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DEVELOPMENT OF A MODEL FOR

COLORING RASTER ELEMENTS OF
POLYNOMIAL TRANSFORMATION
OF DIGITAL IMAGES

The object of the study is the process of pre-printing image preparation, in particular the final stage of preparing an image for print-

ing — rasterization using polynomial transformation.

One of the problems in the process of preparing an image for printing is the lack of a program in computer graphics programs and
a raster processor for constructing gmdation characteristics and rasterization characteristics.

This work used scientific research methods, in particular the method of mathematical modeling, object-oriented programming
and the MATLAB:Simulink software package. In the process of the study, rasterization models of polynomial transformation of digital
images were built and simulators for simulation modeling were developed.

Gradation characteristics, rasterization characteristics and optical density of the raster elements were obtained, which quantitatively

and qualitatively describes the raster tone reproduction of printed images. The developed model of coloring for determining the amount
of paint on the surface of raster elements of polynomial transformation of images of light tones allows to correct the image based on the
analysis of the properties of gradation characteristics, characteristics of screening and optical density in a wide range of tone reproduction.

Thanks to the proposed model, the informativeness of the analysis of tone reproduction is significantly expanded. This is a significant
advantage over the model based on power transformation, which has limitations in terms of the reproduction of dark tones and causes
the phenomenon of posterization.

Based on the obtained results of coloring raster elements of typical variants of polynomial transformation for a polynomial thickness
value H=1 pm it was established that an increase in the thickness of the paint layer by 20 % of the nominal shifts the initial values of
coloring. In particular: at V=12 the characteristics shift towards dark tones — the image darkens, and at V=0.8 the characteristics of

coloring shift towards midtones — the image becomes lighter.

The results of the conducted studies of raster tones can be applied at the stage of preparing digital images for rasterization in com-

puter publishing systems.
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1. Introduction

In publishing and printing processes, computer publishing sys-
tems are widely used to prepare images for printing. At the final stage,
rasterization is performed using a raster processor (RIP), in the work-
ing window of which it is possible to specify the shape of raster ele-
ments (square, round, oval), ruler, etc. It is worth noting that the se-
lected shape of raster elements forms a rasterization algorithm, which
significantly affects the quality of the printed image [1, 2]. The operator
corrects the image in the absence of the original and observes it on the
monitor screen, and the printed image is reproduced on white paper
in black paint, which is significantly different from the original and,
accordingly, makes correction difficult. The procedure for prepar-
ing the image for printing consists in placing a gradation wedge with
a uniform step of brightness change next to the scanned image. Then
the image is printed and re-scanned and additional correction is per-
formed, for example, using the Curves tool. Therefore, the procedure

for preparing for printing becomes more complicated and requires
time and materials [3, 4].

In computer graphics programs and raster processors, there is
no program for constructing gradation characteristics and raster-
ization characteristics. This significantly limits the capabilities of
the operator and technologist when preparing an image for print-
ing [5,6]. Accordingly, the quality of preparation depends on their
skills and experience. The lack of quantitative indicators for as-
sessing the properties of images limits the information capabilities
when preparing it for printing. Therefore, modeling the coloring
raster elements, constructing their gradation characteristics and
determining the optical density and analyzing their properties is
arelevant task.

Existing methods of image processing and preparation of text
and graphic information using computer publishing systems dif-
fer significantly from classical methods [7, 8] in other industries.
Therefore, these methods cannot be directly applied for high-quality
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preparation of images for printing. In available sources [9, 10] little
attention is paid to modeling the processes of preparation for print-
ing, which are multi-stage and describe various processes and pa-
rameters. In particular, these are scanning, correction, rasterization,
demodulation, optical density, etc. For example, in fundamental
works on digital image processing [11, 12] only a few pages are de-
voted to printing.

Images scanned by a package are mostly too dark and, accord-
ingly, with unclear tone separation. To ensure quality, they need to
be given brightness and appropriate contrast (adjusted) [13, 14]. In
printing, simple methods of nonlinear stretching, dynamic range
stretching, which are based on power-law gamma transformation of
images, are most often used. It is used to adjust scanners, monitors,
printers and when preparing images for printing [15, 16]. However,
the use of power transformation has limitations in terms of reproduc-
ing dark tones and causes the phenomenon of posterization - the
appearance of visually noticeable transitions (stripes) in black areas,
which distorts the image.

Therefore, it is relevant to develop a method for calculating
and constructing gradation characteristics of the coloring raster
elements, determining their optical density and analyzing their
properties.

Thus, the aim of research is to develop a coloring model to de-
termine the amount of paint on the surface of raster elements of the
polynomial transformation of digital images of light tones.

2. Materials and Methods

The object of research is the process of pre-printing image prepara-
tion, in particular the final stage of preparing the image for printing -
rasterization using polynomial transformation.

The following scientific methods were used in the research:

- mathematical modeling methods for constructing models of

rasterization of polynomial transformation of digital images to ex-

pand the capabilities of the process of preparing images for printing
in order to improve the visual quality of the print;

- object-oriented programming in the development of simulators

for simulation modeling of rasterization of polynomial transforma-

tion of digital images in order to determine the amount of paint on
the surface of raster elements;

- interactive software package MATLAB:Simulink in calculat-

ing and constructing gradation characteristics, rasterization char-

acteristics and optical density graphs in which there is no poster-
ization phenomenon.

There are used: mathematical modeling methods for construct-
ing models of rasterization of polynomial transformation of images;
object-oriented programming for developing simulation simulation
simulators for rasterization of polynomial image transformation;
MATLAB:Simulink software package.

3. Results and Discussion

To solve the problem of modeling the coloring raster elements, the
proposed polynomial transformation of light tones was used:

L
L:b+—°, if0<1L,<55, (1)
L,+d

where Ly — the linear scale [6]; b, d — the transformation parameters [6].
For the study, typical variants of the normalized polynomial trans-
formation of light tone images were studied:
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where the scales M; of the polynomial transformation tuning to the
limit 0<L;< 1.

Lets perform the rasterization operation of typical variants of the
polynomial transformation of light tone images, the result of which is
the relative areas — rasterization algorithms:
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S, =1L, if0<L, <1, then 0<S<1. (10)

In which the raster transformation Sy [6] of the linear scale Ly is
defined for comparison.

The coloring V [6] is determined - the amount of paint on the
surface of the raster elements:

V=5-H, (11)
where H - the relative thickness of the paints [6].

The nominal value of the paint thickness depends on the type of
paint and paper, for example, for offset printing the paint thickness is
within 0.7 < H<1.3 pm, and its average value H.= 1.0 pm:

L _07SH, <13 (12
13

The thickness of the paint layer on the print significantly affects

the quality of the printed product, which is estimated by the den-

sity of the print. If the amount of paint on the surface of the raster

elements (11) is known, then it is possible to determine the raster
optical density:

D=V-D,, (13)

where D,, - the optical density of the plate [6], which can be measured
with a densitometer in production conditions, or its value can be set
for a given type of paper.

It should be noted that the best densitometer models quantitatively
determine the optical density of the plate and the thickness of the paint
layer [6], which significantly increases the accuracy of determining
the optical density according to expression (13). Based on the above
and expressions (2)-(12), a structural diagram of a model simulator
for rasterizing polynominally transformed images of light tones and
determining the optical density of the coloring has been developed,
which is presented in Fig. 1.
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Fig. 1. Structural diagram of the model of the simulator of rasterization and determination of the coloring density

The Ramp block generates a linear scale Ly which is scaled by
the Gain block and fed to the inputs of the blocks of mathematical
functions F.,—F,3. The programs are written in the dialog windows
of the blocks — expressions (2)-(4) of the normalized polynomial
transformation for light tones. Their outputs are scaled to the limits
0<L;<1 and visualized by the Scope block. The obtained values are
fed in parallel to the inputs of the blocks of mathematical functions
Fiuy=Fes in the dialog windows of which the program is written —
expressions (1-U) of the raster transformation S;-Sy, which are visu-
alized by the Scopel block. After that, they are fed in parallel to the
inputs of the Gain blocks in which the relative thickness H of the paint
layer is set. At their outputs, the amount of paint V on the surface of the
raster elements is obtained, which is visualized by the Scope3 block. In
the Product multiplication blocks, the raster optical density D-D, is
determined by the expression (13) for the optical density of the plate D,,,
specified in the Constant block. The determined raster optical density
is fed to the multiplexer input and visualized by the Scope2 block.

The mathematical function blocks were configured for the speci-
fied programs and parameters. In the interactive mode of the simulator,
the following scales were determined: M;=0.65, M,=0.75, M3=0.9,
M, =1.15. For the study, the relative thickness of the paint H=1.00 and
the optical density of the plate D,,=2.00 were set.

The results of modeling the gradation characteristics of typical
variants of the polynomial transformation are shown in Fig. 2.

For comparison, the gradation characteristic Ly of the linear scale
is presented below. The gradation characteristics are convex curves
well stretched in the light and middle range compared to the power
gamma transformation. At the beginning of the range, the gradation
characteristics have a relatively small steepness, so the polynomial
transformation of light tones eliminates posterization in dark areas,
which is its advantage.

The results of the rasterization modeling of typical variants of the
polynomial transformation of light tone images are presented in Fig. 3.

For comparison, the rasterization characteristic Sy of the linear
scale is shown above. The initial values of the relative areas are equal to
unity, which corresponds to the dark tones of the image. The rasteriza-
tion characteristics are concave curves well stretched in the middle and
light ranges of the tone transmission, so the light details of the images
are well distinguished.
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Fig. 2. Gradation characteristics of typical variants
of polynomial transformation
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Fig. 3. Rasterization characteristics of typical variants
of polynomial image transformation

The results of painting raster elements, which determine the
amount of paint on the raster elements of typical variants of polynomial
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transformation for the polynomial thickness value H=1 pm, are shown
in Fig. 4.
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Fig. 4. Coloring raster elements graphs of typical variants
of polynomial transformation

For comparison, the linear scale coloring characteristic Vj is
shown above. The initial values of coloring raster elements are units
and do not depend on the variant of the polynomial transformation.
The coloring characteristics are concave curves well stretched in the
middle ranges, so the light details of the image are well distinguished.
At avalue of Ly =50, the coloring levels of raster elements are: 0.486;
0.577; 0.698; 0.804 units. It has been established that an increase
in the thickness of the paint layer by 20 % of the nominal shifts the
initial coloring values. In particular: at V=1.2 the characteristics
shift towards dark tones — the image darkens, and at V=0.8 the col-
oring characteristics shift towards midtones — the image becomes
lighter. Thus, the proposed coloring raster elements quantitatively
and qualitatively describes the raster tone reproduction of printed
images, which expands the functional capabilities when preparing
them for printing.

The results of modeling the optical density of coloring raster
elements of typical variants of polynomial transformation are pre-
sented in Fig. 5.
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Fig. 5. Optical density graphs of coloring raster elements
of typical variants of polynomial transformation

For comparison, the optical density D=2.0 units is given above and
does not depend on the transformation variant and decreases rapidly.
At a value of Ly=50 levels, the optical density value is: 0.972; 1.155;
1.291; 1.397; 1.610 units. The optical density graphs of coloring raster
elements are concave curves well stretched in the middle ranges, so the
light details of the images are well distinguished and smoothly go to
the zero final value.

Based on the obtained results of modeling raster-transformed
digital images, it was established that at the beginning of the dark tone
range, the optical density characteristics are significantly shifted to-
wards dark tones. In this context, the raster optical density for different
rasterization algorithms largely depends on the selected rasterization
algorithm. Also, based on the results of modeling the raster transfor-
mation of typical algorithms for polynomial transformation of digital
images, the following was established. The characteristics of the raster
transformation of images for light tones are concave curves uniformly
compressed towards small areas. In contrast, the characteristics of the
raster transformation of images for dark tones are rather convex curves
stretched towards dark tones.

Thus, the rasterization and coloring of the polynomial transforma-
tion of digital images, which consists in stretching its dynamic range
of gray levels, is a way to improve the visual quality of the image by
enhancing relative contrasts.

The developed coloring model for determining the amount of paint
on the surface of the raster elements of the polynomial transformation
of images includes: a simulator is developed for simulating the raster-
ization of the polynomial transformation of digital images; gradation
characteristics and characteristics of the rasterization of the polynomial
transformation of images are constructed; graphs of the coloring raster
elements of the polynomial transformation of images and graphs of
the optical density of the coloring raster elements of the polynomial
transformation of images. Each of the components of the model is in
a corresponding relationship with all the others, which is determined
by the properties of the connections of the printing parameters in the
process of preparing the image for printing, in particular in the process
of coloring raster elements. Together, all the components of the model
form a holistic structural and functional picture of the coloring model.

Thus, the developed coloring model for determining the amount of
paint on the surface of raster elements of polynomial image transforma-
tion for light tones has significant advantages over existing methods of
raster image transformation that are used in printing today. In particu-
lar, it expands the range of perception of the visual quality of images by
enhancing relative contrasts. The use of polynomial image transforma-
tion eliminates the phenomenon of posterization, i. e. eliminates visu-
ally noticeable transitions in shadows. At the same time, the developed
raster transformation makes it possible to obtain different algorithms
for rasterizing digital images of light and dark tones for applying the
optimal amount of paint to raster elements. This makes it possible to
ensure optimal raster optical density of the image in order to obtain
high quality prints, which is an advantage over existing rasterization
and coloring models.

Based on the proposed developed model of coloring for determin-
ing the amount of paint (coloring) on the surface of raster elements of
polynomial image transformation, the following have been developed:

- asimulator of the process of rasterization of polynomial trans-

formation of digital images, which makes it possible to form typical

variants of raster transformation of images;

- methods for calculating and constructing gradation characteris-

tics of coloring raster elements, determining their optical density and

analyzing their properties, which makes it possible to increase the ef-
ficiency of reproduction of technological and functional capabilities;

- amethod for improving the visual quality of an image based on

rasterization and coloring of polynomial transformation of digital

images, which consists in stretching its dynamic range of gray levels.

30
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The use of the proposed model significantly increases the accuracy
of image correction when preparing it for printing; provides optimal
application of paint to raster elements; provides high visual quality of
the printed print in a wide range of tone reproduction.

Practical significance. The results of the conducted studies of raster
tones are recommended to be used by operators at the stage of prepar-
ing digital images for rasterization in computer publishing systems.

Research limitations. The main limitations of this research are that
the implementation of the proposed solutions requires an appropriate
hardware base and special software. Providing appropriate mechanisms
and tools makes it possible to calculate and build characteristics and
dependencies of printing parameters for processing digital images in
the process of preparing them for printing.

Prospects for further research. A promising direction for continuing
research is the introduction of modern information technologies in
pre-printing processes of image preparation. In particular, the use of
neural networks in the process of processing digital images is extremely
interesting. This can significantly increase the accuracy of analysis of
complex image structures and, accordingly, improve the quality of tone
reproduction.

4. Conclusions

A coloring model has been developed to determine the amount
of paint on the surface of raster elements of polynomial image trans-
formation. To analyze its properties, a simulator of coloring raster ele-
ments has been developed, which makes it possible to quantitatively
determine its parameters and properties. In this context, a structural
diagram of a model simulator of the rasterization process of polynomial
transformation of digital images in the MATLAB:Simulink package
has been developed. The simulator makes it possible to form typical
variants of raster transformation, analyze, determine their differences
and raster optical density.

According to the simulation results, it was found that polynomial
image transformation eliminates posterization in dark areas of the im-
age, which is its advantage over traditional power gamma transforma-
tion. The characteristics of the rasterization are concave curves in the
middle and light range of the tone transmission, so the light details of
the image are well distinguished.

The results of coloring determine the amount of paint on the
raster elements, which are given by the coloring characteristics. The
characteristics are concave curves well stretched in the middle ranges,
and at the beginning of the range at Ly=>50 levels of coloring raster
elements are: 0.486; 0.577; 0.640; 0.698; 0.804 units. It is established
that an increase in the thickness of the paint layer by 20 % of the
nominal shifts the initial coloring values. In particular: at V=12 the
characteristics shift towards dark tones - the image darkens, and at
V=0.8 the coloring characteristics shift towards midtones — the image
becomes lighter.

It is established that the initial values of the optical density are:
0.972; 1.155; 1.291; 1.397; 1.610 units, after which they smoothly ap-
proach zero. It is proven that the proposed coloring raster elements of
polynomial transformation describes the raster tone reproduction of
printed images, which expands the functionality when preparing them
for printing.

The results of the conducted studies of raster tones can be applied
at the stage of preparing digital images for rasterization in computer
publishing systems.
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