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1. Introduction

The development of high-quality printing products is
possible only if effective prepress preparation is carried out.
At the pre-print stage, the edition will look appropriate
if it matches a number of technical parameters, among
which the most important are color options. Thus, for the
prepress engineer there is a problem of obtaining qualita-
tive products, which should be structured and reduced
to several subordinate tasks, observing these parameters.
In turn, each of these tasks is decomposed into a series
of certain more detailed conditions. However, there is a
problem of the absence of such structured stages of the
work of the prepress engineer with the account of the
peculiarities of color rendering.

Thus, in the process of preparing the layout for prin-
ting there is a lot of difficulties associated with the need
for the prepress engineer to solve a series of step-by-step
tasks to ensure the quality of color reproduction. There-
fore, it is important to develop a methodology for the
support of the work of the prepress engineer, which will

enable active tools in support of prepress processes and
obtain certain effects from the introduction into produc-
tion. In particular, the productivity of the technological
process of prepress preparation and its cost price may be
increased.

2. The ohject of research
and its technological audit

The object of research is the accounting of the charac-
teristics of color rendering in the process of preprint prepa-
ration of the publication.

Nowadays there is a huge amount of measuring equip-
ment for quality control of color rendering. However, for
most enterprises (especially for printers of advertising
polygraphy), these devices are expensive and increase the
deadline for the execution of orders. Therefore, quality
control of the color of printing products is mainly carried
out at the preprint stage.

In most cases, the preprinting worker is advising on
color-optimization issues with the printer, as the printer

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/2(40), 2018, © Hrabovskyi Y., Yevsyeyev 0.

43 —)



IHPOPMALIHHO-KEPYIOYI CHCTEMM:
( CHCTEMH TA NMPOLECH KEPYBAHHA

I55N 2226-3780

is the most competent in this regard. In this case, the
recommendations regarding color processing received from
the printer have a number of significant drawbacks, which
mainly consist in the fact that the information received
is not specific and unsystematized. In addition, the coun-
seling process takes a lot of time both from the printer
and the prepress engineer. In cases where it is not possible
to contact the printer, such «manual» color management
is often done empirically, by simple sampling and error,
which greatly affects the quality of the product.

3. The aim and ohjectives of research

The aim of research is development of methodological
support for the work of the prepress engineer. This will
make it possible to achieve interoperability between the
components of the layout check process and the correct
rendering of colors.

To achieve this aim, the following tasks must be solved:

1. To identify the specific features of color in terms
of the work of prepress engineer.

2. To offer mixed-color management technology.

3. To design the algorithm of account of color rende-
ring peculiarities.

4. To automate the process of determining the trap-
ping parameters.

4. Research of existing solutions
of the prohlem

Fast-paced digital technologies supplant the tradi-
tional analogue stages of printing processes and provide
broad opportunities for addressing the pressing problems
facing the industry. Consequently, modern literature at-
taches great importance to the problems of informational
and methodological support of prepress processes.

Thus, in the work [1] systematized information on
the leading tendencies of information support of preprint
processes. However, the peculiarities of the processing of
color images and, accordingly, the information support of
this processing have not been addressed in the document.

In the research [2], the technology of formation of
color shades in detail is considered. However, there is
no record of the peculiarities of color rendering in the
pre-printing process in this document.

The issue of optimizing the printing for thin conduct-
ing drawings is dedicated to research [3]. However, this
work does not take into account the specifics of print
optimization under the condition of mixed colors.

An overview of image processing methods is given in
the work [4]. In this work, particular attention is paid
to aspects of image processing, such as image acquisition,
image enhancement, image segmentation, function dele-
tion, image classification. But, with a detailed coverage
of various methods of image processing, the research [4]
does not take into account the characteristic features of
preprint processes in the publishing and printing industry.

The paper [5] describes a method for assessing the
effectiveness of an information system from the standpoint
of an intellectual property object, which can be used to
optimize the information support of prepress processes.
But the limitation of the use of this method in printing
is the lack of a detailed algorithm of work in accordance
with the specific tasks of the prepress engineer.

Features of the use and optimization of color schemes
of images are considered in the research [6]. However, this
work does not contain information regarding the speci-
ficity of color optimization in terms of the work of the
prepress engineer.

In the research [7], based on the example of printing
on a fabric, an analysis of the rendering of paint to the
material that is printed is given. The order of observance
of mixed paints is determined in this paper. However,
this study does not include practical recommendations
regarding the achievement of interoperability between the
components of the layout check process for the correct
rendering of colors.

The work is devoted to the issue of quality control of
preprint editions [8]. In this work are analyzed in detail
the peculiarities of the construction and principles of opera-
tion of control and measuring devices for maintaining the
work of the prepress engineer. But in this work there is
no analysis of possibilities and the algorithm of the work
of the information-support system of the prepress engineer.

Principles of development and features of the use of
adaptive algorithms for image processing for printing are
given in scientific work [9]. However, this study does not
allow to provide comprehensive recommendations regarding
the support of the prepress engineer.

The research [10] provides methodological recommen-
dations for assessing the quality of preprint preparation
of the book. However, the author of the study does not
touch upon the management of the process of color image
processing.

The work [11] proposes an informational model of
prepress digital workflow and text and graphic informa-
tion transformations. The developed model describes the
organization of the process of color management at all
stages of preprinting. However, this study does not take
into account the characteristics of the color rendering
and does not include a sound mixing color management
technology.

Thus, the analysis of scientific research on the problems
of support of the work of the prepress engineer shows
that the researchers did not have a holistic, scientifically
sound methodology for improving the accounting of pe-
culiarities of color rendering in the process of preprint
preparation of the publication.

5. Methods of research

5.1. Characteristic features of color in terms of the
work of the prepress engineer. The main points that always
need to take into account when conducting preprinting
are the regime of consistent rendering of paint and the
mode of printing overlay.

The amount of paint rendering depends on many factors.
In a series of overlapping of several colors, especially in
the «raw» printing mode, each further paint falls on the
previous one not completely but with losses. The magnitude
of such losses varies from the type of ink and printing
mode and can reach 15-50 % [2].

In triad printing, the following order of paints is usually
used: CMKY — when printed in two runs on two-color
printing machines; KCMY — when printing on multi-colored
machines. At the same viscosity of paints the first is usually
printed contrasting colors. Such a procedure for applying
paints, even if there is a loss in printing, contributes to
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a greater clarity of prints. Of course, the order of applying
paints may be different, but in this case the other will
be the result.

Do not be surprised if the supplements, printed from the
same forms, but with different order of color compliance,
will differ significantly in the color rendering.

For mixed colors, this situation, in general, is also pre-
served. The order of their observance must be determined
prior to the beginning of the preparation of the electronic
layout.

In practice, taking into account the incomplete rendering
of paint can, but only very approximate. Specific numerical
values can only be determined by an experienced method.
For example, if it is necessary to print half-tone illustra-
tions in one or more paints on homogeneous backgrounds
made with metallic paints or glowing whitewashes (when
printed on metallic and transparent materials), then it is
wise to increase the optical density of these illustrations
(especially in the halftones).

5.2. Development of mixed color management technology.
By mix colors, all standardized (for example, Pantone)
colored, as well as all metallized and special paints [3].

In editors working with vector graphics, any blend
color can be specified either from an external library, or
arbitrarily in a sample palette (Swatch). The difference
between the blend color from the triad consists in as-
signing it the Spot Color attribute. This very important
difference allows you to count all objects painted in the
same color Spot, to one separation. This approach means
the following: the blend color is displayed on a separate
separation based on the name and without any dependence
on its screen color representation.

However, publishing applications do not have developed
mechanisms of color separation. For example, gradient fill,
created in Adobe Illustrator and consisting of two or more
mixed colors, is split fairly correctly. But if the gradient
fill contains at least one triadic color, then as a result of
transformations in the bitmap processor, all mixed colors
will be converted to a triad. The same is true for color
separations of tone transitions such as Blend, gradient
nets, Pattern samples, images processed by special filters
and effects. Three simple rules will prevent such nega-
tive appearance:

1. For the creation of gradient fills (and other similar
effects) with the transition «in white» as the final white
value, use the initial blend color with the value Tint=0 %.

2. To create gradient fills (and other similar effects)
with the transition «in the transparent» it is more reliable
to use the transition mode «in white» with the instal-
lation of the printing attribute with the overlay. In this
case, the imposition of «white» on any background will
not change the color of the background.

3. To create complex interactions between triad and
blend colors, you should use combinations of objects using
the overprinting attribute.

For example, to implement a gradient transition from
a certain Spot blend color to a black triad (C=0, M=0,
Y=0, K=100 %) it is necessary to create two identical
objects with the following parameters of gradient fill:

— the original color Spor=100 %;

— the final color Spot=0%;

— the original color before=0 %;

— the final color before=100 %, and then set the print

mode overlaying one object to another.

Improvement in the management of mixed colors should
be achieved on the basis of trapping. The procedure of
trapping in preprint preparation involves the special pro-
cessing of borders and sites of the combination of objects
of different colors in order to prevent the appearance of
the effects of non-moving paints in the printing process.
Such defects are caused by nonideal conditions of suc-
cessive imposition of printing in different sections of the
printing press.

The color of the path that performs the trapping func-
tion (hereafter — the trapping path), for the colored se-
quences must be determined by the general rule (light
towards the dark), but the appearance of complex colors
should be avoided. In most cases, the color of the object’s
fill or the color of the background on which the object
is located can be used for the trap circuit.

If an object or background has a complex color consisting
of several triad components, then the color of the contour
should only contain one or two predominant components
of the color of the object or background. Otherwise, as
if it were not necessary to do trapping for the area of
trapping. For example:

object: C=0, M=80, Y=60, K=0;

background: C=100, M=0, Y=0, K=45;

color of the trap circuit: C=0, M=50, Y=0, K=0.

Tracking of lines and contours (Outline) should be
executed overlay over a contour of its duplicate with the
increased thickness. The circuit overlay should be printed
overlay (have the Overprint attribute installed). In this
case, the edges of the wider overlapping contour will par-
tially overlap the adjacent colored background, creating
a trapping area. A similar technique is used for trapping
dies (Fill).

Font items can also be considered as dies, so trapping
methods for them are used the same.

In this case, increasing the size of objects is achieved by
adding a contour with the attribute Overprint (Table 1).

Tahle 1
The example of using adjusting objects for trapping
Number Object Color Overprint Purpose
of layer
1 Back- | £=72, M=B80, No need _
ground | Y=60, =100
9 Contour C£=0 M=0, No need Corrective contour
0.8 pt Y=0, £=100 for background
7 Contour dand» No need The main «drawing»
0.5 pt contour
Trapping between the
4 Contour «Land» Need background and the
0.8 pt
ground

5.3. Development of the algorithm of accounting for the
characteristics of the rendering of colors. After defining
the main characteristic features of color in the pre-print
preparation, the work of the prepress engineer can be divided
into certain structured stages or modules, during which
it is possible to identify the main contradictions in the
use of color. And also to receive methodical recommenda-
tions taking into account the correct color reproduction.
Information and support system prepress engineer will be
developed on the basis of these stages.
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The first stage of work is presented on the Fig. 1.

The beginning of the prepress
engineer work
I

Background color analysis

Summary
% > 300 %

Change the background
percentage

T
<

Analysis of individual
components of paints

. . No
Discrepancy with

features of
color rendering = 0

Search for recommendations

™
Fig. 1. The first structured stage of prepress
engineer «Background Analysis»

The first stage is analysis of the background and iden-
tification of its relevance to the characteristic features of
the rendering of colors. At this stage, the work of the
prepress engineer is to choose the optimal total percentage
of colors, which will result in a print with a minimum
deviation from the desired result.

The second stage, presented in Fig. 2, consists in ana-
lyzing the color parameters of the text, as well as the
correlation of these parameters with the font size. At this
stage, the prepress engineer can choose the most appro-
priate font size, as well as get recommendations for color
reproduction of the text.

@

1

Text color analysis

Is the text in
one color?

Enter the
percentage of
color and font
size. Define
background

Choose the color
and font size, define
the background

Analysis of the entered
parameters, search of
recommendations

Fig. 2. The second structured stage of the prepress
engineer «Analysis of the text»

The third stage, which is depicted in Fig. 3, is the
use of prepress engineer under certain conditions of the
parameters of trapping and overprint.

Definition of
trapping and overprintparameters

I
Entering the percentage
of the upper and lower
objects

Do you need
trapping options?

Analysis of the entered parameters, search
for trapping recommendations

[

Completion of the prepress
engineer

Fig. 3. Third structured stage of prepress
engineer «Definition of trapping parameters»

It should be noted that the parameters of trapping
and the overprint are determined by analyzing the color
of two objects lying on one another.

6. Research results

As a result of the research, the information and sup-
port system of the prepress engineer was developed, which
is designed to solve the problems of accounting for the
characteristics of the rendering of colors.

When using this system, the prepress engineer will be
able to quickly and easily create a database, at his own
discretion, information on the specifics of the rendering of
shades of a certain color. In addition, the prepress engineer
will be able to receive recommendations on the analysis
of individual objects at different stages of work and to
use this system in the future as a reference system.

The user has the opportunity to obtain the results of
analysis and data processing as separate recommendations.
The interface module is built on two types of dialogues:
a question-answer dialog and a menu-type dialog.

The input for the program is user input from the keyboard.

Output data is:

1) text information (system analysis results) that is
displayed,

2) a message about all the errors that have arisen;

3) intermediate data in the form of a total percentage
of paints.

The system was designed in several stages:

1) study and analysis of the problem area;

2) formation of data on the color scale;

3) identification of the main types of printed papers;

4) definition of the rules of the trap.

Evaluation of the quality of color reproduction of text
depends on certain parameters. At the prepress stage it is
possible to identify the overwhelming majority of circum-
stances that may lead to incorrect reproduction of the text.

4
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Among the main reasons for rejection, it is necessary
to distinguish the following:

1) text in the raster;

2) discrepancy of the text to the requirements of font
sizes.

The analysis of controlled parameters of prepress pro-
cessing of the text should be carried out in the context
of the main processes of the publishing stage. These pa-
rameters are presented in Table 2.

Table 2

Text options for printing

Text options Allowable values

8 pt chopped fonts

The font size is not less than
10 pt serif fonts

0.5 pt

Line thickness not less than

An equally important stage in the evaluation of color

All the colors used in the synthesis of color will be
called components of this color, and colors containing more
than one component are composite.

The dark paint (component) in CMYK is black. It is
achromatic, so the black ND (Black)=D (Black). With
other paints it is more difficult.

In trapping systems, special tables are used to store
ND color values, which usually contain not only typi-
cal values for popular triads (Table 5), but also detailed
tables of colors (color tables) for Pantone libraries. It
is also possible to calculate ND with CMYK or Lab-
color coordinates, but the accuracy of this method is
somewhat lower. In practice, a certain decrease in ac-
curacy associated with the application of the averaged
data from these tables (or ND calculation with CMYK)
is entirely acceptable.

In special cases, it is necessary to use densitometers, with
which it is possible to accurately measure ND (V-visual
mode).

reproduction is the stage of determining the conformity Table 5
of the total ink color of the type of the printed matter The Neutral Density parameter value
(Table 3) in the two popular triads
Table 3 ND Cyan Magenta Yellow Black
Correspondence of the total color of the sealed material Euro 0.51 0.62 0.04 1.67
Total Offset Card- Coated paper SWOP 0.60 0.76 0.16 1.73
amount of paper board glossy frosted
paint =80 % | 300 % 300 % 300 % The Neutral Density parameter is the decimal loga-
rithm from the neutral component level. This logarithm

Also at this stage, it is necessary to monitor the pa-
rameters of the trap depending on the type of paper. These
parameters are presented in Table 4.

The contrast of the resulting image, gloss, and trans-
lucence directly depend on the properties of the paper.
The choice of paper affects the resolution of the print, the
color and gradation characteristics of the print, and so on.

Also, the paper parameters cause the results of pro-
cessing the products at the post-printing stage, including
folding, binding, varnishing, laminating.

Increasingly, any printing house is faced with Incom-
patible paints. Ways to solve this problem should also
be considered at the prepress stage. However, often this
point is missed in order to save time.

Tahle 4
Parameters trap depending on the type of paper
Trapping Oifset paper Cardboard Coated paper
glossy frosted
Trapping 0.5 pt 0.25 pt
size (0.16 mm) (0.08 mm) 0.25 pt 0.25 pt
(0.08 mm) | (0.08 mm)

Risk of rejection by incompatibility of paints is elimi-
nated by using a trap.

It is well known that in color printing, color is set using
color separation, that is, the synthesis of several colors.

Therefore, the analysis of the lightness of objects should
be done separately for each ink used for printing.

Most often, a CMYK system containing four base paints
is used. However, it is not uncommon to use other colors
(the so-called Spot color, for example, the Pantone system).

is convenient because the ND of the compiled color is
simply the arithmetic sum of the ND components.

Obviously, there will be no problems between objects
with colors C100 and C50. In such a pair of forums, cut-
ting down, so there is no risk of artifacts. Similarly, in
complex colors. For example, the color of the C50M50Y50
is derived from the C70M80Y100 (Table 6) — in such
pair, trapping is meaningless. The second color consists
entirely of the components of the first, so there is also
no felling in such a pair. It is customary to say that in
this case the first color is derived from the second. Note
that the colors can vary significantly, but from the point
of view of the trap they will be «related».

Table 6
Color analysis by component
currE]?iiZnts Color 1 Color 2 Difference Trapping
C 70 % 50 % 20 % >
M 80 % 30 % 50 % >
Y 100 % B0 % 40 % >
):1 0 % 0% 0 % No need
Conclusion: all components in one direction No need

The color difference in the pair does not exceed the
color step limit. The threshold at which the difference
will be considered insignificant is usually called the color
step limit. For typical commercial products, the typical
value of step limit is 25 %.

From Table 7 it is seen that the component differen-
ces are opposite directions. In modern trapping systems,
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a relative method of calculating the color difference is
applied, i.e. relative color step limit. It is defined as the
difference, divided by the smaller of the color values. But
in the event that the absolute difference is less than 5 %,
the relative value is not calculated, and this component
is not considered.

A
85 Ananus dpona -

BeeauTe UBET NNALLKK, KOTOPYIO XOTUTE NPOBEPHTL
WK BhlﬁepHTe W3 CTAaHAapPTHOro CNUCKa

i —C o Sl
—

Boibepute bymary | -]

Tahle 7
Absolute and relative color difference

cur:;g?lgms Color 1 | Color 2 | Difference ?i?f]fztizﬁnf Trapping

C 15 % 5% 10 % 10/5=200 % <

M 25% | 35 % 10 % 10/25=40 % >

Y 50% | 60 % 10 % 10/50=20 % | No need

K 15% | 10% | 5% | Not caloulated | No need ST=r—
Conclusion: there are two components, a reference which dif- -
ference is greater than the relative step limit, and they are in| Need
the opposite direction

Thus, we will consider two components to be equal
to each other if the value of one exceeds the value of
the other by the value of the relative step limit. Then
Trapping between two colors is not needed if all the com-
ponents of the same color are greater or equal (taking
into account the relative step limit) of the corresponding
components of the second color.

The results of the research on the development of meth-
odological bases for supporting the work of the prepress
engineer were implemented in the form of an information
support system. In Fig. 4 shows the sketch of the main
page of this system.

Fig. 4. Sketch of the main menu of the information support system
of the prepress engineer

Fig. 5 shows a sketch screen of background analysis.

The work of this window consists in analyzing the
background and revealing the correspondence of the cha-
racteristic features of color reproduction, in choosing the
optimal total percentage of colors that will be printed
on the printout with a minimum deviation from the re-
quired result.

Fig. 6 shows a sketch of the trap definition screen.

The result of this window is the use of a prepress
engineer under certain conditions of parameters trap and
overprint. These parameters are determined by analyzing
the color of two objects lying on top of each other.

Fig. 5. Sketch of background analysis

BeemvTe upeT BepxHero obbeKTa 0

Beemure upeT HikHEro ofbexTa

3HaueHUA TPENMUHa

Fig. 6. Sketch screen definition trapping parameters

7. SWO0T-analysis of research resulis

Strengths. The advantages of the proposed method of
supporting the work of the prepress engineer are:

— ensuring consistency of the components of the layout

verification process for correct color rendering;

— presence of the formalized algorithm in the form

of structured stages of work of the prepress engineer;

— ensure the issuance of valid recommendations to the

pre-engineer with the help of a projected information

support system.

Weaknesses. The weaknesses of the conducted study
include the fact that the information-support system is
designed only for the CMYK color model. As a result of
using the developed information system, it can be difficult
for a different spectrum of color models.

Opportunities. Further areas of research may include:

— evaluation of the effectiveness of using the informa-

tion support system of the prepress engineer in the

prepress process;

— optimization of the lineature of printing taking into

account the probable area of the trap;

— development of a methodology for assessing the qua-

lity of the trap based on the use of the information

support system of the prepress engineer.

Threats. The main difficulties of the subjective nature of
the implementation of research results in the enterprise are:

— the need to work with expert experts to determine

the most significant factors of a publishing and printing
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company to optimize the prepress preparation of the

publication;

— determination of the significance and strength of

each factor on the color management process.

The involvement of experts is necessary to assess the
degree to which the image meets the requirements of color
reproduction and to determine the systematic nature of
measuring color parameters.

Determination of these parameters should be carried
out within the following stages of the technological process
of printing products, such as design, prototyping, prepa-
ration of printed forms, making a test print, printing of
the circulation.

In the process of realization of the following directions
of research the following difficulties may arise:

1) so, during the evaluation of the effectiveness of the
use of information support system of the prepress engineer
in the process of prepress preparation it may be difficult
to determine the integral indicator of such efficiency and
quantify each component of this indicator;

2) optimization of printing linearity, taking into ac-
count the likely area of trapping, may face the problem of
a significant variation of this value, depending on printing
technology, technical characteristics of the mold equipment
and printing machine;

3) in the process of developing a methodology for as-
sessing the quality of traps based on the use of the infor-
mation support system of the prepress engineer, it may be
difficult to distinguish the utility factors of this system
for publishing practice.

1. The characteristic features of color is determined in
terms of the work of the prepress engineer. It is found out
that the main points which always need to be taken into
account when conducting preprinting are the regime of con-
sistent rendering of paint and the printing mode overlay.

2. The technology of mixed color management is pro-
posed. The result of the implementation of this technology
is the following recommendations:

— for the creation of gradient fills and other simi-

lar effects with the transition «in white» as the final

value of white, the initial mixed color with the value

Tint=0 %;

to create gradient fills and other similar effects with

the transition in «transparent» it is more reliable to

apply the transition mode «in white» with the instal-
lation of the printing attribute with the overlay;

— to create complex interactions between triads and

blends should be used combinations of objects using

the overprinting attribute.

3. An algorithm for recording the characteristics of
color rendering is created. As a result, the main contra-

dictions concerning the use of color are resolved, and
the methodical recommendations for the support of the
prepress engineer are received taking into account the
correct color reproduction.

4. Automation of the process of determining the pa-
rameters of trapping is carried out. This automation gives
the prepress engineer the following capabilities:

— creation of a database, operational information files

for color rendering;

— obtaining recommendations for the analysis of in-

dividual objects at different stages of work;

— further use of the information support system as

a guide.
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