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DEVELOPMENT OF A MODEL 

OF RASTER POWER-LINEAR 

CONVERSION OF DIGITAL IMAGES 

OF LIGHT TONES

The object of research is the technological process of raster conversion of digital images based on power-linear transformation at 
the stage of preparation for printing.

The problem in the processes of prepress preparation is the lack of functionality in available computer image processing programs 
to construct the characteristics of the raster conversion, which are the main carrier of information about the image. Accordingly, this 
limits the capabilities of the reproduction process and leads to a loss of image quality on the print.

The work used the method of mathematical modeling, the theory of digital image conversion, and object-oriented programming.  
To solve the problems set, typical variants of power-linear transformation of digital images of different tonalities were constructed. In the 
process of the study, algorithms for raster transformation of different lineatures were developed, which are the main carrier of informa-
tion about the image. Simulators for simulation modeling, analysis, and synthesis of power-linear transformation were built, ensuring 
high-quality tone reproduction of images of different lineatures.

A mathematical model of raster conversion of typical variants of power-linear conversion of digital images for light tones has been 
developed and new rasterization algorithms have been proposed. Based on them, a structural diagram of a simulator of raster power-
linear conversion of images of light tones has been developed in the MATLAB:Simulink package, with which it is possible to calculate 
and construct gradation characteristics, rasterization characteristics and analyze their properties.

The proposed model of algorithms for raster power-linear conversion of digital images eliminates posterization of images in dark 
areas, which is an advantage of the developed new raster conversion algorithms using power-linear transformation.

The results of the conducted studies of raster tone reproduction can be recommended to operators and technologists for use in pre-
printing processes at the stage of raster conversion of digital images.
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1. Introduction

There are various methods and modern algorithms of raster con-
version, in particular frequency-modulated, hybrid rasters, various 
variants of stochastic rasterization, rasters of individual companies, 
which ensure the quality of printed publications [1, 2]. They increase 
the quality of images under the condition of strict standardization of 
technological processes, materials, equipment, as well as the presence of 
an automated system of zonal ink supply for a given circulation, which 
significantly limits the use of the latest rasters [3, 4].

Modern raster conversion of digital images is carried out using a ras-
ter processor (RIP), in which it is possible to specify a square, round or 
oval shape of raster elements and their linework. Let’s note that the given 
shapes and especially the square shape of the elements greatly darken the 
image and the phenomenon of posterization occurs – visually noticeable 
transitions from one level to another in dark areas of the image [5, 6]. In 
computer publishing systems, available computer graphics programs 
and raster processors do not provide a program for constructing raster 
transformation characteristics, which are the main carrier of information 
about the tone of the image. Therefore, the operator is unable to evaluate 
the results of raster transformation, which are necessary for the manufac-

ture of printing plates. Incorrectly selected or specified raster transforma-
tion characteristics lead to a loss of image quality on the printout. There 
is little information in available sources on the quantitative assessment of 
the properties of rasterization algorithms, which limits the possibilities 
of the reproduction process. Therefore, the development and analysis 
of new rasterization algorithms based on power-linear transformation 
of digital images for light tones is an urgent task. When preparing im-
ages for printing, its scanned version almost always requires correction, 
including tone correction. Scanned images are mostly too dark and, ac-
cordingly, with unclear tone separation [7, 8]. Today, the main method 
of image correction is the traditional power (gamma) transformation, 
which is generally expressed as [9, 10]

L Lout in
r= ,	  (1)

where Lin and Lout  – the gradation characteristics of the input and raster-
ized images, r is the power exponent. If the power exponent is set within 
1 ≤ r ≤ 3, the image transformation darkens, while at 0.3 ≤ r ≤ 1 it bright-
ens. In sources [11, 12] it is noted that at r ≤ 0.4 and r ≥ 1.4 the power 
transformation causes posterization (the appearance of visually notice-
able transitions from one level to another in dark areas of the image).
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In works [13, 14], general information about the technology of ras-
ter transformation, raster tone transmission and coordination of tone 
reproduction ranges is given. Depending on the selected rasterization 
algorithm, in general terms it is described by the expression

S F Lout� � � ,	 (2)

where S – the relative area of raster elements, F(◦) is a function that 
depends on the selected raster transformation algorithm, the shape of 
the raster elements, etc.

If the original image Lout  was corrected based on the power (gam-
ma) transformation, then posterization occurs in the raster transformed 
image accordingly. Therefore, the study of the properties of the raster 
power-linear transformation is a relevant task . Hence, the aim of re-
search is to develop models of typical variants of the power-linear trans-
formation of digital images and to perform their rasterization. Based on 
these models, to build a structural diagram of the model of the raster 
transformation simulator and analyze its properties.

2. Materials and Methods

The object of research is the technological process of raster transfor-
mation of digital images based on the power-linear transformation at 
the stage of preparation for printing.

In the process of conducting research on raster tone reproduction 
at the stage of pre-press correction using quantitative indicators of im-
age properties, the following scientific methods were used:

–	 mathematical modeling methods for building mathematical 
models of typical variants of power-linear transformation of digital 
images of different tonalities for the purpose of analyzing and syn-
thesizing pre-press correction of images;
–	 the theory of digital image conversion for correcting images of differ-
ent tonalities and developing algorithms for raster transformation of 
different lineatures, which are the main carrier of image information 
in order to expand the functionality of pre-press image processing;
–	 object-oriented programming for developing simulators for simu-
lating raster power-linear transformation of digital images in order to 
ensure high-quality tone reproduction of images of different lineatures.
The modeling was carried out in the MATLAB software environ-

ment using the Simulink interactive package. Operational blocks and 
software tools from the Simulink library were used for modeling. Math-
ematical function blocks are used to calculate the gradation character-
istics, optical density and contrast sensitivity of the raster power-linear 
transformation of digital images for light tones. The Curves software 
tool is used to correct the images. The description of the functioning of 
the simulator of the raster power-linear transformation of digital images 
of different tones is presented based on the operators of the MATLAB 
application: Simulink.

3. Results and Discussion

The functional capabilities of the power gamma transformation 
can be expanded by modifying it by introducing an additional linear 
component, resulting in a power-linear transformation of images. Three 
typical variants of power-linear transformation of light tone images 
were developed for the study:

L L L1 0 0
22 255� � �( ) , 	 (3)

L L L2 0 0
1 62 255� � �( ) ,. 	 (4)

L L L L Li3 0 0
1 3

02 255 0 1 0 255� � � � � � �( ) ,. ,  if and 	 (5)

where L0 – the linear scale.

Let’s perform rasterization of typical options for power-linear trans-
formation of digital images of light tones

S Li i� � �� �1
255

1 , 	 (6)

where Si – the relative area of raster elements.
After substituting typical options, let’s obtain:

S L0 01� � , 	 (7)

S L1 11 1
255

� � ��

�
�

�

�
� ,	 (8)

S L2 21 1
255

� � ��

�
�

�

�
� , 	 (9)

S L L Si i3 31 1
255

0 255 1 0� � ��

�
�

�

�
� � � � �, ,if and 	 (10)

where for comparison, it is possible to perform raster transformation 
of the linear scale L0 .

To analyze the properties of raster transformation of images, let’s 
determine the difference between the rasterization characteristics and 
the linear one, which quantitatively assesses the perception of a raster 
image by the human visual system [15]

E S Si i� � 0 ,	 (11)

where Si – the relative area of the raster transformation of typical options 
for power-linear transformation, S0 – the area of the linear transformation.

Based on the above and expressions (3)–(11), a structural diagram 
of the simulator model of the raster power-linear transformation of im-
ages of light tones was developed in the MATLAB:Simulink package, 
which is shown in Fig. 1.

The Ramp block generates a linear scale L0, which is scaled by the 
Gain block and is fed in parallel to the inputs of the functional blocks 
of mathematical functions F Fcn cn− 2 . The dialog windows of the blocks 
contain a program for calculating the gradation characteristics L1 , L2 ,  L3 , 
of the power-linear transformation of digital images. The obtained values 
of the gradation characteristics are visualized by the Step block and are 
fed in parallel to the inputs of the mathematical function blocks F Fcn cn3 6− . 
The dialog windows of the blocks contain a program for calculating 
the relative areas of raster elements S0 , S1 , S2 , S3 . The obtained values of 
the relative areas of raster elements are visualized by the Scope1 block, 
scaled by the Gain block and fed to the input of the quantization block 
Quantizer, after which they are visualized by the Scope3 block. To deter-
mine the differences Ei between the rasterization characteristics and the 
linear one, the summation blocks Add are used, the first inputs of which 
are fed with the relative area S0 , and the second inputs are fed with the 
relative areas S1 , S2 , of the raster power-linear transformation. As a result, 
the outputs of the blocks produce the differences E1 ,  E2 , E3 of the raster 
transformation characteristics, which are visualized by the Scope2 block.

The blocks of mathematical functions of the simulator are config-
ured for typical variants of the power-linear transformation and the 
corresponding programs and parameters are set. The results of model-
ing the gradation characteristics of typical variants of the power-linear 
transformation of digital images for light tones are presented in Fig. 2.

A linear gradation characteristic L0 is presented below for com-
parison. Gradation characteristics are convex curves and at the begin-
ning of the range have sufficient steepness, which gradually decreases, 
so that midtones and light details of the image are well reproduced. 
Gradation characteristics L2 ,  L3 located above, have a slightly greater 
steepness at the beginning of the range, but not too large, so posteriza-
tion of the power-linear transformation does not occur.
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The results of modeling the raster power-linear transformation of 
images for light tones are presented in Fig. 3.

 
Fig. 2. Gradation characteristics of typical power-linear  

transformation options

 
Fig. 3. Rasterization characteristics of typical power-linear  

transformation options

The initial values of the relative areas of raster elements are equal 
to unity, which corresponds to the black tone. For comparison, the 
linear rasterization characteristic S0 is presented above. Rasterization 
characteristics are concave curves evenly stretched towards small areas, 
which corresponds to the light tones of images. At the beginning of the 
range, the steepness of the characteristics is relatively small, so there 
are no prerequisites for the occurrence of posterization. The steepness 
gradually decreases, which contributes to good resolution of image 
details in the middle range of tone transmission.

To analyze the properties of raster conversion of digital images, 
the differences in the characteristics of rasterization from linear were 
simulated, which are presented in Fig. 4.

 
Fig. 4. Graphs of differences of the characteristics of the raster 

transformation from the linear

The graphs of the differences are almost symmetrical negative 
U-shaped curves. The minus sign indicates that the linear character-
istic S0 prevails over the characteristics of the rasterization S1 , S2 , S3 .  
Accordingly, the characteristics of the differences qualitatively and 
quantitatively assess the perception of the rasterized image by the hu-
man visual system.

To determine the presence of posterization of the raster power-
linear transformation, its discretization was performed, the results of 
which are presented in Fig. 5.

The characteristics of the discretized raster transformation are 
stepped. The first discretes have a height of 255 black levels with  
a length of one level. The second discretes have a height of 254 levels  

 
Fig. 1. Structural diagram of the model of the simulator of raster power-linear transformation of images
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with a length of two levels. The third discretes have a length of 
253  levels with a length of two levels. The following discretes have 
similar parameters. Since the discretes have a length of two levels, the 
human visual system does not notice small changes in levels in dark 
areas of the image.

 
Fig. 5. Graphs of the discretized power-linear raster transformation

Comparing the results of the study of raster transformation of digi-
tal images based on the discretization of raster characteristics using the 
traditional power (gamma) transformation and the proposed power-
linear transformation, it was established:

The size of the discretes of the discretized raster characteristics 
of the power transformation at the beginning of the range is signif-
icantly greater than the level of visual perception. In particular, the 
initial displacements of the discretes are: at the power index r  = 1.5, 
the initial displacement of the discretes = 4 levels, at r = 2 – displace-
ment = 12 levels, at r = 3.0 – displacement = 33 levels. This indicates 
the presence of posterization in the images and, accordingly, their dis-
tortion. In contrast, the discretes of the discretized raster characteristics 
of the power-linear transformation are much smaller. In particular, their 
range is within 1–3 levels. Since the human visual system does not no-
tice the degree of length 3, the developed power-linear transformation 
eliminates posterization of raster images in dark areas. Accordingly, 
it is proven by mathematical modeling that the raster power-linear 
transformation eliminates posterization in dark areas of images, which 
is an advantage of the developed power-linear transformation over the 
traditional power-linear transformation.

Therefore, the developed model of raster power-linear transforma-
tion of digital images of light tones has significantly better characteris-
tics compared to existing models of raster transformation. In particular, 
it makes it possible to significantly expand the functionality of raster 
correction in the process of image tone reproduction.

Based on the proposed model, a simulator of raster power-linear 
image transformation has been developed. The simulator makes it pos-
sible to form gradation characteristics and rasterization characteristics 
for light tones of images, as well as to determine the difference between 
rasterization characteristics and linear. This ensures the determination 
of optimal parameters for raster image correction.

In the course of the research and on the basis of the obtained 
modeling results, it was established that the presented model of raster 
power-linear transformation eliminates visually noticeable transitions 
in dark areas of images.

Practical significance. The obtained results of research on raster cor-
rection of tone reproduction and raster tone transmission are recom-
mended for use by operators and technologists of computer publishing 
systems at the stage of preparing images for printing, in particular, in 
the process of raster conversion of digital images.

Research limitations. The main limitations of the study lie in the 
plane of several factors. The first is the need for appropriate software 
and hardware, which provides the ability to calculate optimal printing 
parameters in the process of raster conversion of digital images. The 
second is the availability of an appropriate information database that 
provides for the analysis of raster tone reproduction based on the con-
struction of the appropriate raster characteristics.

Prospects for further research. The conducted research forms the 
basis for creating new approaches to expanding the functionality of 
the process of raster conversion of digital images, which makes it pos-
sible to eliminate negative influences in the process of adjusting raster 
tone reproduction and tone transmission. Accordingly, these are good 
prerequisites for the development of this area of research, in particular, 
with a projection on the introduction of the latest information tech-
nologies into the pre-printing process of digital image processing.

4. Conclusions

Currently, in computer publishing systems, available computer 
graphics programs do not provide a program for constructing gra-
dation characteristics and rasterization characteristics. Incorrectly 
selected or specified characteristics lead to a loss of image quality in 
the printout. There is little data in available sources on the quantitative 
assessment of the properties of raster transformation algorithms, which 
limits the possibilities of the reproduction process.

Mathematical models of modern typical variants of power-linear 
transformation of digital images for light tones and a structural diagram 
of a raster transformation simulator model in the MATLAB:Simulink 
package based on functional blocks of mathematical functions Fcn have 
been developed. Based on the modeling results, it was established that 
at the beginning of the range, the steepness of the gradation character-
istics is small, so posterization does not occur in dark areas of images. 
Rasterization characteristics are opposite to gradation characteristics 
and have initial values of the relative area of raster elements equal to 
unity, which corresponds to black tones. The steepness of the character-
istics gradually decreases, so the details of the images in the initial and 
middle range of the tone transmission are well reproduced.

For a quantitative assessment of image reproduction, it is proposed 
to determine the difference between the rasterization characteristics 
and the linear one. The difference graphs are almost symmetric negative 
U-shaped curves. The minus sign indicates that the linear characteristic 
S0 prevails over the rasterization characteristics S1 , S2 , S3 . The differ-
ence characteristics have an extremum, and their minimum values are 
E1 = –0.095, E2 = –0.121, E3 = –2.49 units. Accordingly, the difference 
characteristics qualitatively and quantitatively assess the perception of 
the rasterized image by the human visual system.

To determine the presence of posterization of the raster power-
linear transformation, its discretization was performed. The discreti-
zation characteristics are stepwise. The first discretes have a height of 
255 black levels with a length of one level. The second discretes have  
a height of 254 levels with a length of two levels. The third discretes 
have a height of 253 levels and a length of two levels. The following 
discretes have similar parameters. Since the discretes have a length 
of no more than two levels, the human visual system does not notice 
small changes in levels in dark areas of the image. Thus, through math-
ematical modeling , it has been proven that the raster power-linear 
transformation eliminates image posterization in dark areas, which is 
an advantage of the developed power-linear transformation.
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