic of
the image on its area

After the area occupied with sections having equal half-
tone characteristics on the image is evaluated, the dia-
gram, on which the meanings of all the evaluated areas
for the analyzed image are placed successively, is created.
Then comparison of the gained meanings for the investi-
gated image with the corresponding parameters for the
reference image is performed; on the basis of the results
of this comparison a conclusion about the identity of the
analyzed printing image to the original is made.

Defining the characteristic, on the basis of which the
analysis of quality of printing images is made.

The basis for development of an objective method for
controlling the identity and the quality of analyzed print
implies finding the characteristic parameter, that can be
determined by disposable technical means and allows to
define operatively half-tone and chromatic parameters of
a print.

Thus, the objective parameter defining the identity of
print, within working thickness of inking layers, is the val-
ue of the luminous flux reflected from the controlled areas

of the printing image illuminated by a stable light source
and, specifically, the value of the segmented areas with
equal half-tone and chromatic characteristics. The con-
trol of the image by means of such values is more consist-
ent with the visual perception process, than the control
of quantitative analysis of brightness or color coordinates
on separate image elements. The observer is more like-
ly to find the most important, distinctive characteristics
of such a type as contours or textural areas and to form
from them the combinations subject to be recognized.
With such understanding of the visual perception process
it is logical to control the reproduction of the image by
its characteristic features (the areas with equal half-tone
characteristics), and not just by its separate elements.
One of the primary problems of the research provid-
ed was the development of the segmentation algorithm
of the half-tone image based on the processing of the an-
alyzed image by a multiple threshold. As a basis for the
definition of threshold values threshold density values
of the discriminating sensitivity of the eye have been as-
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sumed. Therefore, being based on the postulates offered
above, the algorithm of the segmentation of the areas of
images with equal half-tone and chromatic parameters
has been developed and mustered experimentally.

The execution algorithm of the given operation repre-
sents the cyclic processing of the analyzed image by the
means of the vector-mask whose values represent a mul-
tiple threshold. Then the image is divided into channels.
In each of such images, according to the developed algo-
rithm, we gate out the areas with equal intensity. As a re-
sult the image massif is divided into layers in compliance
with the vector of threshold values, which contain the in-
formation about the distribution on the areas sections
with various brightness thresholds.

Next, using the gained matrixes, we compute the areas
(the area value corresponds to the quantity of pixels) that
occupy the sections with equal half-tone and chromatic
characteristics. Thus, from the gained distribution of val-
ues of half-tone and chromatic characteristics on the im-
age area, we construct a graph; on the axis OX we plot
the value of the half-tone characteristics of the image,
and on the axis OY - the value of the area occupied with
this half-tone [Dydyshko, 2008].

For the reference image (the approved print in rela-
tion to which the quality of the printing image is deter-
mined) an interval of admissible deviations for the values

defined above the areas is defined. For this purpose two
additional images for which the color difference at eve-
ry point corresponds to the requirements of standards in
the field of quality of print production are created. To de-
fine the upper bound of the tolerance of the reference im-
age the value in color system CIELab for the channel L is
increased by 1,5 units, and values of channels aand b -
by 1 unit. To define the lower bound of the tolerance of
the reference image the value for channel L is reduced by
1,5 units, and the value for channels a and b — by 1 unit.
As a result, two images, with the minimum and the max-
imum admissible (considering that AE should be no more
than 4 units) values of half-tone and chromatic character-
istics are obtained. For the gained images the operations
of image segmentation on the sections with equal bright-
ness are performed. The values of the areas with the set
parameters are defined. One profile for two distributions
of the analyzed characteristics (max and min) which have
been received is constructed, on the axis OX the values of
the graded characteristic of the image are plotted, and on
the axis OY —the value of the area occupied with this half-
tone. The interval of values which keeps within a zone
contoured by profiles is a required gamut of the admissi-
ble change of controllable parameter for analyzed images,
within whose limits, a conclusion about the identity of the
investigated image to a reference print can be made.
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Figure 2: Represents the distribution of the areas of half-tone and chromatic characteristics for analyzed images for each of the processed
channels in the system CIELab; it also represents the interval of a legitimate value for the defined characteristics. The derived dependences allow
drawing a conclusion about the conformity of analyzed images to the reference sample.
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3. Influence of technological printing condi-
tions changes on the proposed method

To determine the efficiency of the proposed method for
assessing the quality of prints using digital simulation of
the images the following experiments were carried out:

e test prints, made under different technological regimes,
primarily print speeds: 5000 ott. / hour, 6000 ott. /
hour, 8000 ott. / h, 10 000 ott. / h, 12 000 sheets.

/ hour, 14 000 ott. / hour., which inevitably led to a
change in optical densities, were obtained.

e printing with increasing and decreasing the overall
density of all colors on 0,3 B was carried out.

e printing of test images with printing plates offset for
cyan and yellow inks to 0.1 mm., and 0,3 mm., and 0,5
mm. was performed.

Impact of changing the values of the zonal op-
tical densities of the printed image on the pro-
posed method

The table shows the values of zonal optical densities, ob-
tained by densitometer, for the analyzed image

Optical densities of the inks | Reference image 4 Image 1
Cyan 1.4-1.46 1.3-1.46
Magent: 1.42-1.5 1.41-1.44
Yellow 1.31-1.32 0.78-0.82
Black 2.6-2.67 1.35-1.48

Table 3.1: Values of the zonal optical density of the test images

Figure 3.1 shows the distribution of luminance-chromat-
ic characteristics area for the analyzed images for each of
the processed channels in the system CIELab. It also dis-
plays the allowed values interval for the defined charac-
teristics. These dependences allows to make a conclusion
about the correspondence of the analyzed images and the
reference sample.

Pttt 90 | S A AR R R B T

DITACER

:l.‘!

T THE

[

|
"
|

[T -

Figure 3.1: a) comparison of the sample and the image 1; b) the sample and channel L of the image 1; c) the sample and channel a of the

image 1; d) the sample and channel b of the image 1
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Presented dependences illustrate the correspondence

of obtained data to visual perception and the tradition-
al methods of printed images control. It should be noted
that these experiments with changes of optical densities
of different triad colors allow to make the following con-
clusion: changes of the zonal optical densities of colored

triad inks considerably change the colorimetric character-
isrics of the print, i. e., one can see sharp values changes
of a given indicator for channels a and b on the presented
curves, as well as deflection of the general image contrast
(the determining indicator is out of limits for channel L).

Impact of changing the brightness of the image on the proposed method
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Impact of printing plates offset of the printed image on the proposed method
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Figure 3.2: Comparison of data obtained from the experiment of he image with a decrease in the overall brightness (decrease in optical density

of all the triad colors on 0,3 B), in the system CIELab for each channel.

The performed experiments of the optical density chang-
es of all the triad colors provide an opportunity to make

a conclusion: a change of the overall print brightness (the
total amount of ink) has the greatest influence on chang-
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ing the analyzed parameter in the channel L, i. e., on

the gradation characteristics and image overall contrast,
which leads to a deflection of the colorimetric characteris-
tics transferring of the print.

romem apree

i

Figure 3.3: Comparison of data obtained from the experiment of the image with broken register of printing inks in the system CIELab for

each channel.

Our experiments of changing the offset of printing plates
lead to the conclusion: the change of the register of print-
ing inks sharply changes the colorimetric characteristics
of the print (value changes of the analyzed areas in the
channels a and b), while it only slightly affects the over-
all perception of total brightness, which is in consistent
with the visual perception process of the image by the hu-
man eye.

It should be also noted that the measurements using a
scanner are far more accurate, since the size of the scan-
ner crystals CCD is several orders smaller than the densi-
tometer aperture, which is an advantage of the proposed
method.

Usage of the digital model of the printed image ena-
bles to obtain generalized information about the investi-
gated image quality. Among the advantages of the pro-
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posed method it should be also noted the fact that its use
provides a pixel-map graded and chromatic matching of
analyzed images.

So, the following result have been obtained: a specif-
ic indicator — the area occupied by sites with the same
gradation characteristics, — precisely indicates the devia-
tion of the image quality in the same way as human vision
does it. During the experiments we obtain the depend-
encies that allow to characterize objectively the parame-
ters of the image transformation and distortion. The re-
sult of this work is the conclusion that the quality control
of printed matters using spatial modeling of print on the
based on scanning the entire image area is possible and
can be practically implemented.



4. Summary of results

The research has revealed that the analyzed parameter

— the value of the area with equal half-tone characteris-
tics — clearly indicates the deviations of qualitative char-
acteristics of the image in the same manner as the human
sight - the less is the value of the disturbing factor (color
misconvergence, the difference of the screen ruling, dif-
ferences between the form of the screen dot, dot gain),
the less is the difference between the gained dependenc-
es. During the experiments it was also possible to gain
the dependences that allow to characterize parameters of
the transformation and the distortion on the analyzed im-
ages objectively. The result of the performed research is
the conclusion that the offered method of quality control
and identification of print is possible and can be practical-
ly realized [Dydyshko, 2008].

The check of the operation of the offered technique on
the print produced with the use of various technological
conditions (speed of printing, the quantity of paint trans-
ferred to pressing, combination of inks on pressing) has
been performed. As a result, the coincidence of data on
the quality of the investigated images gained with use of
the offered technique, and meanings gained by means of
traditional research techniques is obtained.

The developed technique can be applied to any exist-
ing printing technique, with little changes at the stage of
reception of the digital model of the printing image, and
with the correction of the interval of the legitimate value
for the compared parameter.

5. Conclusions

On the basis of the analysis of technological features

of the processes of quality surveillance of printed mat-

ter and of the questions connected with identification of
the printing image, a pressing problem has been put and
solved — a new technique for the control of conformity of
the reproduction of the printing image to the confirmed
sample has been developed. It was found that to arrive at
the conclusion about the conformity of the reproduction
of the printing image to the reference sample it is possi-
ble to use the value of half-tone and chromatic character-
istics restricted by a certain ambit with fixed coordinates
on the image plane. The control of the image by means of
the values defined thereby is more in line with the visual
perception process than the control of quantitative anal-
ysis of brightness or color coordinates on separate image
elements [Dydyshko, 2009].
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The way of segmentation of the printed image model on
areas with equal half-tone and chromatic characteristics
has been offered.

The way of calculating the zone of legitimate values for
an investigated parameter has been proposed and exper-
imentally verified.

The software product that performs complex data pro-
cessing and visualization of research results, which are es-
sential to draw the conclusion about the quality of the
printing image, has been developed.

The experimental research of the influence of the basic
technology factors on the accuracy of the estimation of
the statistical parameters characterizing the quality of du-
plicating process has been performed.

The results of the research can be widely used in the
production when manufacturing polygraphic products
and for reengineering of production processes.
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